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STATEMENT  OF  JOHN  F.  STEVENS, 

CHIEF  ENOINEBK, 

BEFORE  THE  COMMITTEE  ON  INTEROCEANIC  CANALS, 
UNITED  STATES  SENATE. 


ISTHMIAN  CANAL. 


Committee  ok  Intebogeanic  Canals, 

United  States  Senate, 
Waahingtonj  D.  C.j  Tuesday^  January  iSj  1906. 
The  committee  met  at  10.30  o'clock. 

Present:  Senators  Millard  (chairman),  Kittredge,  Dryden,  Hop- 
kins, Ankeny,  Morgan,  Gorman,  and  Simmons;  also  John  F.  Stevens, 
esq.,  chief  engineer  of  the  Isthmian  Canal  Commission. 

FUBTHEE  STATEMENT  OF  JOHN  F.  STEVENS,  EStt.,  CHIEF 
ENQINEE&  OF  THE  ISTHMIAN  CANAL  COMMISSION. 

Senator  Morgan.  If  the  chairman  will  permit  me,  I  will  ask  Mr. 
Stevens  a  few  preliminary  questions  to  open  up  the  subject  before  he 
makes  his  statement. 

The  Chairman.  Go  ahead.  Senator. 

Senator  Morgan,  You  have  read  this  minority  report, Mr.  Stevens? 

Mr.  Stevens.  Yes,  sir. 

Senator  Hopkins.  Will  you  let  me  interrupt  you  one  moment. 
Senator? 

Senator  Morgan.  Yes,  sir. 

Senator  Hopkins.  Would  it  not  be  better  for  Mr.  Stevens  to  give 
us  a  summary  of  the  majority  report  and  a  summary  of  the  minority 
report,  to  point  out  the  strong  points  in  the  majority  report  and  the 
strong  points  in  the  minority  report,  and  state  where  they  agree  and 
where  they  disagree. 

Senator  Morgan.  That  will  be  the  course  of  the  examination.  I 
will  ask  Mr.  Stevens  but  a  very  few  questions  leading  up  to  that 

Senator  Hopkins.  All  right  I  simply  suggested  that,  with  a 
view  of  helping  the  members  of  the  committee  who  have  not  made 
a  critical  examination  of  the  reports  to  understand  the  matter. 

Senator  Morgan.  I  see  that  the  minority  brings  forward  a  specific 
plan  for  a  lock  canal  and  recommends  it.  In  some  respects  it  is  a 
new  departure,  particularly  as  to  building  the  dam  at  Gatun  and  the 
locks  in  the  hills  back  of  Gatun.  Are  those  hills  on  the  right  or  the 
left  bank  of  the  Chacres  River  ? 

Mr.  Stevens.  On  the  right  bank. 

Senator  Morgan.  How  far  back  of  Gatun  are  they  ? 

Mr.  Stevens.  They  are  immediately  at  Gatun. 

Senator  Morgan.  Kight  at  the  place  itself  ? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  Gatun  is  a  little  village  there? 

Mr.  Stevens.  Yes.  sir. 
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Senator  Morgan.  Have  you  examined,  I  may  say  critically  and  as 
an  engineer,  the  various  other  propositions  for  a  lock  canal  at 
Panama?  Have  you  examined  the  various  other  propositions  for  a 
lock  canal  there? 

Mr.  Stevens.  I  have  known  of  several  other  propositions.  I  have, 
of  course,  examined  the  ground  that  would  be  involved  in  their  con- 
struction. 

Senator  Morgan.  Have  vou  examined  any  of  those  plans  or  pro- 
posed plans  with  a  view  of  the  possibility  of  their  being  adopted  by 
the  committee  ? 

Mr.  Stevens.  I  never  have  seen  any  detailed  plans ;  no,  sir. 

Senator  Morgan.  You  have  not  seen  any  ? 

Mr.  Ste\t:ns.  No,  sir. 

Senator  Morgan.  So  that  in  speaking  about  this  particular  plan 
that  is  brought  forward  by  the  minority  of  the  committee,  you  do  not 
propose  to  exclude  the  consideration  of  all  other  plans  for  a  lock  canal 
and  to  adhere  to  this  particular  one  as  the  basis  for  your  recom- 
mendations ? 

Mr.  Stevens.  I  do  not  quite  understand  you. 

Senator  Morgan.  Here  are  several  plans  that  have  been  brought 
forward  by  engineers  of  merit,  note,  ability,  some  of  which  have  been 
submitted  to  the  Commission  and  some  ot  which  have  not,  of  which 
you  may  have  some  knowledge;  I  do  not  know.  In  the  statement 
that  you  propose  to  make  before  the  committee,  do  you  propose  to  say 
that  you  reject  anv  and  all  plans  except  the  one  recommended  by  the 
minority  for  a  lock  canal  ? 

Mr.  Stevens.  No,  sir ;  I  do  not  mean  to  say  that. 

Senator  Morgan.  You  do  not  mean  to  say  that? 

Mr.  Stevens.  No,  sir. 

Senator  Morgan.  So  that  in  the  examination  of  this  proposed  plan 
gotten  up  by  the  minority  of  the  committee  you  will  contrast  that  with 
the  sea-level  canal  ? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  And  upon  that  basis,  I  suppose,  our  examination 
with  reference  to  this  will  be  conducted,  it  being  understood  that  if, 
for  instance,  a  lock-canal  plan  should  be  adopted  it  would  not  be 
necessarily  this  plan.  The  committee  would  feel  at  liberty,  and  the 
Congress  would  feel  at  liberty,  if  they  found  a  plan  that  they  believed 
was  better  than  the  one  suggested  here  by  the  majority  and  the  one 
suggested  by  the  minority,  to  investigate  it ;  and  we  would  simply 
confine  ourselves  to  the  consideration  of  the  question  as  to  whether 
this  shall  be  a  sea-level  canal  or  a  lock  canal,  upon  the  predicate  of 
the  report  of  the  majority  in  favor  of  a  sea-level  canal  and  of  the 
minority  in  favor  of  a  special  plan  for  a  lock  canal.  That  was  what 
I  wanted  to  get  at ;  I  wanted  to  have  an  understanding  about  that. 

The  Chairman.  I  do  not  understand  that  this  is  binding  upon  the 
committee  at  all ;  it  is  simply  for  general  information. 

Senator  Morgan.  I  will  venture  to  say  to  the  committee  and  to  Mr. 
Stevens,  too,  that  I  think  there  is  at  least  one  plan  that  may  be 
brought  forward  that  I  think  is  quite  superior  to  the  plan  proposed 
by  the  minority  of  the  committee.  I  do  not  know  that  it  will  be 
brought  forward,  but  it  may  be ;  and  I  merely  wanted  to  suggest  that 
if  we  recommend  the  adoption  of  the  minority  report  it  should  be 
done  with  reference  simply  to  the  choice  between  a  sea-level  and  a 
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lock  canal,  leaving  ourselves  open  as  to  a  method  of  construction 
coming  from  other  sources  that  might  be  considered  better  than  this- 

Senator  Hopkins.  Now,  Senator,  if  Mr.  Stevens  can  now  ffive  us 
a  summary  of  the  two  reports  we  will  be  able  to  get  a  more  intelligent 
view  of  the  situation,  and  we  can  then  examine  him  with  reference 
to  any  suggestions  that  he  may  have  to  make  in  favor  of  either  the 
majority  or  the  minority  report. 

Senator  Morgan.  That  is  exactly  what  I  desire  on  my  part ;  and  I 
merely  made  these  preliminary  observations  to  keep  the  subject  clear 
in  our  minds. 

The  Chairman.  Now,  Mr.  Stevens,  will  you  proceed? 

Mr.  Steyjins.  Mr.  Chairman,  I  am  afraid  that  Senator  Morgan's 
ideas  of  my  responsibilities  in  this  case  do  not  quite  accord  with  mine. 
When  I  came  to  the  Canal  Commission  as  chief  engineer  there  was  a 
delimitation  made  in  the  duties  of  my  office,  it  seemed  to  me.  The 
powers  appointed  a  board  of  consulting  engineers,  to  take  practically 
all  the  time  they  required,  and  to  have  all  the  assistance  they  required, 
to  investigate  all  oi  these  propositions ;  and  presumably  their  report, 
when  made,  would  be  seriously  considered,  if  not  adopted.  They 
were  the  people  to  thrash  out  all  of  the  details ;  and  the  consensus  of 
their  best  juagment  was  the  best  that  the  committee  or  the  President 
could  obtain.  Therefore  that  took  from  me,  in  a  very  large  measure, 
my  responsibility  in  regard  to  this  question;  and  I  have  always  re- 
garded, and  still  regard,  myself  not  as  a  man  directly  responsible 
for  these  reports — either  of  them — even  if  I  should  favor  one  over 
the  other,  or  if  I  should  favor  something  entirely  different. 

Senator  Morgan.  I,  for  one,  am  very  glad  that  you  feel  yourself 
entirely  free  from  responsibility  for  these  reports,  and  that  you  have 
a  free  hand  to  make  any  observation  that  you  choose  to  make  or  think 
it  proper  to  make  in  regard  to  either  of  them. 

Mr.  Stevens.  More  than  all  that,  when  the  consulting  board  were 
down  there  in  September,  I  think,  I  came  before  them  and  they 
questioned  me  very  closely  about  my  predilections  and  my  ideas  about 
the  matter.  I  told  them  (which  was  very  true)  that  1  had  only  been 
there  a  couple  of  months,  and,  as  everybody  must  know,  my  time  was 
taken  up  with  other  very  important  things. 

Senator  Morgan.  But  you  were  there  during  all  of  that  time? 

Mr.  Stevens.  I  was  there  all  of  that  time,  but  I  had  nothing  what- 
ever to  do  with  the  consulting  board.  I  made  only  one  or  two  trips 
with  them,  and  they  were  left  free  to  gather  information  from  any 
source  they  chose.  What  I  want  to  bring  out  is  this  fact — that  I  do 
not  consider  myself  responsible  for  the  investigations  and  the  conclu- 
sions that  have  been  drawn  by  anybody. 

Senator  Morgan.  No;  nobody,  I  think,  regards  you  in  that  light. 

Mr.  Stevens.  And  in  my  capacity  now  I  only  claim  that  I  act  as 
an  adviser  of  the  Commission — to  give  them  my  ideas.  My  ideas  may 
not  be  any  more  valuable  than  those  of  anyone  else  who  has  been 
there  the  same  length  of  time. 

Senator  Morgan.  That  is  exactly  what  we  consider  you — the  ad- 
viser of  the  committee. 

Mr.  Stevens.  In  other  words,  I  was  not  engaged  as  chief  engineer 
to  tell  the  Commission  or  the  country  or  anyone  else  what  kind  of  a 
canal  should  be  built.    They  took  other  means. 

Senator  Kittredge.  What  did  you  understand  your  duty  to  be  ? 
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Mr.  Stevens.  To  build  the  kind  of  canal  that  was  chosen  to  be 
built,  to  carry  out  the  details  of  the  work,  and  to  see  it  built 

Senator  Hopkins.  You  expected  to  have  some  considerable  voice 
in  determining  the  character  of  the  canal  that  you  were  to  build, 
however,  did  you  not? 

Mr.  Stevens.  I  supposed,  of  course,  Senator,  that  my  advice  would 
be  asked,  as  it  has  been ;  yes. 

Senator  Dryden.  You  are  prepared  to  give  the  committee  the  bene- 
fit of  your  judgment  in  this  matter? 

Mr.  Stevens.  Certainly ;  certainly. 

Senator  Gorman.  I  think  Mr.  Stevens  had  better  go  on  now  and 
make  his  statement. 

Senator  Morgan.  I  want  to  call  Mr.  Stevens's  attention  to  just  one 
fact  before  he  starts.  I  notice  that  in  the  majority  report  and  also 
in  the  minority  report  the  canal  is  projected  (both  the  sea-level  and 
the  lock  canals)  so  as  to  enter  the  Bay  of  Limon  almost  north,  I  will 
say.  from  Gatun;  and  they  both  seem  to  eliminate  that  part  of  the 
canal  that  leads  through  Colon. 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  So  that  I  think  we  perhaps  need  not  pay  much 
attention  to  the  situation  there  in  comparing  the  two  routes.  They 
both  agree  that  the  canal  should  go  into  the  Bay  of  Limon  on  nearly 
a  straight  line. 

Senator  Gorman.  But,  Senator,  as  this  testimony  of  Mr.  Stevens 
is  going  in  by  way  of  an  explanation  of  this  matter  to  everybody  in 
the  Senate,  had  he  not  better  go  on  in  his  own  way  now  and  describe 
the  two  plans?  There  may  very  likely  be  other  Senators  who  do  not 
know  anything  about  them. 

Senator  Dryden.  Yes;  and  I  am  one  of  them.  I  am  sure  T  would 
be  entirely  at  sea  without  the  benefit  of  Mr.  Stevens's  explanation. 

The  Chairman.  Mr.  Stevens,  you  may  proceed  now  and  give  the 
committee  your  judgment  in  regard  to  these  matters.  I  think  per- 
haps it  would  be  wen  for  you  first  to  describe  the  two  proposed  plans, 
commencing  with  the  majority  report. 

Mr.  Stevens.  I  imagine  that  any  explanation  I  might  make  would 
be  very  blind  if  I  undertook  to  give  a  graphic  description  in  words 
here  in  the  most  general  terms,  without  any  preparation  of  the  two 
plans,  unless  some  one  should  ask  me  questions  to  bring  out  anything 
that  might  be  desired. 

The  Chairman.  We  will  ask  you  the  questions  when  you  are 
through,  Mr.  Stevens ;  you  will  be  asked  questions  then. 

Mr.  Stevens.  The  plan  reported  by  the  majority  of  engineers  con- 
templates what  is  called  a  sea-level  canal,  extending  from  a  point 
about  midway  in  the  front  of  the  so-called  harbor  at  Limon. 

Senator  Kittredge.  Would  it  be  embarrassing  to  you  for  me  to  ask 
a  question  at  this  point? 

Mr.  Stevens.  Not  at  all. 

Senator  Kittredge.  \Miere  would  that  be  with  reference  to  the 
Mindi  River? 

Mr.  Stevens.  About  opposite  the  mouth  of  the  Mindi  River,  where 
the  river  debouches  from  the  marshes. 

Senator  'Morgan.  By  the  qualification  "  so  called,"  that  you  put 
in  your  remark,  you  mean  that  neither  of  them  is  strictly  a  sea-level 
canal — a  canal  without  locks. 
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Mr.  Stbvxks.  I  understand  not;  no,  sir.  A  tidal  lock  will  be  nec- 
essary even  in  the  case  of  a  canal  at  sea  level.  You  see  these  reports 
are  both  incomplete,  in  tliat  the  consulting  board  have  never  sub- 
mitted any  plans,  either  of  the  alignment  or  of  anything  else.  They 
have  submitted  merely  the  bare  report,  and  the  only  thing  we  have 
to  judge  from  is  that  report.  [Referring  to  larm  map  in  committee 
room :]  Here  is  Gatum ;  here  is  Mindi,  Boca  Mindi  (Boca  means 
mouth),  the  mouth  of  the  Mindi  River.  The  Little  Mindi  River 
comes  in  here. 

The  present  line  of  the  canal  as  the  French  excavated  it  runs 
through  here  to  Cristobal,  which  is  here,  Colon  being  on  Manzanillo 
Island.  The  old  line  of  the  canal  described  this  reverse  curve  of 
which  we  spoke  the  other  day.  The  Bay  of  Limon,  to  continue  the 
shore  line,  runs  around  here  to  a  point  called  English  Point,  right 
here,  which  is  about  two  and  a  half  miles  directly  across  from  Manza- 
nillo Island  or  Colon.  This  bay,  so  called,  might  in  fact  be  called  an 
open  roadstead.  It  has  no  protection  whatever.  The  north  is  here — 
here  is  the  north  point;  so  tnat  the  prevailing  heavy  winds,  which  we 
call  the  "  northers  "  (which  really  come  from  a  few  points  west  of 
north),  sweep  directly  into  this  bay,  and  it  affords  no  protection  what- 
ever for  shipping  during  the  continuance  of  the  "  northers."  The 
point  brought  out  the  other  day  by  Senator  Morgan's  question  as  to 
which  I  preferred,  whether  it  would  not  be  safer  to  have  the  entrance 
straight  m  here  instead  of  making  that  curve,  is  illustrated  on  that 
map.  Perhaps  I  am  digressing,  however.  I  ought  not  to  do  that. 
Shall  I  go  on  ? 
Senator  Hopkins.  Yes;  goon. 

Mr.  Steveks.  a  ship  coming  in  with  the  wind  astern  would  follow 
the  direction  of  that  ruler.  [Pointing  with  ruler  on  map.]  When 
she  got  here  'die  would  have  to  turn  nearly  at  right  angles,  which 
would  bring  her,  before  she  got  to  the  protection  of  this  point,  with 
the  wind  abaft — ^with  the  wind  crosswise,  to  use  a  landsman's  term — 
which  of  course  would  affect  her  steerngeway  in  getting  into  the 
canal.  Those  considerations  no  doubt  influenced  the  board  in  recom- 
mending in  both  the  majoritv  and  the  minority  reports  a  straight  en- 
trance, m  one  case,  as  I  understand,  leaving  the  present  line  of  the 
canal  (this  being  the  canal)  about  at  this  pomt,  so  as  to  make  an  easy 
curve  here,  and  going  straight  through  this  point  out  to  sea,  some- 
thing like  that.     [Indicating.] 

Senator  Kittredge.  Which  report  are  you  now  referring  to,  Mr. 
Stevens? 

Mr.  Stevens.  That  is  the  recommendation  of  the  majority  report, 
cutting  through  this  island  here.  The  other  report  leaves  at  about 
the  same  point,  but  swings  outside  of  the  island,  and  then  with  a 
slight  curve  opposite  goes  to  nearly  the  same  entrance.  The  reason 
the  minority  report  changes  the  line  through  here  is  to  save  what  they 
call  a  large  amount  of  rock  excavation  in  the  channel,  which  extends 
through  this  point  here.  By  going  outside  they  miss  it  completely. 
That  is  the  reason,  as  I  understand  the  reports,  why  they  are  not 
exactly  on  the  same  lines  from  here  to  here.  [Indicating.]  While 
in  effect,  to  my  mind,  they  are  practically  the  same,  there  is  a  slight 
change  in  the  alignment  between  the  minority  and  the  majority  re- 
ports. Both  reports  have  estimated  breakwaters  running  rrom  here 
outside  of  the  line  of  the  canal  to  prevent  the  cross  winds  from  filling 
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in  this  deep  channel  through  here.  That  is  all  the  difference  that  I 
know  of,  as  far  as  the  line  of  the  canal  is  concerned,  at  the  southern 
terminus. 

Senator  Morgan.  Would  that  breakwater  meet  a  "  norther " 
squarely,  or  would  it  come  in  obliquely  ? 

Mr.  Stevens.  Endwise;  practically  endwise.  A  vessel  entering  the 
channel  by  the  canal  built  according  to  either  report  would  have  a 
wind  dead  astern  so  as  to  have  a  straight  shoot  into  the  channel.  As 
I  understand  the  object  of  this  breakwater,  it  is  not  for  the  protection 
of  the  fehips — ^we  do  not  think  they  need  it — ^but  for  keeping  this  lat- 
eral drift  of  currents  from  closing  up  the  channel. 

Senator  Hopkins.  How  much  excavation  through  that  island  does 
the  minority  report  save? 

Mr.  Stevens.  That  I  could  not  tell  you. 

Senator  Hopkins.  You  do  not  know  how  many  cubic  feet  or  yards 
of  excavation  will  be  saved  ? 

Mr.  Stevens.  My  impression  is  that  it  is  in  the  vicinity  of  a  million 
yards,  although  I  would  not  undertake  to  say  accurately.  Indeed,  I 
have  not  had  access  to  their  figures ;  I  do  not  know. 

Senator  Hopkins.  And  what  is  the  character  of  the  rock  there? 
Are  you  sufficiently  familiar  with  it  to  have  an  independent  knowl- 
edge? 

Mr.  Stevens.  Why^  it  is  a  heavy  coral  rock,  very  hard  as  to 
blasting. 

To  go  along  with  the  sea-level  project,  I  think  they  follow  the  same 
line  right  through,  with  a  40-foot  channel  of  varying  widths.  I  have 
a  table  there  which  gives  the  comparison  of  widths  clear  through  to 
the  south  end. 

Senator  Hopkins.  Both  reports  follow  the  same  route? 

Mr.  Stevens.  Yes,  sir ;  yes,  sir ;  until  you  reach  the  Pacific  end. 

Senator  Hopkins.  Yes.  *^ 

Mr.  Stevens.  If  you  will  allow  me  to  look  now  at  this  end,  this  line 
here  shows  the  location  of  the  canal  as  proposed  and  as  partially  con- 
structed by  the  French.  You  can  see  the  small  railroad  yard  at  the 
little  town  of  La  Boca  back  here,  and  at  this  point  there  is  a  steel  dock, 
which  belongs  to  the  railway  company.  Here  is  La  Boca;  here  are 
the  railroad  yards,  the  swerve  coming  off  of  the  main  line  of  the  rail- 
way. Here  is  Panama,  and  the  little  steel  dock,  as  long  as  my  finger, 
is  shown  very  small  on  this  plan.  This  high  mountain  here  is  what  is 
faiown  as  Ancon,  and  this  one  is  Sosa. 

The  majority  report  favors  doing  this:  Leaving  the  present  line 
near  Miraflores  (Miraflores  is  here),  and  coming  straight  through  the 
marshes  here,  crossing  from  the  high  ground  shown  at  this  point, 
which  is  largely  rock,  and  passing  between  Sosa  and  Ancon,  at  sea 
level  throughout,  making,  I  believe  about  here,  a  slight  angle;  then 
running  out  to  the  40-foot  contour  in  the  harbor,  or  the  7-meter  con- 
tour, at  about  this  point,  placing  one  lock  here  at  Miraflores,  where 
my  finger  is. 

Senator  Gorman.  That  is  the  tide  lock;  that  is  the  only  lock? 

Mr.  Stevens.  That  is  the  tide  lock. 

Senator  Gorman.  How  far  inland  is  that  from  the  present  harbor? 

Mr.  Stevens.  That  would  be  about  8^  miles  from  the  ocean  contour 
line,  the  40-foot  line;  about  4  miles  from  La  Boca.  The  minority 
report  makes  a  change  commencing  at  about  the  same  point,  and 
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comes  through  there,  as  indicated  by  pencil,  like  this :  Leaving  here, 
south  of  Miraflores,  coming  through  and  touching  the  side  of  Ancon 
Hill  here  at  La  Boca,  then  coming  on  and  connecting  with  the  present 
line  of  the  canal  out  here  in  the  harbor,  and  taking  that  line  through. 

Senator  Kittredgb.  What  plan  contemplated  the  alignment  indi- 
cated on  the  map? 

Mr.  Ste\^n8.  There  is  no  plan  that  is  reported  on  that  contem- 
plates exactly  that  alignment.  That  is  the  old  French  plan.  It 
was  the  old  Commission  plan;  it  was  the  De  Lesseps  plan;  it  was 
the  plan  of  the  second  French  company;  and  all  the  work  that  has 
been  done  on  the  west  or  south  side  has  been  done  on  this  line. 

Senator  Gorman.  Where  is  the  first  lock,  in  the  minority  plan,  on 
the  Pacific  side?     How  far  is  that? 

Mr.  Stevens.  The  minority  plan  proposes  to  put  a  dam  across  the 
vallej  as  I  have  indicated  there,  crossing  the  Kio  Grande  just  here 
[indicating]  ;  that  is  the  Rio  Grande;  another  one  from  Sosa  marshes 
across  to  Ancon;  and  still  another  across  from  Ancon  to  the  high 

f'ound  here  shown,  which  is  right  there  [indicating].  That  dam, 
understand,  is  to  raise  the  water  to  an  elevation  of  55  feet,  and  the 
proposed  plan  places  two  locks  where  I  have  indicated  here. 

Senator  Gorman.  At  Ancon  Hill? 

Mr.  Stevens.  At  Sosa  Hill,  that  being  a  rock  foundation,  and 
another  lock  at  or  near  Miraflores.  The  effect  is  that  with  these 
dams  and  these  locks  here  there  will  be  a  certain  area,  estimated  at 
about  8  square  miles,  going  around  here  inside  of  these  dams,  which 
'will  become  a  lake  with  an  elevation  of  55  feet,  and  then  from  Mira- 
flores on. 

Senator  Gorman.  How  much  lake  navigation  would  that  give  be- 
tween those  series  of  locks — the  locks  at  the  dam  and  the  others  ? 

Mr.  Stevtins.  About  4  miles. 

Senator  Kittredoe.  The  lock  at  Miraflores  is  30  feet  high  ? 

Mr.  Stevens.  The  lock  at  Miraflores,  I  understand,  is  aw)ut  30  feet 
high;  yes,  sir. 

Senator  Morgan.  This  is  all  stated  in  the  minority  report. 

Senator  Gorman.  Yes;  I  wanted  to  get  it,  though,  for  my  own 
information.  About  what  would  be  the  elevation  of  Sosa  above  the 
level  of  the  lake,  which  has  an  elevation  of  55  feet? 

Mr.  Stevens.  The  top  of  Sosa  Mountain  ? 

Senator  Gorman.  Yes. 

Mr.  Stevens.  Sosa  must  be  850  feet  above  the  ocean,  so  that  it 
would  be  in  the  neighborhood  of  800  feet  above  the  lake. 

Senator  Gorman.  Is  Ancon  as  high  as  that? 

Mr.  Stevens.  Very  much  higher.  Ancon,  as  I  recollect,  is  about 
600  feet  high. 

Senator  Kittredge.  What  is  the  length  of  the  three  dams  that  you 
have  mentioned  ? 

Mr.  Stevens.  In  the  aggregate? 

Senator  KmREDOE.  The  one  at  La  Boca,  the  one  across  to  Ancon, 
and  the  one  from  Ancon  over  to  this  other  place  on  the  Panama 
Railway. 

Mr.  Stevens.  I  would  have  to  trust  to  my  memory  for  that. 

Senator  IQttredge.  About  what  is  it? 

Mr.  Ste\^n8.  I  should  say  this  dam  here  would  be  about  three- 
quarters  of  a  mile  long;  that  one  would  be  something  less  than  a  half 
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a  mile,  and  the  one  across  here  would  probably  be  about  a  mile  or  a 
mile  and  a  quarter — ^p^ibly  longer. 

Senator  Morgan.  What  is  the  width  of  the  depression  between 
Sosa  and  the  other  mountain  ? 

Mr.  Stevens.  Not  much  over  a  <}uarter  of  a  mile. 

Senator  Morgan.  About  what  is  the  elevation  of  the  canal  above 
the  level  of  the  sea  ? 

Mr.  Stevens.  I  should  say  about  8  or  10  feet. 

Senator  Morgan.  Only  eight  or  ten? 

Mr.  Stevens.  Yes,  sir. 

Senator  Si^imoks.  You  mean  the  space  between  Ancon  and  Sosa? 

Mr.  Stevens.  The  distance  from  here  to  here  [indicating  on  map]. 

Senator  Kittredge.  I  did  not  hear  the  character  of  the  dams  that 
the  minority  report  recommends. 

Mr.  Stevens.  Earthen  dams  throughout. 

Senator  Morgan.  That  canal  will  go  through  a  valley  between  the 
two  mountains  ? 

Senator  Simmons.  Ten  feet  above  the  sea  level  ? 

Mr.  Stevens.  Ten  feet  is  probably  an  exaggeration,  Senator;  I 
would  say  6  or  8  feet. 

Senator  Morgan.  Above  mean  sea  level? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  Let  me  ask  you  just  one  question  there.  At  high 
tide  does  the  tide  run  in  between  those  hills  ? 

Mr.  Stevens.  Xo,  sir. 

Senator  MoHgan.  It  does  not? 

Mr.  Stevens.  But  it  does,  at  extreme  high  tide,  ^o  over  these  flats. 

Senator  Kittredge.  Through  the  valley  of  the  Rio  Grande? 

Mr.  Stevens.  Through  the  valley  of  the  Rio  Grande;  yes,  sir. 

Senator  Gorman.  How  much  of  the  old  French  work  is  abandoned 
by  the  minority  plans?  They  did  a  great  deal  of  work  at  that  end, 
did  they  not  ? 

Mr.  Stevens.  Well,  yes,  sir;  the  minority  plan  abandons  about 
four  miles. 

Senator  Simmons.  The  majoritv  plan  abandons  about  8  miles? 

Mr.  Stevens.  About  8  or  8  J.  \ow,  at  the  other  end,  the  proposi- 
tion of  the  minority  is  to  build  a  dam  across  from  high  ground  to 
high  ground  here  [indicating],  something  after  this  shape,  through 
here  [indicating]. 

Senator  Kittredge.  That  is  in  the  nei^hborhod  of  Gatun  ? 

Mr.  Stevens.  Yes,  sir;  and  through  nere.  As  I  remember,  the 
dam  is  about — well,  say,  in  round  numbers,  7,000  feet — a  mile  and 
a  quarter,  possibly  a  mile  and  a  half,  from  end  to  end,  and  135  feet 
high. 

Senator  Kittredge.  Of  what  material  is  that  dam  to  be  con- 
structed ? 

Mr.  Stevens.  Of  earth.  The  elevation  of  water  proposed  is  85 
feet,  which  would  leave  the  crest  of  the  dam  50  feet  above  the  top  of 
the  water. 

Senator  Kittredge.  Is  that  the  only  dam  on  the  northern  side  of 
the  canal? 

Mr.  Stevens.  Yes,  sir. 

Senator  Kittredge.  They  abandon  tJie  dam  at  Bohio? 
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Mr.  Stevens.  Yes,  sir;  yes,  sir.  Instead  of  making  two  dams,  I 
believe,  as  has  been  sugg^ted,  they  make  it  all  in  one. 

Senator  Morgan.  Ixiat  dam  would  raise  the  level  of  85  feet  to 
Miraflores? 

Mr.  Steit^ns.  To  Miraflores ;  yes,  sir. 

Senator  Morgan.  Clear  across  the  whole  lake? 

Mr.  Stevens.  Yes,  sir. 

Senator  Gorman.  Clear  across  the  ridge  ? 

ilr.  Ste\'ens.  Yes,  sir. 

Senator  Gorman.  Mr.  Stevens,  what  sort  of  a  foundation  have 
they  for  this  proposed  dam  ? 

ilr.  Stevens.  They  have  clay  —  a  mixture  of  clay.  Generally 
speaking,  it  is  clay  down  to  different  depths  from  20  to  200  feet. 
Then  they  strike  what  they  call  indurated  clay,  of  which  we  spoke  the 
other  day,  which  is  to  all  intents  and  purposes  rock.  My  opinion — 
I  presume  you  will  ask  it — is  that  this  clay  is  impervious. 

Senator  Kittredge.  The  clay  is  impervious? 

Mr.  Stevens.  I  think  it  is ;  about 

Senator  Gorman.  Does  the  difference  between  the  majority  and 
the  minority  relate  to  the  safety  of  that  foundation — ^the  very  serious 
difference  of  opinion  there? 

Mr.  Stevens.  The  majority  report,  as  I  remember  it„  does  not 
favor  building  a  hiffh  earth  dam  on  that  foundation.  The  minority 
report  does.  I  thi&  there  is  a  clear  division  of  opinion,  although, 
Discourse 

Senator  Simmons.  How  high  did  you  say  that  dam  was? 

Mr.  Stevens.  185  feet  hign. 

Senator  Gorman.  But  to  go  down  to  the  foundation? 

Mr.  Stevens.  It  is  200  feet,  at  some  points,  to  solid  rock. 

Senator  Kittredge.  How  deep  does  the  minority  recommend  that 
the  foundation  shall  be  laid? 

Mr.  Stevens.  The  minority  recommends  simply  taking  off  the 
detritus  at  the  top  and  building  the  dam  directly  on  this  impervious 
day. 

Senator  Kittredge.  And  how  deep  is  that  below  the  surface? 

Mr.  Stevens.  Oh,  I  suppose,  probably  from  10  to  12  or  15  feet. 

Senator  Gorman.  Not  more  than  that? 

Mr.  Stevens.  Not  more  than  that;  they  recommend  simply  taking 
off  the  accumulated  vegetation.  Senator,  you  might  say. 

Senator  Morgan.  Mr.  Stevens,  as  I  understand  it,  a  vital  point  in 
this  canal  in  which  the  majority  and  the  minority  concur  is  as  to 
building  a  dam  at  Gamboa  to  create  a  great  lake  to  lie  back  of  it? 

Mr.  Stevens.  Yes. 

Senator  Morgan.  That  would  create  a  great  lake  to  lie  back  of 
Gamboa,  without  any  regulation  plan  connected  with  that  dam,  so 
far  as  I  know,  to  control  the  flow  of  water  into  the  canal? 

Mr.  Stevens.  I  do  not  understand  it  quite  that  way.  A  reference 
to  their  report  wiU  show  that.  My  understanding  is  that  the  ma- 
jority report  proposes  to  build  a  dam  across  at  Gamboa  about  where 
my  thumb  is;  this  being  the  line  of  the  canal  [indicating]. 

Senator  Kittredge.  That  is  where  the  Chagres  River  enters  the 
canal? 

Mr.  Stevens.  Where  it  first  strikes  the  valley  which  the  canal  fol- 
lows. 
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Senator  Morgan.  That  is  for  purposes  of  protection? 

Mr.  Stevens.  That  is  to  hold  the  flood  waters  of  the  Chagres  back 
until  they  can  be  drawn  off  by  means  of  regulating  works  built  in  the 
dam. 

Senator  Morgan.  In  the  dam? 

Mr.  Stevens.  Yes. 

Senator  Morgan.  Very  well;  then  I  was  mistaken  about  that. 
Now.  therefore,  the  point  is  that  the  sea-level  men  want  to  protect  the 
canal  against  the  Chagres  River  by  regulation  works  put  in  the  dam  ? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  And  to  hold  the  water  back  against  floods,  con- 
secutive floods,  etc.,  for  that  purpose — for  protection  ? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  The  minority  plan  contemplates  a  lake  from 
Gatun  to  Miraflores? 

Mr.  Stevens.  Yes,  sir;  from  this  point;  from  Miraflores,  over 
here. 

Senator  Morgan.  What  do  they  propose  to  do  with  the  flood  waters 
behind  that  dam  ? 

Mr.  Stevens.  They  do  not  propose  to  build  any  dam. 

Senator  Morgan.  No  dam  at  all ? 

Mr.  Stevens.  No,  sir. 

Senator  Morgan.  Now  I  have  got  it  straight  in  my  mind,  then. 

Mf.  Stevens.  The  elevation  of  the  CTOund  or  the  bed  of  the  river  at 
Gamboa,  at  the  site  of  the  proposed  dam,  is  within  a  foot  or  two  of 
60  feet.  If  you  ilood  this  country  here  to  an  elevation  of  85  feet,  it 
follows  that  you  have  35  feet  of  water,  with  a  lake,  at  the  Gamboa 
dam  site.  That  water,  which  is  dead  water,  will  flow  north  about  as 
far  as  Alhajuela. 

Senator  Gorman.  What  distance  is  that  ? 

Mr.  Stevens.  By  the  river  it  is  10  or  11  miles;  the  valley  line,  of 
course,  is  the  line  you  have  to  figure  on  in  the  dead  water.  It  is  the 
expectation  that  the  flood  waters  would  have  no  effect  whatever  on  the 
canal,  having,  we  will  say,  7  or  8  miles  of  dead  water  between  the 
canal  and  the  limit  of  the  dead  water. 

Senator  Gorman.  What  provision,  then,  is  made  for  the  dry  sea- 
son, when  the  flow  is  not  sufficient? 

Mr.  Stevens.  For  the  canal  ? 

Senator  Gorman.  Yes. 

Mr.  Stevens.  There  is  enough  surface  in  the  lake  to  allow  for  fluc- 
tuations. For  instance,  this  lake  covers,  as  nearly  as  I  can  recollect, 
115  or  118  square  miles.  The  board  have  made  very  elaborate  calcu- 
lations (based,  no  doubt,  on  accurate  scientific  knowledge)  to  the 
effect  that  the  evaporation  will  be  about  so  much;  and,  figuring  on 
the  number  of  locks,  they  estimate  that  they  will  u?e  about  so  much 
water  for  putting  ships  through  the  locks;  so  that  with  an  allowance 
for  possible  seepage  and  power  at  the  locks,  they  estimate  that  they 
will  have  plenty  oi  water  to  carry  them  over  the  dry  season,  with  the 
addition  of  that  part  which  comes  in.  Of  course  there  is  always  a 
flow  coming  in.  There  are  some  very  large  streams,  besides  the 
Chagres,  above  Gatun,  which  will  necessarily  come  into  the  lake. 
They  have  made  very  elaborate  calculations  there,  which  may  or  may 
not  be  correct. 
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Senator  Mobgax.  Do  the  minority  propose  to  put  in  a  dam  at 
Alhajuela? 

Mr.  Stevens.  Not  at  present;  no,  sir. 

Senator  Morgan.  Nor  at  Gamboa  ? 

Mr.  Stevens.  Nor  at  Gamboa.  They  propose  to  put  in  no  dams 
whatever  for  storage  purposes. 

Senator  Morgan.  Tnat  is  the  only  dam  they  put  in  until  they  get 
awav  over  here  [indicating]  ? 

ifr.  Stevens.  Yes,  sir. 

Senator  Morgan.  I  would  like  to  ask  your  opinion,  Mr.  Stevens,  as 
to  whether  water  standing  35  feet  deep  in  this  lake  (which  runs 
clear  through,  as  we  understand)  will  resist  the  flow  of  the  Chagres 
River  to  such  an  extent  as  to  prevent  the  lock  canal  from  being  torn 
up  by  the  power  of  the  Chagres  River?  Here  comes  the  Chagres 
River  down  from  the  mountams  with  a  tremendous  flood — a  40-foot 
flood,  we  will  say ;  that  has  occurred.  That  40- foot  flood  pouring  in 
upon  a  35-foot  elevation  in  the  lake  will  of  course  sweep  it  out? 

Mr.  Stevens.  With  7  or  8  miles  of  dead  water,  my  opinion  is  that 
it  would  lose  its  force  before  it  got  to  the  canal.    That  is  my  opinion. 

Senator  Morgan.  If  it  was  40  feet  high? 

Mr.  Stevens.  It  never  comes  in  one  wave  40  feet  high,  Senator. 
That  is  distributed  over  a  number  of  hours. 

Senator  Morgan.  Yes;  over  a  number  of  hours — about  twelve. 

Mr.  Ste^'ens.  It  is  not  like  a  dam  going;  it  is  not  like  the  Johns- 
town flood,  for  instance.    Nothing  of  that  kind  ever  has  happened. 

Senator  Morgan.  I  was  about  to  suggest  this:  Do  you  think  it 
would  be  advisable  to  make  an  estuary  at  Gamboa  for  the  purpose 
of  containing  any  possible  flood  of  that  sort  that  might  come  down, 
say  to  the  eastward  of  Gamboa  ? 

*Mr.  Stevens.  My  opinion  is  that  it  would  be  unnecessary.  Of 
course  it  would  be  an  additional  insurance. 

Senator  Morgan.  Yes. 

Mr.  Stevens.  But  vou  must  understand  that  the  canal  is  quite 
wide  at  this  point.  My  recollection  is  that  at  Gamboa  you  will  have 
a  basin  the^  probably  a  mile  one  way  and  half  a  mile  the  other 
before  you  get  mto  the  course  of  ships  in  around  here  [indicating]. 

Senator  Morgan.  Yes. 

Mr.  Stevens.  It  ib  not  a  narrow  valley,  you  understand,  by  any 
means. 

Senator  Gorman.  There  is  back  water  in  the  river,  dead  water  in 
the  river,  for  2  miles? 

Mr.  Stevens.  Oh,  for  7  or  8  miles — 8  or  9  miles ;  I  do  not  remem- 
ber just  what  the  distance  is  to  Alhajuela. 

Senator  Morgan.  Then  this  whole  question  can  be  finally  solved 
by  the  engineers  and  constructors  by  enlarging  the  size  of  that 
basin  in  the  event  that  it  is  found  necessary  to  do  so  ? 

Mr.  Stevens.  It  could  be  done,  but  I  do  not  believe  that  contin- 
gency would  arise.    That  is  my  private  opinion. 

Senator  Morgan.  That  is  your  opinion ;  that  is  what  we  want. 

Senator  Gorman.  That  would  practically  give  you  lake  navigation 
three-fourths  of  the  way,  then? 

Mr.  Stevens.  Yes,  sir.    There  is  a  table  here  showing  those  things. 

Senator  Simmons.  What  is  the  distance  from  the  point  over  here 
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where  the  dam  is  to  be,  at  Gatun,  as  you  say,  to  the  other  dam!  I 
mean  the  other  dam  over  here. 

Mr.  Stevens.  This  one  [indicating]  ! 

Senator  Simmons.  Yes;  the  lock  aam  there. 

Mr.  Stevens.  From  here  to  here? 

Senator  Simmons.    To  Gamboa,  over  here. 

Mr.  Stevens.  To  Gatun  ?  < 

Senator  Simmons.  To  Gatun;  yes. 

Mr.  Stevens.  My  recollection  is  that  it  is  something  like  86  miles. 

Senator  Morgan.  Those  distances  are  given  accurate^  in  the  report. 

Mr.  Stevens.  Yes. 

Senator  Morgan.  Now,  on  the  plan  of  the  minority,  all  of  the 
affluents  of  the  Chagres  River,  as  well  as  the  Obispo  and  the  Trinidad, 
are  taken  care  of  as  to  any  flood  waters  by  the  spillway  that  is  to  be 
erected  at  Gatun — ^the  Gatun  dam  ? 

Mr.  Stevens.  That  is  the  minority  plan ;  yes,  sir. 

Senator  Morgan.  They  take  no  care  of  any  streams  with  regard  to 
backing  them  over  their  fountain  sources  or  anything  of  that  sort? 

Mr.  Stevens.  No,  sir. 

Senator  Morgan.  They  let  the  water  run  right  along,  form  lakes, 
and  go  as  high  as  it  will,  with  the  regulation  at  the  Gatun  dam  ? 

Mr.  Stevens.  Yes,  sir.  The  largest  streams  generally  come  in 
miles  from  the  canal,  you  know. 

Senator  Morgan.  I  know  that. 

Senator  Simmons.  Mr.  Stevens,  you  say  that  would  give  35  feet  of 
elevation  clear  across  from  this  dam  to  that  dam  over  there? 

Mr.  Stevens.  That  would  give  something  like  75  or  80  feet  here 
until  you  got  up  here  nearly  to  Gamboa,  in  this  vicinity,  somewhere. 

Senator  Simmons.  It  would  give  you  35  feet  at  the  highest  point  ? 

Mr.  Stevens.  For  navigation  ? 

Senator  Simmons.  Yes. 

Mr.  Stevens.  It  would  give  you  40  feet  everywhere. 

Senator  Simmons.  Forty  feet  everywhere? 

Mr.  Stevens.  Forty  feet  everywhere. 

Senator  Simmons.  Without  any  excavation  ? 

Mr.  Stevens.  Oh,  no ;  oh,  no.  There  would  have  to  be  some  little 
excavation,  starting  in  this  vicinity ;  and  then,  of  course,  there  is  the 
Culebra  cut  throu^  here. 

Senator  Simmons.  That  is  what  I  was  getting  at. 

Senator  Morgan.  You  would  have  excavation  also  between  Gam- 
boa  and  Bohio — trimming  off? 

Mr.  Stevens.  Oh,  yes ;  we  would  have  some  trimming  there. 

Senator  Simmons.  If  you  got  40  feet,  how  much  excavation  would 
there  be  at  these  two  high  points? 

Senator  Hopkins.  The  Culebra  cut,  for  instance  ? 

Mr.  Stevens.  The  Culebra  cut? 

Senator  Hopkins.  Yes. 

Mr.  Stevens.  You  would  have  to  go  to  an  elevation  at  the  bottom 
of  the  canal  of  plus  45,  which  would  be  about,  as  I  recollect  it,  160 
feet  at  the  deepest  point.  Here  is  a  profile  which  was  made  by  the 
Commission. 

Senator  Kittrbdge.  Which  Commission? 

Mr.  Stevens.  The  old  Commission ;  but  it  happens  to  illustrate  to 
a  certain  extent  this  proposition,  with  the  exception  that  the  dam  at 


INTBSTIQATIOX   OF  PANAMA  GAKAL  MATTBBB.  18 

Bohio  is  indicated  on  this  map.  By  the  present  proposition  you  oome 
down  here  to  Gatun.  In  other  words,  this  line  would  be  extended 
through  here  [indicating];  and  this  part  of  the  canal,  plus  47,  is 
within  2  feet  of  the  proposition  of  the  minority  engineers.  In 
other  words,  everything  m  red  above  this  line  would  be  tsiken  away. 

Senator  Gorman.  That  is  the  big  cut? 

Mr.  Stevens.  That  is  the  big  cut. 

Senator  Simmons.  That  is  the  Culebra  cut? 

Mr.  Stevens.  Yes,  sir;  and  under  the  minority  report  the  so- 
called  lake  navigation  will  extend  from  where  my  pencil  is  practically 
through  to  Bas  Obispo,  which  is  here  [indicating]  ;  then  through  cuts 
of  different  widths  to  Miraflores,  which  is  here;  then  there  would  be 
lake  navigation  from  there  to  what  is  called  Panama  La  Boca,  right 
here. 

Senator  Simmons.  Then  this  lake  plan  would  reduce  that  cut  how 
much?  •        ^ 

Mr.  Stevens.  It  would  reduce  the  cut  itself  from  about  one — ^the 
figures  are  there  exactly. 

Senator  Simmons.  IGO  feet,  you  said  just  now. 

Mr.  Ste\'en8.  I  think  it  is  something  like  50,000,000  yards  in  this, 
and  in  the  cut  proper  I  think  it  is  117,000,000. 

Senator  Gorman.  What  are  you  comparing  it  with  now,  the  sea- 
level  project? 

Mr.  Stevens.  The  sea-level  project;  yes,  sir. 

Senator  Hofkins.  Do  you  mean  cubic  yards? 

ilr.  Stevens.  Yes,  sir;  I  may  be  wrong  in  these  figures;  they  are 
given  exactly  in  the  report. 

Senator  Hopkins.  Yes. 

Mr.  Stevens.  With  the  sea-level  plan  and  the  Culebra  cut — assum- 
ing that  the  cut  commences  here  and  ends  here — it  will  go  down  to 
alwut  this  line  here  to  get  40  feet  of  water ;  down  to  this  line  here, 
right  there. 

Senator  Simmons.  What  is  the  difference  between  the  cut  of  the 
sea-level  and  this  lake  plan  ? 

Mr.  Stevens.  In  yards? 

Senator  Simmons.  In  depth. 

Mr.  Stevens.  In  one  case  the  bottom  of  your  canal  is  45  feet  above 
mean  sea  level,  and  in  the  other  case  it  is" 40  feet  below;  there  is  a 
difference  of  about  95  feet. 

Senator  Morgan.  Mr.  Stevens,  I  want  to  ask  you  a  question  if  you 
please,  sir.  The  sea-level  plan  contemplates  or  includes  a  high  dam 
atGamboa? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  With  regulation  works  in  it  to  draw  down  any 
flood  waters  that  might  be  in  the  lake  above? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  Are  those  flood  waters  on  either  plan  carried 
into  the  canal  or  through  the  canal  ? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  Or  above  it  ? 

Mr.  Stevens.  No,  sir;  I  understand  they  are  brought  into  the  canal 
gradually. 

Senator  Morgan.  So  that  all  water  drawn  off  in  the  way  of  regu- 
lation from  the  lake  above  would  have  to  pass  into  the  canal  ? 
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Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  Would  that  not  be  a  soincwliat  risky  proceeding 
in  regard  to  preserving  the  integrity  of  the  canal  itself?  * 

Mr.  Stevens.  Of  course  all  of  those  regulating  works  must  be  built 
of  heavy  masonry.  There  is  no  danger  of  washing  or  scouring,  no 
possibility  of  it;  and  I  should  imagine  that  the  water  would  have  to 
be  discharged  by  separate  months,  so  that  at  no  one  point  would  there 
be  enough  water  brought  in  with  enough  velocity  to  make  currents 
in  the  canal  sufficient  to  affect  the  navigation  of  ships. 

Senator  Kittredoe.  AVhat  sort  of  a  foundation  is  there  to  be  for 
the  dam  at  Gamboa,  according  to  the  report  of  the  majority? 

Mr.  Stevens.  There  is  rock  about  50  feet  below  the  surface  of  the 
ground. 

Senator  Kittredoe.  Is  there  any  difficulty  about  securing  that  sort 
of  a  foundation  ? 

Mr.  Stevens.  Oh,  no;  oh,  no.  You  understand,  Senator,  that  there 
are  different  propositions  which  the  report  does  not  touch  on;  there 
have  been  other  ways  suggested  of  taking  care  of  this  flood  water. 
The  Senator  spoke  the  otner  day  about  the  work  the  engineers  have 
been  doing.  They  had  projects  for  digging  long  tunnels  through 
the  mountains  back  here  to  conduct  the  water  over  to  the  Caribbean 
Sea.  One  survey,  I  think,  was  made  before  my  time  to  take  it  to  the 
Pacific. 

Senator  Hopkins.  Restate  that,  please ;  I  did  not  catch  it. 

Mr.  Stevens.  I  say  that  other  projects,  which  neither  committee 
reports  favorably  on,  contemplated  building  this  very  high  dam  at 
Gamboa  and  flooding  this  water  back;  and  then,  instead  of  letting 
the  water  come  out  into  the  canal  here,  the  plan  was  to  put  long  tun- 
nels through  the  mountains  to  carry  this  water  off  to  the  Cariobean 
Sea  and  to  the  Pacific  Ocean. 

Senator  Hopkins.  Yes. 

Mr.  Stevens.  And  in  one  case,  for  yhich  I  made  a  partial  survey 
last  summer,  what  is  called  the  Dique  cut  (''  Dique  "  is  the  name  of  the 
river),  the  plan  was  to  reverse  the  flow  of  the  river  by  digging  a 
tunnel  through  the  mountains  and  bringing  it  down  into  the  Carib- 
bean Sea — involving,  as  I  recollect,  about  a  20-mile  cut,  some  twelve 
of  fifteen  million  yards. 

Senator  Gorman.  That  was  Wallace's  project,  was  it  not  ? 

Mr.  Stevens.  I  do  not  know  who  originated  that.  I  have  never 
completed  that  survey. . 

Senator  Kitiredge.  The  French  suggested  it;  the  original  plan  was 
worked  upon  by  Mr.  Wallace  and  his  engineers  in  connection  with  a 
whole  lot  of  other  plans. 

Mr.  Stevens.  But  it  would  seem  that  the  majority  of  the  consult- 
ing board  did  not  favor  it.  They  favored  having  the  regulating 
works  directly  at  the  dam. 

Senator  Hopkins.  And  the  minority  plan  provides  against  that  by 
creating  the  lake  there,  and  throwing  the  dead  water  back  here  to 
stop  the  force  of  the  river  ? 

Mr.  Stevens.  Yes,  sir;  and  of  course  that  would  apply  to  all  in- 
fluent streams. 

Senator  Simmons.  What  would  be  the  effect  of  creating  that 
inunense  lake  there  upon  the  health  of  people  on  the  Isthmus  ? 
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Mr.  Ste^-ens.  From  my  point  of  view,  I  do  not  think  it  would 
affect  it.  Senator. 

Senator  Simmons.  Either  beneficially  or  injuriously? 

Mr.  Stevens.  I  do  not  think  so.  I  will  tell  you  why.  Of  course 
being  from  the  North,  as  we  all  are  here,  and  looking  at  the  Isthmus 
as  it  exists,  1  can  not  see  for  the  life  of  me  where  there  are  ever  going 
to  be  any  centers  of  population  in  the  interior  of  the  Isthmus  of  Pan- 
ama— ^not  of  white  people.  There  are  certainly  no  white  people  go- 
ing there  \o  farm.  In  other  words,  the  population  in  the  interior 
after  the  canal  is  built  is  goin^  to  be  as  it  is  now,  possibly  for  years  to 
come.  Of  course  "  forever  "  is  a  long  time ;  but  as  far  as  the  human 
mind  can  predict,  the  population  there  is  going  to  consist  of  natives, 
who  are  practically  immune.  Now,  I  can  not  see  what  great  preju- 
dice a  fresh-water  lake  there  is  going  to  be.  I  will  admit  that  if  you 
create  fresh-water  lakes  near  the  centers  of  population,  particularly 
white  population,  there  is  a  question  of  that  kind. 

Senator  Kittredge.  A  serious  one? 

Mr.  Stevens.  It  is  generally  admitted  bv  all  scientists,  by  our  own 
>urgeons,  and  our  own  physicians — and  1  expressed  my  opinion  of 
their  abilities  very  freely  the  other  day ;  I  think  they  are  first  class — 
that  yellow  fever  and  malaria  are  carried  by  mosquitoes.  Mosquitoes 
breed  in  fresh  wat^.  Therefore,  if  you  create  an  artificial  lake  near 
the  bi^  centers  of  white  population  there  is  tliat  danger  of  breeding 
mosquitoes.  On  the  other  hand,  I  understand — if  my  understanding 
is  right — that  these  mosquitoes  are  not  bred  in  deep"^  bodies  of  fresh 
water.  They  breed  in  marshes,  shallow  places.  I  have  known  them 
to  breed  in  a  wet  sponge  in  my  bath  room. 

Senator  Simmons.  Do  they  not  require  some  protection  of  some 
^o^t — grasses,  or  something  like  that? 

Mr.  STE^^NS.  As  a  rule ;  yes,  sir — dark,  moist  spots. 

Senator  Kittredge.  What  would  be  the  effect  of  these  lakes  up  the 
Chagres  River  and  along  the  route  of  the  canal,  in  regard  to  the  cre- 
ation of  marshes? 

Mr.  Stevens.  I  do  not  think  it  would  have  any  effect  along  the  im- 
mediate route  of  the  canal,  the  track  of  sailing  vessels,  because  they 
do  not  breed  there. 

Senator  Kittredge.  Do  they  breed  at  the  outskirts  of  these  lakes? 

Mr.  Stevens.  I  think  undoubtedly  they  would.  Now,  the  men 
who  worked  for  the  Missouri  River  Commission  told  me  that  along 
south  from  Memphis,  and  north  on  the  Arkansas  River,  mosquitoes 
may  be  the  plague  of  their  lives  when  they  are  tied  up  to  the  banks, 
where  the  water  is  shallow;  but  once  that" they  pull  their  dredges  or 
their  boats  out  into  the  middle  of  the  river  they  get  no  more  mosqui- 
toes. 

And  I  think  it  is  pretty  well  ascertained  that  the  radius  of  a  mos- 
quito's flight  is  very  limited.  Unless  there  is  a  very  heavy  wind 
that  carries  him  away,  I  do  not  think  that  a  mosquito  ever  gets,  I 
should  say,  100  yards  or  200  yards  from  the  place  of  his  birth.  I 
know  that  scientific  men  are  making  experiments  along  those  lines, 
and  as  far  as  I  have  been  able  to  read  up  to  this  time  that  is  their 
conclusion. 

Senator  Dryden.  You  think,  then,  there  would  be  no  danger  to 
people  passing  along  the  canal  ? 
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Mr.  Stevens.  Oh,  I  do  not  think  there  would  be  the  slightest.  I 
do  not  think  that  at  all. 

Senator  Kittredge.  What  is  the  character  of  the  foundation  of  the 
dam  recommended  at  Miraflores  under  the  lock  plan  ? 

Mr.  Stevens.  That  is  rock,  very  near  the  surface.  In  fact,  the 
railway  will  have  to  be  moved  there  for  any  kind  of  a  canal  that  is 
built.  There  is  rock  in  the  vicinity  of  the  locks,  within  two  or  three 
hundred  feet.  There  is.  a  rock  cutting  right  there ;  the  rock  is  at 
the  Surface,  or  very  close  to  it. 

Senator  Kittredge.  And  at  that  point  the  majority  report  recom- 
mends the  construction  of  a  tidal  lock  ? 

Mr.  Stevens.  Yes,  sir. 

Senator  Kittredge.  And  the  minority  report  recommends  the  con- 
struction of  a  lock  for  the  canal,  elevating  it  30  feet  ? 

Mr.  Stevens.  About  30  feet,  as  I  recollect.  In  other  words,  they 
divide  the  85  feet  between  two  locks  at  Sosa  and  one  at  Miraflores. 

Senator  Kjcttredge.  What  sort  of  foundation  can  be  secured  for 
the  dams  in  the  vicinity  of  La  Boca  and  Ancon,  and  from  that  point 
over  to  the  railroad  ? 

Mr.  Stevens.  The  deepest  boring  we  got  there  along  the  site  of 
the  proposed  dam  (and  we  made  a  lot  of  them)  was  65  feet  to  solid 
rock,  and  covering  that  rock  is  clay.  There  is  no  question  whatever 
about  the  character  of  the  foundation — that  is,  as  to  imperviousness. 

Senator  Morgan.  Now,  I  would  like  to  have  Mr.  Stevens  take  up 
the  sea-level  plan — the  majority  report. 

Senator  Gorman.  One  moment,  Senator,  before  you  go  to  that. 
Mr.  Stevens,  tell  me  what  provision  is  made  for  the  disposal  of  the 
silt  and  the  debris  that  washes  down  into  the  ca^al  from  the  Chagres 
River  where  it  enters  the  canal  ? 

Mr.  Stevens.  The  Chagres  River  at  and  above  Gamboa  carries 
very  little  silt.  It  is  a  mountain  stream,  and  even  in  floods — we  had 
quite  a  flood,  or  two  of  them,  before  I  left  there — ^the  water  as  it 
came  down  to  the  railway  through  Gamboa  was  clear.  Below 
Gamboa,  where  we  get  into  the  alluvial  valley,  it  gets  muddy. 

Senator  Gorman.  Yes;  so  that  you  do  not  apprehend  that  it  will 
require  constant  dredging  in  the  prism  of  the  canal  at  that  point  ? 

Mr.  Stevens.  I  should  say  no ;  I  should  say  no. 

Senator  Gorman.  In  that  plan  what  arrangement  have  they  for 
spillways  for  the  prism  of  tne  canal  in  case  there  is  too  great  a 
volume  of  water  in  that  lake?  Is  the  location  such  that  you  can 
relieve  the  canal  by  the  ordinary  spillway  ? 

Mr.  Stevens.  Yes,  sir;  you  can,  in  the  Gatun  dam. 

Senator  Gorman.  Clear  through  in  the  lake  level  ? 

Mr.  Stevens.  It  is  intended  to  regulate  that  entirely  by  sluiceways 
in  the  Gatun  dam. 

Senator  Gorman.  Xot  along  on  the  line  of  the  canal? 

Mr.  Stevens.  No,  sir. 

Senator  Gorman.  Well,  that  is  an  entirely  different  plan  from  any 
other  canal. 

Senator  Morgan.  Now,  I  think,  Mr.  Chairman,  that  we  had  better 
l)ermit  Mr.  Stevens  to  take  up  the  majority  report  and  follow  the 
heads  into  which  it  is  distributed,  and  examine  the  report  all  the  way 
through,  making  such  criticisms  as  he  has  to  make  upon  it,  and  then 


INVESTIGATION   OF   PANAMA  CANAL   MATTERS.  17 

afterwards  have  him  take  the  minority  report  and  give  his  criticisms 
upon  that. 

Senator  Kittredge.  May  I  ask  one  question  before  that  point  is 
reached,  Senator  Morgan.    I  think  the  suggestion  is  a  first-rate  one. 

Senator  Morgan.  Yes^  sir. 

Senator  Kittredge.  Does  the  minority  of  the  Board  of  Consulting 
Engineers  treat  upon  the  question  of  changing  this  canal  from  locks 
to  sea  level  at  a  later  day  ?  I  have  not  yet  nad  an  opportunity  to 
read  it. 

Mr.  Stevens.  The  Board  as  a  whole,  as  I  read  it,  without  any 
division,  are  strongly  of  the  opinion  that  that  is  not  practicable ;  that 
if  a  sea-level  canal  is  ever  to  be  contemplated,  the  time  to  build  it  is  at 
the  start. 

Senator  Gorman.  You  mean  by  that  that  it  is  too  expensive,  do  you 
not,  ilr.  Stevens? 

Senator  Morgan.  Yes ;  they  concur  in  that. 

Mr.  STE^'ENS.  I  have  here  an  excerpt  or  transcript  that  I  made  of 
s-ome  of  their  proceedings  some  time  ago,  which  I  believe  is  embodied 
in  the  reports — a  report  in  which  they  all  agree. 

Senator  Kitiredge.  Is  that  embodied  in  the  minority  report  and 
in  th^  majority  report  as  well  ? 

Mr.  Ste^'ens.  I  think  it  is ;  yes,  sir. 

Senator  Morgan.  Both  the  majority  and  the  minority  signed  it. 

ilr.  Stevens.  It  shows,  according  to  their  figures,  that  it  will  cost 
$246,270,000. 

Senator  Kitiredge.  To  make  the  change? 

Mr.  Ste\t:ns.  To  make  the  chance ;  yes,  sir. 

Senator  Kittredge.  As  I  recollect  the  reading  of  the  majority 
report,  the  85-foot  elevation  was  not  treated  of.  Is  that  right? 
Their  figures  were  upon  the  basis  of  a  60-foot  elevation,  as  I  recollect. 

Mr.  Stevens.  This  extract  which  I  have  here — it  has  been  some 
time  since  I  have  seen  it — says  that  an  estimate  of  the  quantities  and 
costs  for  transforming  a  lock  canal  with  a  summit  elevation  of  85 
feet  to  a  sea-level  canal  amount  to  $246,000,000.  They  have  not 
detailed  it.  It  is  possible  that  in  the  report  there  is  a  comparison  of 
the  cost  of  transiorming  a  lower  lock  canal.  I  do  not  remember 
whether  there  is  or  not.    You  have  the  majority  report  there. 

Senator  Morgan.  Now  if  we  can  take  up  a  methodical  examination 
of  these  reports,  when  we  come  across  one  of  these  questions  we  will 
have  the  figures  right  before  us. 

The  Chair31an.  Senator,  as  we  have  started  in  with  the  minority 
report,  perhaps  we  had  better  finish  that  and  then  take  up  the  other. 
We  have  started  in  with  Mr.  Stevens,  on  the  minority  report;  so 
perhaps  he  had  better  go  along  with  that  and  finish  it. 

Mr.  Stevens.  There  was  one  question,  if  you  will  allow  me — ^I 
assume  you  want  all  the  light  there  is 

Senator  Hopkins.  Yes. 

Senator  Morgan.  We  do. 

Mr.  Stevens.  I  do,  myself.  I  am  seeking  for  light,  and  any 
opinion  I  have  so  far  is  only  made  up  from  impressions  and  the  data 
that  has  gotten  in  my  brain  so  far.  You  spoke  about  taking  care  of 
the  flood  waters  by  nieans  of  the  regulating  works  at  the  Gatun  dam. 
That  is  the  plan  of  the  minority ;  but  I  am  not  clear  as  to  whether  or 
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not  that  is  the  place,  in  case  a  dam  of  that  size  is  built,  where  the 
regulation'  could  be  effected,  up  here  on  the  Trinidad  River,  which 
comes  in  here  from  the  west.     Here  is  the  canal. 

Senator  Gorman.  How  far  is  that  from  the  dam — about  what  dis- 
tance? 

Mr.  Ste\tbns.  The  Trinidad  River  comes  in  about  four  miles  above 
the  dam.  Now,  going  up  that  stream,  which  has  very  little  rise — I 
have  been  up  there  several  times  with  a  small  launch — going  up  there 
about  five  or  six  miles  farther  there  is  a  depression  in  the  hills  between 
there  and  the  Caribbean  Sea.  I  sent  some  men  up  there  to  take  the 
elevation  and  make  an  examination  of  the  country,  and  it  was  made 
very  lately,  but  I  know  this :  That  the  top  of  that  pass  is  only  27  feet 
above  the  top  of  the  dam  here.  That  is  through  natural  ffround ;  and, 
I  think,  although  I  have  not  drilled  it,  that  it  is  rock.  Now,  my  own 
opinion  is,  that  before  I  will  permit  myself  to  put  in  these  spill  works 
here,  I  should  examine  that  very  closely ;  and  ii  it  is  as  I  expect  to  find 
it,  I  would  plan  to  put  my  regulating  works  at  the  head  of  that 
stream.  That  would  oe  a  similar  proposition  to  the  old  Gigante  spill- 
wav  of  the  old  Commission. 

Senator  Morgan.  Yes — the  same  thing.  Now,  if  you  were  building 
a  dam  at  Gatun,  could  you  dam  the  Chagres  at  Trinidad — ^is  tl^at  the 
name  of  the  river? 

Mr.  Stevens.  You  would  not  need  any  dams  on  the  Trinidad  at  all. 
This  water  would  back,  you  know,  to  within  27  feet  of  the  top  of  this 
pass.  You  would  merely  make  your  cut  right  through  there,  and  put 
your  regulating  works  there,  and  keep  them  away  from  the  dam. 

Senator  Morgan.  I  am  speaking  about  a  diversion  of  the  Chagres 
for  the  purpose  of  building  a  dam  at  Gatun. 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  Could  that  diversion  be  made  through  Trinidad? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  And  that  is  4  miles  above  the  dam  at  Gatun? 

Mr.  Stevens.  By  the  river  line  it  would  be  probably  8  miles.  It  is 
some  distance  up  to  Trinidad. 

Senator  Morgan.  Yes,  sir.  In  any  event  such  a  diversion  at 
Trinidad  would  be  a  relief  to  the  work  of  the  Gatun  dam,  even  if  it 
did  not  entirely  complete  the  diversion  ? 

Mr.  Stevens.  It  would  be  simply  a  transference  of  the  regulating 
works  needed  for  controlling  the  level  of  the  big  lake.  Instead  o{ 
putting  it  through  the  dam,  you  put  it  through  the  natural  ground. 

Senator  Morgan.  I  neverheard  of  that  ^fore,  but  it  looks  very 
nice. 

Mr.  Stevens.  Yes.  In  making  some  reconnoissance  through  there, 
I  think  in  defining  the  Zone  line,  I  found  there  was  a  pass  through 
there,  and  I  had  it  examined  with  that  in  view. 

Senator  Gorman.  What  about  the  other  end,  as  to  the  Chagres 
River?  You  bring  the  water  into  the  canal  about  the  center  of  it. 
TMiat  about  the  spillway  at  the  other  end  ? 

Mr.  Stevens.  They  do  not  propose  to  make  any  spillway  there  at 
all.    The  water  all  corned  through  from  the  north. 

Senator  Simmons.  Mr.  Stevens,  I  understood  you  to  say  that  that 
lake  would  flood  about  118  square  miles  of  territory.  That  would 
involve,  of  course,  flooding  a  large  amount  of  territory  outside  of  the 
Canal  Zone? 

Mr.  Stevens.  Yes,  sir. 
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Senator  Simmons.  You  do  not  know  how  much  ?  • 

Mr.  Stevens.  The  minority  report  makes  an  estimate  of  that. 

Senator  Simmons.  All  of  that  would  have  to  be  paid  for  by  the 
Government? 

Mr.  Stevens.  Yes,  sir;  as  I  say,  the  minority  report  contains  an 
estimate  of  that 

Senator  Simmons.  I  have  not  seen  the  report  at  all. 

Mr.  Stevens.  Yes,  sir ;  and  what  I  am  about  to  state  is  altogether 
a  coincidence,  because,  you  understand,  I  knew  nothing  about  either 
of  these  reports.  In  a  general  way  I  knew  that  the  newspapers  said 
that  there  was  a  division  in  the  board ;  but  in  my  spare  time  from  my 
other  duties  I  gave  considerable  time  and  interest  to  this  matter,  and 
that  idea  was  one  of  the  first  that  occurred  to  me — whether  the  plan 
of  a  big  dam  at  Gatun  would  not  flood  so  much  valuable  territory, 
miUions  and  millions  of  dollars'  worth  of  property,  as  to  be  out  of 
the  question. 

But  taking  the  Zone  map,  and  taking  the  United  States  owner- 
>hip.  and  incUiding  the  Panama  Railroad  ownership,  I  figured  that 
putting  the  value  of  the  land  as  high  as  I  possibly  could,  stretching 
my  conscience  to  that  extent — mind  you,  if  I  were  buying  there  T 
would  not  pay  any  such  prices — it  would  be  necessary  to  acquire 
not  to  exceed  $300,000  worth  of  privately  owned  tracts;  and  I  find 
that  the  minority  report  have  the  same  figures,  although  how  they  ar- 
rived at  them  I  do  not  know. 

Senator  Morgan.  I  would  like  to  remark  that  the  treaty,  as  I 
understand  it,  settles  all  these  questions  by  fixing  the  value  of  all 
property  that  is  condemned  at  its  value  before  the  improvements  were 
commenced. 

Senator  Hopkins.  Yes;   the  treaty  protects  us  in  that  respect. 

Senator  Morgan.  Yes.  That,  of  course,  is  a  mere  bagatelle;  and 
I  would  like  to  make  this  statement :  That  if  there  is  any  way  in  the 
world  to  flood  out,  decently,  those  little  villages  along  on  the  Chagres 
River,  I  would  like  very  much  to  do  it.  I  do  not  want  any  people 
in  there  except  the  ones  that  are  working  on  this  canal. 

Senator  Hopkins.  Well,  Senator  Simmons,  as  I  understand  what 
the  treaty  provides,  it  is  this :  Taking  the  amount  of  territory  out- 
side of  the  Zone  that  will  be  flooded,  in  determining  the  value  of  that 
territory  between  our  Government  and  the  Panama  Government,  the 
value  of  that  land  before  this  canal  is  touched  is  the  value  that  will 
be  fixed  upon. 

Senator  Simmons.  That  part  of  it  which  is  covered  with  water 
will  have  no  value.  Senator. 

Senator  Hopkins.  No;  but  we  take  it,  and  wo  pay  for  it 

Senator  Si3imons.  You  buy  it  absolutely. 

Senator  Hopkins  (continuing).  We  pay  for  it  on  a  valuation  prior 
to  any  improvements  at  all. 

Senator  Simmons.  Then  you  have  to  consider  the  question  of  what 
is  the  effect  of  that  flooding  upon  the  abutting  land. 

Senator  Hopkins.  Oh,  yes. 

Senator  Simmons.  That  will  be  another  question. 

Senator  Morgan.  I  venture  to  suggest  that  before  this  committee 
get  very  far  into  this  subiect  they  will  be  very  glad  of  any  opportu- 
nity to^  remove  the  people  froni  those  villages  along  the  Chagres 
River. 
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The  Chairman.  Senator,  I  think  the  lake  itself  will  remove  the 
people.    Is  not  that  correct,  Mr.  Stevens  ? 

Mr.  Stevens.  Undoubtedlv. 

The  Chairman.  They  will  all  have  to  go  away.  They  have  no 
rights  there,  as  I  understand  it. 

Senator  Hopkins.  However,  as  Mr.  Stevens  has  said,  we  have  the 
estimate  both  of  himself  and  of  the  minority  that  it  will  be  about 
$300,000,  which  is  a  mere  bagatelle  when  you  consider  the  other 
expenditures. 

The  Chairman.  If  you  saw  the  conditions  down  there  you  would 
think  Mr.  Stevens's  estimate  was  large  enough. 

Mr.  Stevens.  The  greater  part  of  the  land  is  a  marsh.  People 
have  been  there  that  we  know  of — our  records  go.  back  there  four 
hundred  years;  and  I  do  not  believe  that  to-day  there  is  on  the  Canal 
Zone,  outside  of  the  little  towns  and  the  railroad  right  of  way,  the 
equivalent  of  two  square  miles  of  cleared  land. 

Senator  Simmons.  Mr.  Stevens,  I  want  to  ask  you  this  question: 
Beyond  the  flood  line  of  this  lake  is  there  any  settlement?  Would 
there  be  any  settlements  out  there  ? 

Mr.  Stevens.  There  are  none  now,  unless  you  go  up  the  streams. 
I  imagine  there  are  some  there.  I  never  have  been  away  up  very 
many  of  them. 

Senator  Gorman.  Mr.  Stevens,  I  see  that  the  minority  report,  on 

f)age  29,  states  that  the  118  square  miles  of  lake  surface,  on  their 
ocK  plan,  will  require  the  acquisition  of  20,480  acres  of  private 
ownership,  and  that  the  average  cost  of  the  land  will  be  $t.70  an 
acre. 

Mr.  Stevens.  Yes. 

Senator  Gorman.  That  is  rather  insignificant.  You  would  be  com- 
pelled, according  to  this  statement,  to  purchase  land  in  either  case — 
with  either  a  lock  or  a  sea-level  canal. 

Mr.  Stevens.  At  the  bottom  of  that  page  you  will  notice,  Senator, 
that  they  say : 

An  approximate  estimate  may,  therefore,  be  based  on  the  price  per  acre  paid 
by  the  Canal  Company  for  the  whole  area  it  acquired,  and  such  an  estimate 
would  be  38.400  acres  at  $7.70  per  acre,  making  the  total  cost  $295,680,  or,  in 
round  numbers,  $300,000.  While  the  actual  cost  is  likely  to  exceed  this  some- 
what no  better  data  for  an  estimate  exists.  It  would  be  neither  good  Judgment 
of  values  nor  to  the  interests  of  the  United  States  to  submit  an  extravagant 
figure. 

Of  course  an  estimate  of  that  kind  must  necessarily  be  very  ap- 
proximate. 

Senator  Gorman.  .Yes. 

Senator  Morgan.  Now  will  the  committee  take  up  first  the  majority 
or  the  minority  report  ? 

The  Chairman.  As  Mr.  Stevens  has  been  talking  about  the  mi- 
nority report,  would  it  not  be  better  to  finish  that? 

Senator  Morgan.  Had  we  not  better  ask  Mr.  Stevens  to  take  it  con- 
secutively, commencing  out  in  the  Bay  of  Limon  and  going  right 
along,  and  let  him  state  any  difficulties  there  are  of  an  engineering 
sort  or  any  possibilities  that  in  his  opinion  may  prevent  the  canal 
being  built  on  the  plan  suggested  in  the  minority  report  ? 

The  Chairman.  Yes,  sir. 

Senator  Morgan.  Now,  Mr.  Stevens,  please  take  up  that  minority 
report  and  go  through  it  oy  heads  in  your  own  way. 
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Mr.  Stevens.  The  minority  report  contemplates  starting  at  the 
45-foot  hne  (it  is  7^  fathoms;  I  think  that  is  42  or  45  feet)  in  the 
outer  harbor,  about  where  my  ruler  lies,  and  excavating  a  channel  500 
feet  in  width. 

Senator  Morgan.  Is  that  wide  enough? 

Mr.  Ste\'en8.  With  a  straight  entrance  like  that,  I  should  say  j^es — 
with  no  cross  winds. 

Senator  Morgan.  Go  ahead. 

Mr.  Stevens.  Then  following  this  line  [indicating],  passing  this 
point,  striking  the  old  canal  here,  and  following  this  canal  through  to 
Gatun  and  to  this  point  [indicating]. 

Senator  Kj:ttredge.  You  say  "  striking  the  canal  here?  " 

Mr.  Stevens.  I  mean  the  present  canal. 

Senator  Kittredge.  You  mean  at  the  mouth  of  the  Mindi  River  ? 

Mr.  Stea-ens.  Above  the  mouth  of  the  Mindi  River ;  about  here,  as 
I  recollect  it :  about  here  they  swing  off.  • 

Senator  Kittredge.  How  far  is  that  from  the  mouth  of  the  Mindi  ? 

Mr.  Stevens.  The  mouth  of  the  Mindi  is  right  there ;  it  is,  say,  half 
a  mile  at  the  nearest  point  of  the  curve  600  feet  in  width  from  this 
point  here  to  Gatun.  As  I  recollect  now,  there  is  some  doubt  in  their 
minds  whether  it  w^ill  be  necessary,  but  for  the  purpose  of  comparison 
with  a  sea-level  canal  they  put  in  $5,000,000  for  breakwaters  on  each 
side  of  this  channel — parallel  with  it — ^these  breakwaters  to  be  built 
in  case  the  experience  m  the  next  four  or  five  or  six  years  shows  them 
to  be  necessary.  Of  course  they  could  be  built  at  any  time.  It  is  a 
question  whether  a  channel  excavated  along  the  line  that  their  report 
contemplates  could  be  kept  open  without  constantly  dredging  at  high 
expense — that  is,  keeping  dredges  at  work  there  all  the  time — but  the 
opmion  of  the  entire  board  is  that  with  this  jetty  or  breakwater  it 
could  be  done. 

Senator  Simmons.  That  would  be  excavation  through  solids  from 
Avhere  you  leave  the  Bay  of  Limon,  would  it  not  ? 

Mr.  Stevens.  From  this  point  [indicating]  ? 

Senator  Simmons.  Yes. 

Mr.  Stea-ens.  Oh,  yes;  the  excavation  is  through  swamps  until 
you  get  up — away  up  to  San  Pablo. 

Senator  SiM3fONS.  I  am  talking  about  the  500-foot-wide  excava- 
tion. I  say  that  would  be  through  solids,  would  it  not,  from  the  Bay 
of  Limon  to  that  point  which  you  mentioned  there  ? 

Mr.  Stevens.  Here  [indicating]  ? 

Senator  Simmons.  ^  es. 

Mr.  Ste\'en8.  Why,  it  would  be  earth,  clay,  sand,  etc. ;  the  alluvial 
matter  that  has  been  brought  down  by  the  river  here  for  ages.  Now, 
at  Gatun 

Senator  Morgan.  Before  you  get  there,  if  you  please,  I  want  to  ask 
you  just  one  question.  A  ship  entering  the  canal  would  keep  that 
breakwater  on  its  starboard  side  ? 

Mr.  Ste\ten8.  Yes,  sir.    • 

Senator  Morgan.  The  whole  length,  coming  into  the  coast? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  iGroing  out,  of  course,  it  would  be  on  the  larboard 
side? 

Mr.  Stevens.  On  the  port  side — ^yes,  sir.  Therefore  they  will  have 
a  500-foot  channel  up  to  Gatun.    At  this  point  is  the  location  of  the 
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proposed  high  dam.  This  dam  is  to  be  135  feet  high,  or  50  feet  above 
the  level  of  the  water  in  the  proposed  lake.  That  50  feet,  as  I  under- 
stand, is  simply  to  give  more  weight  and  solidity  to  the  dam.  It  is 
a  grave  question  in  my  mind  whether  all  of  that  is  needed  or  not. 
However,  that  is  merely  an  opinion.  This  dam  is  to  be,  on  the  base, 
about  2,700  feet  in  width,  about  one-half  mile  up  and  down  the 
stream. 

Senator  Morgan.  That  is,  a  cross  section  of  the  dam? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  At  the  level  of  the  water? 

Mr.  Stevens.  Xo  ;  at  the  bottom. 

Senator  Morgan.  I  mean  at  the  bottom. 

Mr.  Stevens.  At  the  level  of  the  water  my  recollection  is  that,  it 
is  374  feet.  You  see.  I  have  no  plans  yet;  I  only  have  their  general 
description  in  my  head. 

•Senator  Ankeny.  What  is  the  foundation  of  the  dam  ? 

Mr.  Stevens.  Clay — an  impervious  clay. 

Senator  Ankeny.  That  is  sufficient,  is  it? 

Mr.  Stevens.  Yes,  sir;  in  my  opinion  it  is.  That  dam  contains, 
as  I  recollect,  about  2,100,000,000  yards  of  material;  and  it  is  pro- 
posed to  build  it  out  of  earth. 

Senator  Kittrbdge.  Is  the  foundation  to  be  of  earth  ?  You  are  to 
go  l)elow  the  surface  of  the  water,  of  course,  for  your  foundation  ? 

Mr.  Stevens.  We  will  simply  take  off  the  detritus,  the  vegetable 
accumulation,  and  go  down  to  where  it  is  absolutely  firm — just  as  if 
you  were  going  to  build  a  wall  down  here  in  the  woods;  you  would 
dig  off  the  muck  and  the  loose  stuff  until  you  got  down  to  absolutely 
firm  soil. 

Senator  Kittredge.  And  then  you  would  pile  in  the  dirt  ? 

Mr.  Stevens.  Then  we  would  commence  to  put  in  the  dirt;  yes,  sir. 

Senator  Kittredge.  And  that  is  all  there  is  to  be  done  in  reference 
to  the  foundation? 

Mr.  Stevens.  That  is  all  there  is  to  be  done  in  reference  to  the 
foundation.  This  dam,  as  I  say,  will  be  half  a  mile  thick  at  the  base, 
and  875  feet  thick  at  the  water-level.  The  construction  that  is  pro- 
posed for  that  is  not  to  pile  that  dirt  in  there  largely  from  railroad 
trains,  but  to  take  it  from  the  mass  that  is  excavated  here  by  dredges, 
bring  it  up  to  that  point,  and  pump  it  with  hydraulic  pumps  from  the 
barges,  or  drop  it  into  a  basin  and  pump  it  from  there  into  the  dam. 
There  are  two  reasons  for  that,  both  very  good  ones.  One  is  that  this 
material  must  be  disposed  of  in  any  case ;  if  not  put  into  some  works 
like  this,  it  must  be  taken  out  to  deep  sea  and  dropped. 

Another  is  that  a  bank  can  be  made  very  much  more  solid  in  everj^ 
way,  with  practically  no  shrinkage,  by  mixing  it  with  water  as  you 
are  putting  it  in.  In  other  words,  the  material  puddles,  and  the  clay 
with  very  little  mixture  of  sand,  which  obtains  through  here,  would 
be  an  ideal  quality  of  material  for  that  construction.  At  the  same 
time,  I  have  suggested  to  our  people  that  in  case  such  construction 
is  carried  out,  a  certain  part  of  the  dam  can  just  as  well  be  made  of 
material  from  the  Culebra  cut,  brought  down  in  trains  and  run  on 
and  allowed  to  mix  with  this  material,  so  that  it  will  all  become 
puddling. 

I  know  from  my  own  experience  that  a  bank  built  largely  out  of 
material  cast  up  with  shovels,  put  in  with  .wheelbarrows,  or  dropped 
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from  railroad  trains,  will  settle  for  years  to#come;  but  I  know,  on 
the  other  hand,  that  material  of  this  nature,  put  in  with  pumps, 
whore,  we  will  say,  that  the  material  as  it  goes  into  the  bank  is  com- 
posed of  about  five  or  six  parts  of  water  to  one  of  earth,  becomes  the 
hardest  and  solidest  bank  it  is  possible  for  man  to  build ;  and  that 
as  a  rule  banks  built  of  that  material  in  that  manner  are  just  as  solid 
as  any  mountain  that  the  Lord  made  of  the  same  material.  Do  you 
see  what  I  mean  ? 

Senator  Gorman.  That  puddling  of  ordinary  material  I  know  ap- 
plies to  clay,  but  does  it  apply  to  the  material  dredged  out  down  there  ? 

ilr.  Stevens.  Yes,  sir ;  the  material  that  is  dredged  is  largely  clay. 

Senator  Morgan.  The  mountains  were  made  in  the  same  way  by 
deposits  from  water? 

Senator  Simmons.  But  you  suggest  a  mixture  of  some  clay  from 
the  Culebra  cut  with  that  ?" 

Mr.  Stev-ens.  That  is  simply  on  the  score  of  economy.  We  will 
hare  a  large  amount  of  stuff  to  deposit  in  any  case  that  w  ill  have  to 
be  hauled  somewhere  in  this  vicinity. 

Senator  Simmons.  Not  because  it  is  necessary  ? 

Mr.  Stevens.  No,  sir;  not  because  it  is  necessary,  but  simply  from 
the  cost  of  construction. 

So  much  for  the  dam.     Are  there  any  more  questions  about  that  ? 

Senator  Morgan.  Have  j-ou  perfect  confidence,  Mr.  Stevens,  as  an 
engineer,  in  the  practicability  of  that  dam,  both  in  respect  of  the  work 
of  putting  it  in  and  of  its  steadfastness  against  all  possible  pressure 
from  the  Chagres  waters  in  the  future  ? 

Mr.  Stevens.  As  far  as  the  question  of  pressure  is  concerned,  I  do 
not  think  that  admits  of  any  discussion.  Taking  the  depth  of  water 
and  the  weight  that  will  be  imposed  against  it  at  the  bottom,  it  is 
^omething  like  one-sixtieth  or  one-seventieth  of  the  weight  of  the 
mass;  and  it  would  be,  in  my  opinion,  like  one  of  us  going  out  here 
and  undertaking  to  push  this  wing  of  the  Capitol  away  from  the  main 
body  of  the  building. 

Senator  Morgan.  If  you  had  your  choice  between  putting  in  at 
that  place  such  a  dam  as  is  mentioned  in  the  minority  report  liere  in 
great  detail,  and  a  dam  of  cut  stone  with  rock  foundations,  if  such  a 
rock  foundation  could  be  had,  which  would  you  prefer? 

Mr.  Stevens.  I  would  prefer  the  earthen  one-^-this  one. 

Senator  Hopkins.  Give  your  reasons  for  that. 

Mr.  Stevens.  In  the  first  place,  I  think  the  earthen  dam,  particu- 
larly if  built  of  the  dimensions  they  propose,  could  not  be  compared 
in  strength  with  any  other,  because  it  is  absolutely  so  strong  that  no 
power  could  ever  move  it.  It  is  like  killing  a  duck ;  when  you  kill 
Kim  he  is  dead ;  there  is  no  use  in  trying  to  kill  him  any  "  deader.'' 
If  he  is  dead  he  is  dead. 

Senator  Dri-den.  Mr.  Stevens,  you  say  this  dam  is  about  half  a  mile 
in  length  across  the  cut? 

Mr.  Stevens.  I  mean  thick,  against  the  water  at  the  base. 

Senator  Dryden.  How  long  would  it  be  ? 

Mr.  Stevens.  The  dam  is  about  7,000  feet,  I  will  call  it,  across  the 
valley. 

Senator  Dryden.  A  mile  and  a  half. 

Mr.  Stevens.  Yes,  sir. 

Senator  Simmons.  And  375  feet  wnde  at  the  water? 
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Mr.  Stevens.  That  is  my  recollection,  at  the  water  level ;  yes. 

Senator  Morgan.  Let  me  ask  you  whether  the  length  of  that  dam 
would  not  so  distribute  what  we  call  the  pressure  of  the  water  as  to 
make  the  dam  of  still  greater  resistance  to  the  whole  mass  of  the 
lake  than  if  it  was  a  short  dam  ? 

Mr.  Stevens.  No,  sir.  Water  pressure  varies  in  proportion  to  its 
depth.  In  other  words,  an  inch  of  water  at  a  given  height  will  give 
the  same  pressure  as  if  it  was  a  mile  long.  Taking  the  weight  of  a 
column  of  water,  to  get  the  pressure  at  the  bottom,  you  can  multi- 
ply it  by  four-tenths.  In  other  words,  in  the  case  of  a  column  of 
water  100  feet  high,  you  get  a  pressure  of  43  pounds  a  square  inch  at 
the  bottom. 

Senator  Morgan.  I  think  you  have  expressed  a  doubt  as  to  the 
plan,  or  as  to  the  practicability,  or  as  to  the  usefulness  of  the  spill- 
way at  the  western  end  of  that  dam.  Have  you  any  suggestions  to 
make  in  regard  to  that  spillway  ? 

Mr.  Stevens.  There  is  one  point  that  may  not  be  quite  clear  here; 
I  think  I  can  explain  it  without  pointing  it  out  on  the  map,  for  you 
would  not  see  it  if  I  did.  About  midway  of  the  valley,  between  two 
or  three  channels  of  the  Chagres  River,  and  what  I  call  the  old 
French  diversion  that  they  undertook  to  build  there,  one  of  the  chan- 
nels, Uiere  is  high  ground  that  runs  up  nearly  to  the  top  of  the  dam; 
and  it  is  on  this  natural  ground  that  it  is  proposed  to  build  the 
spillway ;  not  through  the  artificial  dam.  That  was  one  of  the  strong 
points,  as  I  understand — or  as  I  infer,  rather;  I  did  not  understand 
anything  about  it;  I  do  not  know  what  controlled  them — ^in  favor  of 
building  the  dam  at  that  point.  There  is  a  detached  mountain  which 
forms  a  part  of  the  dam.  The  top  is,  generally  speaking,  about  the 
height  of  the  dam  as  proposed,  and  at  that  point,  through  this  natural 
ground,  the  minority  of  the  board  propose  to  build  their  regulating 
works. 

Senator  Morgan.  You  propose,  then,  to  dig  this  spillway  right 
through  that  mountain  ? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  Leaving  out  the  spurs  on  either  side? 

Mr.  Stevens.  Yes,  sir. 

Senator  Simmons.  It  is  to  be  a  part  of  the  dam? 

Mr.  Stevens.  It  is  to  be  a  part  of  the  dam. 

Senator  Morgan.  Do  vou  know  anvthing  about  the  stratification  in 
that  hill? 

Mr.  Stevens.  Oh,  yes;  it  is  the  same  as  the  balance.  It  has  been 
bored  all  over.     It  is  very  largely  indurated  clay. 

Senator  Morgan.  You  have  a  commodity  down  there  that  all  the 
engineers  call  indurated  clay  ? 

Mr.  Si'EVENs.  Yes.  sir. 

Senator  Morgan.  What  is  it  ? 

Mr.  Stevens.  I  think  it  is  what  geologists  call  tufa. 

Senator  Morgan.  Ejected  from  volcanoes? 

Mr.  Stevens.  The  definition  of  tufa  is  that  it  may  be  made  either 
by  the  action  of  heat  or  by  water;  but  I  think  that  is  wrong.  My 
own  impression  is  that  that  particular  material  is  made  by  the  action 
of  water,  and  then  afterwards  hardened  by  heat,  having  been  sub- 
jected to  terrific  heat. 
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Senator  Hopkins.  Mr.  Stevens,  I  wish  you  would  indicate  on  the 
map  there  just  where  th^  dam  is  and  where  the  spillway  is  to  be. 
senator  Simmons.  Suppose  he  marks  it. 
Senator  Hopkins.  Yes ;  then  we  can  see  where  it  is  to  be. 
Senator  Simmons.  I  think  if  we  had  that  dam  marked  on  there  it 
would  help  us  here  very  much. 

Mr-  Ste\'ens.  Approximately,  across  there  [indicating  by  mark- 
ing].    Here  is  the  little  mountain  that  I  speak  of. 

Senator  Hopkins.  That  is  the  mountain  you  speak  of,  where  the 
srpillwav  is  to  be  ? 

Mr.  Stevens.  Yes,  sir. 
Senator  Hopkins.  Oh,  yes;   I  see. 

Mr.  Stevens.  Then  the  dam  goes  acr9ss,  I  think,  about  on  that  line, 
across  the  high  ground  over  here. 

Senator  Kittredge.  Is  it  diagonally  across  the  river? 
Mr.  Ste\'ens.  Well,  it  is  not  a  straight  line.     Yes;   it  crosses  the 
little  channel  diagonally. 

Senator  Hopkins.  At  what  point  of  the  dam  is  the  spillway  to  be 
made? 
Mr.  Stevens.  About  here  [indicating]. 

Senator  Morgan.  The  extreme  western  terminus  of  that  dam  is  in 
a  ridge  ? 

Mr.  Stevens.  Yes,  sir:  over  here.     Yes;  these  mountains  extend 
there  and  back.     They  form  the  crest  between  the  waters  of  the 
Trinidad,  which  comes  in  here,  and  the  ocean. 
Senator  Morgan.  It  is  that  ridge  ? 
Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  Now,  let  us  get  to  the  other  end  of  that  dam. 
At  the  other  end  are  the  locks? 
Mr.  Ste\'ens.  The  proposed  locks  are  right  through  here. 
Senator  Morgan.  Are  those  locks  at  the  extreme  eastern  end  of  the 
dam? 
Mr.  SiEVENS.  Yes.  sir. 

Senator  Morgan.  Or  does  the  dam  extend  beyond  them? 
Mr.  Ste\'ens.  They  are  just  outside  of  the  eastern  end  of  the  dam. 
Senator  Morgan.  Just  outside  ? 
Mr.  Ste\'ens.  Yes,  sir. 

Senator  Morgan.  Between  them  and  the  hills? 
Mr.  Stevens.  They  are  on  the  hills.     The  high  lock,  of  course, 
would  be  on  the  hills. 

Senator  Morgan.  Those  locks,  if  I  correctly  understand  it,  are  in 
three  flights  ? 
Mr.  Stemsns.  That  is  recommended;  yes,  sir. 
Senator  ICittredge.  Where,  with  reference  to  the  railway  station  at 
Gatun.  does  the  dam  cross  the  valley  ? 
Mr.  Stevens.  Of  course  it  covers  the  whole  station. 
Senator  Kittredge.  I  understand ;  but  the  southern  side  of  it  ? 
Mr.  Stevens.  The  center  of  the  mass  of  the  dam  would  probably 
be  a  little  south  of  the  present  railway  station. 

Senator  Kittredge.  Do  you  know  where  the  home  of  the  mayor  of 
Colon  is? 
Mr.  Ste\'EN8.  Up  on  top  of  the  hill  ? 
Senator  Kittredge.  Yes,  sir. 
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Mr.  Stevens.  Yes ;  I  do  not  recall  his  name — Sylvia  is  it  not  ? 

Senator  Kittredge.  I  do  not  recall  that.  . 

Mr.  Stevt:ns.  I  do  not  recall  his  name  now. 

Senator  Kittredge.  Wliere,  with  reference  to  his  home,  is  the  east- 
ern extremity  of  the  dam  ? 

Mr.  Stevens.  Right  there  [indicating]. 

Senator  Kittredge.  And  a  lock  just  beyond? 

.Mr.  Stevens.  The  locks  would  be  right  there  at  his  house — iright 
on  top  of  that  hill. 

Senator  Kittredge.  At  what  angle  does  the  dam  cross  the  river  ? 

Mr.  Stevens.  That  is  very  hard  to  say.  Of  course,  it  crosses  the 
valley  at  right  angles,  but  the  little  channel 

Senator  Kiitredge.  That  is  what  I  mean — ^the  river. 

Mr.  Stevens.  I  could  not  say  as  to  that.  I  should  say  probably 
not  to  exceed  20  or  30  degrees  out  of  a  right  angle.  You  see,  the 
little  channel  cuts  no  particular  figure  in  high  water.  Then  it  is  all 
channel. 

Senator  Dryden.  What  is  the  width  of  those  locks? 

Mr.  Stevens.  The  width  that  is  proposed  by  the  committee  is  05 
feet. 

Senator  Kittredge.  And  the  length  ? 

Mr.  Stevens.  Nine  hundred  feet. 

Senator  Morgan.  Now,  you  have  three  flights  of  locks,  have  you  ? 

Mr.  Stevens.  Three  flights;  yes,  sir. 

Senator  Morgan.  One  above  the  other? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  They  are  twin  locks? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  That  would  make  six  chambers,  or  six  locks? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  What  is  the  elevation  at  e^ch  of  those,  if  you 
remember  ? 

Mr.  Stevens.  I  do  not  remember;  I  have  not  seen  the  detailed 
plans,  you  know. 

Senator  Morgan.  At  any  rate,  the  whole  is  85  feet? 

Mr.  Stevens.  The  whole  elevation  is  85  feet. 

Senator  Morgan.  Divided  into  three  locks? 

Mr.  Stevens.  Just  how  they  are  divided  I  do  not  know. 

Senator  Morgan.  Is  the  ground  where  those  locks  are  to  be  located 
firm  ground,  good  ground  ? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  Not  marshy  in  any  sense  ? 
•  Mr.  Stevens.  No,  sir. 

Senator  Morgan.  Is  it  a  hill? 

Mr.  Stei^ens.  Yes,  sir. 

Senator  Morgan.  That  raises  the  water  to  an  elevation  of  85  feet? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  And  that  elevation  stretches  clear  across  these 
cuttings  here  to  Miraflores? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  Now,  progressing  from  those  locks,  following  the 
line  of  the  canal,  I  understand  that  the  minority  report  proposes  to 
take  all  stumps  and  trees,  and  everything  of  that  sort  that  may  be 
found,  out  of  the  bed  of  the  lake  created  by  the  dam  ? 
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Mr.  Stevens.  They  propose,  as  I  understand  their  report,  to  pro- 
vide, from  the  Gatun  dam  up  to  the  23.6  miles — ^this,  unfortunately,  is 
not  given  in  miles;  it  is  given  in  kilometers;  about  three-quarters  of  a 
mile — ^up  in  this  vicinity  her© — up  near  Tavaernilia — ^they  propose 
to  have  a  channel  not  less  than  1,000  feet  wide,  clear. 
Senator  Morgan.  Cleared? 
Mr.  Stea-ens  Yes,  sir. 
Senator  Morqan.  Cleared  of  everything? 
Mr.  Stevens.  Of  everything. 
Senator  Kittredge.  How  deep  ? 

Mr.  Stea^ens.  And  the  water  at  that  point  would  run  from,  say, 
75  to  80  feet  at  the  back  up  to  possibly  50  feet  throughout  that  dis- 
tance. 
Senator  Morgan.  And  that  carries  it  beyond  Bohio? 
Mr.  Stevens.  Oh,  yes,  sir;  yes,  sir. 

Senator  Dryden.  Can  you  tell  how  long  it  would  delay  a  boat  of 
the  largest  character  that  would  be  likely  to  go  through  there  to  be 
lifted  up  and  go  through  one  of  these  locks  ? 
Mr.  Stevens.  To  get  through  the  three  locks? 
Senator  Dryden.  Yes,  sir. 

Mr.  Stevens.  They  ought  to  go  through  in  from  forty-five  to 
tifty-five  minutes. 

Senator  Dryden.  Have  you   any   idea  how   much  expense  that 
operation  would  be  to  the  boat? 
Mr.  Stevens.  To  the  boat  itself? 

Senator  Dryden.  Yes;  lifting  it  up  and  putting  it  through? 
Mr.  Stevens.  No,  sir;  I  have  not,  because  I  have  never  gone  into 
those  details  of  the  estimates.     The  minority  report  gives  a  careful 
Mimate  of  the  cost  of  operation,  based  on  so  many  lockages  in  a 
year.    Xo:  I  could  not  give  you  that. 

Senator  Morgan.  Between  the  lock  and  this  point  here  which  you 
have  mentioned  in  that  thousand-foot  width  of  clearing,  have  you 
any  other  suggestion  to  make,  or  any  alteration  or  improvement, 
except  the  one  which  vou  have  suggested  in  regard  to  the  Trinidad 
River? 

Mr.  Stev-ens.  Xo;  I  am  not  aware  of  any.    I  do  not  want  to  claim 
the  credit,  if  there  is  any  credit  attached  to  it,  of  this  suggestion  here. 
It  may  have  been  known  by  other  parties. 
Senator  Morgan.  I  expect  it  was. 
Mr.  Ste\t:ns.  Possibly  their  report  touches  on  it. 
Senator  Morgan.  None  of  us  know  much  that  has  not  been  known 
before,  anyhow.  *  • 

Mr.  Stevens.  That  is  right.  I  simply  tendered  that  for  your  in- 
formation. 

Senator  Hopkins.  Is  that  thousand  feet  in  width  of  a  uniform 
depth  of  50  feet  ? 

Mr.  Steat:ns.  It  is  nowhere  less  than  50  feet,  according  to  my  recol- 
Wtion.    Graduallv,  as  the  valley  rises  and  the  water  keeps  level,  of 
course  it  gets  a  little  shallower. 
Senator  Hopkins.  Yes. 

Mr.  Stevens.  But  my  impression  is  that  up  to  that  distance  thee 
i>  never  less  than  50  feet  of  water.     I  do  not  think  there  can  be. 
Senator  Sim3IONS.  AMiere  is  the  point  you  mentioned? 
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Mr.  Stevens.  I  said  near  Tavernilla;  but  it  is  just  as  liable  to  be 
four  or  five  miles  from  there.  I  do  not  know,  Senator ;  I  will  say  an 
indefinite  point  up  the  valley. 

Senator  Morgan.  Between  the  points  I  have  been  referring  to  now 
you  do  not  suggest  any  work  in  addition  to  what  is  mentioned  by  the 
minority  report,  except  the  probability  of  useful  work  being  put  in 
there  in  the  yrinidad  River? 

Mr.  Stevens.  I  do  not  recall  any  now,  Senator. 

Senator  Morgan.  Nothing  at  all  ? 

Mr.  Stevens.  No,  sir. 

Senator  Morgan.  Then  that  enables  us  to  go  up  to  this  point  [indi- 
cating]. Passing  now  from  this  point  up  to  Gamboa,  what  have  you 
to  say  f 

Mr.  Stevens.  Let  me  refer  to  this  plan.  I  think  there  are  miles  oii 
this,  instead  of  kilometers,  so  that  I  can  clear  up  that  point.  That 
channel  is  to  be  not  less  than  one  thousand  wide — a  thousand  feet  oi* 
more ;  that  is,  in  this  level  part  here  it  would  be  2  miles  wide,  but  a 
thousand  is  the  minimum.^  You  see,  that  runs  up  to  23.66  miler-. 
Now,  you  see,  I  was  wrong.  That  is  about  a  mile  and  a  half  above 
Tavernilla.  It  is  very  nearly  to  San  Pablo,  within  about  half  a  milo 
of  San  Pablo,  that  that  minimum  channel  of  a  thousand  feet  would 
extend. 

Senator  Morgan.  After  you  have  constructed  this  dam  and  have 
your  lake  established  there  and  the  water  all  over  this  country  there 
would  be  several  villages  that  would  be  submerged,  would  there  not  ? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  That  we  would  have  to  pay  for? 

Mr.  Stevens.  Well,  I  do  not  know  what  arrangement  would  have 
to  be  made  with  them.  They  would  have  to  get  out  of  there,  of 
course. 

Senator  Morgan.  Yes;  they  would  have  to  get  out. 

Mr.  Stevens.  They  are  all  there  on  leases  from  the  Panama  Rail- 
road, so  far  as  I  know.  There  are  no  towns  or  villages  away  from 
the  railroad;  and  they  are  all  on  the  Panama  Railroad  line  land 
under  leases  subject  to  thirty  days'  notice. 

Senator  Morgan.  So  that  we  have  taken  over  the  property  with  the 
privilege  of  dispossessing  the  tenants  on  thirty  days'  notice  ? 

Mr.  Stevens.  Those  old  Panama  Railroad  leases  are  all  drawn  on 
that  basis. 

Senator  Morgan.  Very  good. 

Mr.  Stevens.  Without  any  prejudice  to  the  railroad  company. 

Senator  Morgan:  Yes.  What  is  the  name  of  the  point  to  which 
you  said  that  extended  ? 

Mr.  Stevens.  San  Pablo. 

Senator  Morgan.  Now  we  will  take  the  canal  from  San  Pablo  up  to 
Gamboa. 

Mr.  Stea^ens.  From  this  point — say  from  mile  24  to  mile  27i — ^the 
channel  is  to  be  from  800  to  1,000  feet  wide. 

Senator  Morgan.  That  channel  is  to  be  cleared  of  all  wood  and 
stumps  and  trees  and  everything  of  that  sort? 

Mr.  Stevens.  That  is  mV  understanding  of  it ;  yes,  sir. 

Senator  Morgan.  That  is  the  plan  of  the  minority  ? 

Mr.  Stevens.  Yes,  sir. 

Senator  Kittredge.  There  is  a  little  excavation. 
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Senator  Morgan.  And  there  would  be  some  excavation  or  trimming 
of  the  spurs  in  order  to  keep  the  line  of  navigation  as  straight  as 
possible? 

Mr.  Stevens.  There  would  be  a  little  when  you  got  up  to  that 
point;  yes,  sir. 

Senator  Hopkins.  At  what  point  would  there  be  the  trimming  you 
speak  of? 

Mr.  Stevens.  I  can  not  tell  you  just  to  what  point  it  would  extend 
without  a  proper  profile,  whicli  I  have  not  here,  but  somewhere  in  that 
vicinity. 

Senator  Morgan.  Is  that  a  iob  of  any  special  importance — the 
trunming  out  of  these  spurs  and  straightening  the  line  and  cleaning 
up  the  timber  out  of  this  place? 

Mr.  Stevens.  Why,  only  to  get  the  longest  straight  channel  and 
the  longest  deep  channel  that  you  can ;  that  is  all. 

Senator  Morgan.  It  is  not  a  very  costly  proceeding? 

Mr.  Stevens.  I  do  not  understand  that  it  is;  no,  sir. 

Senator  Morgan.  Nothing  like  digging  the  canal  ? 

Mr.  Stevens.  Oh,  no ;  no,  sir. 

Senator  Morgan.  Now  we  get  to  Ganiboa.  Have  you  any  sugges- 
tions to  make  of  improvements  or  changes  in  the  plan  of  the  niinority 
between  Gamboa  and  this  other  point  ? 

Mr.  Stevens.  You  mean  from  Gamboa  to  Gatun  ? 

Senator  Morgan.  From  Gamboa  down  to  this  point  you  mention — 
San  Pablo.  Have  you  any  suggestions  to  make  of  any  changes  or 
improvements  or  betterments  m  that  apea  between  San  Pablo  and 
Gamboa  ? 

Mr.  Stevens.  The  only  possible  change  that  I  see  that  could  be 
made  would  be  one  of  deciaed  change  in  the  alignment  of  the  canal, 
and  I  do  not  believe  that  is  practicable.  I  do  not  believe  any  of  those 
changes  are  practicable. 

Senator  Morgan.  You  think  they  have  the  best  alignment  that  is 
practicable  ? 

Mr.  Ste\'ens.  I  think  they  have ;  ves,  sir.  It  seems  to  me  that  the 
old  French  work — the  technical  work  of  alignment  of  the  canal — was 
\ery  excellently  carried  out. 

Senator  Morgan.  And  it  has  been  followed  by  all  of  the  engineers 
who  have  inspected  the  work  since  when  they  have  examined  it  ? 

Mr.  Stevens.  Practically. 

Senator  Morgan.  Yes,  sir;  very  good.  So  the  alignment  would 
stand,  and  there  are  no  other  matters  there.  Of  course,  some  villages 
would  be  swept  out  of  existence  along  that  area — Matachin  and  sev- 
eral others? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  And  they  are  imder  the  same  plan  of  leases  from 
the  railway  ? 

Mr.  Ste\'^ns.  Yes,  sir. 

Senator  Morgan.  Terminable  at  thirty  days'  notice  ? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  Now,  at  Gamboa,  have  you  any  suggestion  to 
make  that  you  think  would  improve  the  plan  of  the  minority  of  the 
committee  ?'^ 

Mr.  Stevens.  At  Gamboa  ? 

Senator  Morgan.  Yes. 
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Mr.  Stevens.  The  plans  of  the  minority  report  at  Gamboa  do  not 
contemplate  anything  there  excepting  merely  the  prism  of  the  canal. 
The  point  that  you  spoke  of  some  time  ago/ of  making  a  large  basin 
there^  may  or  may  not  have  merit  in  it;  but  my  private  opinion  is 
that  it  would  never  be  needed,  and  I  should  hesitate  to  recommend  it- 
But  I  can  not  recall  any  other  suggestion  that  I  would  make. 

Senator  Morgan.  Isthere  any  necessity  of  paving  the  wav  over 
which  the  waters  would  flow  into  the  canal  from  the  dam — I  mean 
from  up  the  stream  ? 

Mr.  Stevens.  Do  you  refer  to  the  Chagres  ? 

Senator  Morgan.  Yes.  You  just  take  the  natural  bottom  as  it  is, 
do  you? 

Mr.  Stevens.  We  take  the  natural  bottom  as  it  is,  seven,  eight,  or 
nine  miles  away  from  the  canal.    That  is  where  the  water  strikes  it. 

Senator  Morgan.  And  you  put  in  no  works  at  all  ? 

Mr.  Stevens.  I  would  not  put  in  any  works  at  all. 

Senator  Morgan.  In  the  Chagres  River,  above  Gamboa? 

Mr.  Stevens.  No,  sir. 

Senator  Morgan.  None  at  all.  And  you  feel  confident  that  the 
35-foot  or  40-foot  head  of  water  in  the  canal,  which  is  brought  into 
a  lake,  would  furnish  sufficient  resistance  to  the  flow  of  the  Chagres 
River  to  dam  it  back,  even  above  Alhajuela,  and  make  a  lake  there 
also? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  In  other  words,  that  the  dam  at  Gatun  would 
affect  the  Chagres  River,  even  as  far  as  a  mile  or  two  above  Alhajuela, 
and  convert  that  also  into  a  fjortion  of  this  lake  ? 

Mr.  Stevens.  My  recollection  is  that  it  does  not  go  above  Alha- 
juela; it  goes  in  the  vicinity  of  Alhajuela;  I  do  not  remember  just 
where. 

Senator  Morgan.  Well,  wherever  it  mav  be. 

Mr.  Stevens.  But  I  think  it  would  go  far  enough  and  make  a  body 
of  dead  water  of  such  size  and  distance  from  the  canal  that  it  never 
would  make  a  rush  of  water  in  the  canal  that  would  affect  navigation. 

Senator  Morgan.  That  body  of  water  would  be  made  dead  water 
by  the  fact  that  there  was  a  dam  at  Gatun? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  And  by  no  other  fact  ? 

Mr.  Stevens.  By  no  other  fact. 

Senator  Morgan.  Very  good ;  and  you  would  be  satisfied  with  that. 
Now.  passing  on  froni  Gamboa  to  the  mouth  of  the  Obispo,  how  far  is 
that?     It  is  right  at  it,  is  it  not? 

Mr.  Stevens.  It  is  very  nearly  at  it;  yes,  sir — half  or  three- 
quarters  of  a  mile. 

Senator  Morgan.  So  that  the  Obispo  River  would  also  be  under 
the  influence  of  this  dam  at  Gatun,  and  its  outpour  would  become 
dead  water? 

Mr.  Ste\tens.  Pardon  me  for  digressing,  but  the  Obispo  and  its 
tributaries,  such  as  the  Camacho  on  the  west  side — the  effect  of  creat- 
ing this  lake  would  be  to  drive  the  water  up  those  valleys  a  long  dis- 
tance ;  I  do  not  know  how  far.  But  in  case  of  the  largest  tributary 
on  the  side,  which  is — let  me  see  if  I  can  get  the  name  of  it ;  I  can  not 
recollect  those  names  very  well — the  Mandigo;  it  would  drive  the 
water  up  the  Mandigo  (where,  as  I  remember,  the  largest  flood  comes 


INVESTIGATION   OF   PANAMA   CANAL   MATTERS.  31 

from)  something  like  three  or  four  miles.  It  is  a  small  river, 
anyway. 

Senator  Morgan.  And  then  the  canal  would  follow  practically, 
I  suppose*  the  valley,  or  what  we  call  the  valley,  of  the  Ooispo,  until 
it  struck  the  ridge  at  Emperador,  or  in  that  vicinity? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  There  your  digging  would  commence? 

Mr.  Stevens.  The  digging  would  commence  at  about  at  Bas 
Obispo,  about  1  mile  from  Matachin. 

Senator  Morgan.  What  is  the  width  of  the  channel  now  from  Bas 
Obispo  up  to  Emperador.    That  is  the  first  height,  is  it  not? 

Mr.  Stevens.  Obispo  is  between  mile  30  and  mile  31.  At  mile  31 
thCT  narrow  to  300  feet. 

Senator  Hopkins.  They  narrow  the  channel  of  the 

Senator  Morgan.  Of  the  canal.  What  is  the  length  of  that  sec- 
tion of  300  feet? 

Mr.  Stevens.  About  a  mile  and  a  half. 

Senator  Morgan.  It  is  about  a  mile  and  a  half  long? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  And  then  you  strike  the  ridge  at  Emperador? 

Mr.  Stevens.  You  would  strike  it  between  Cascadas  and  Empera- 
dor, a  little  distance  east ;  it  is  where  the  big  rise  in  the  mountain  com- 
mences.    Of  cours^,  the  Emperador,  here,  would  go  right  on  that. 

Senator  Morgan.  And  from  that  point  clear  through  to  Miraflores 
there  would  be  digging? 

Mr.  Stevens.  There  would  be  digging;  yes,  sir;  but  from  that 
point  through  the  200- feet  width  would  extend  to  Paraiso — about  4 
miles.    WeU,  it  is  about,  say,  5  miles. 

Senator  Morgan.  Then  you  have  5  miles  of  mountain  work  to  dig 
through  ? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  With  a  canal  of  85  feet  elevation  ? 

]Mr.  Stevens.  You  have  more  than  5  miles.  The  5  miles  will  be 
only  the  200-feet  width.  Then  there  would  be  a  little  piece  at  the 
end,  from  Paraiso  to  Pedro  Miguel,  and  then  from  east  of  Emperador 
down  to  Bas  Obispo,  the  300-ioot  width. 

Senator  HopkiKs.  That  5-mile  cutting  that  you  speak  of  is  what 
has  been  termed  bv  some  the  "  Culebra  "  cut,  is  it  not? 

Mr.  Stevens,  if'es;  that  is  what  is  known  by  the  general  name  of 
'*  Culebra  cut."  It  starts  on  this  proposition :  Here  is  Hart  Obispo, 
and  here  is  Bas  Obispo.  "  Hart  Obispo  "  means  "  Hart  Bishop,"  and 
"•Bas  Obispo"  means  "Low  Bishop."  It  starts  right  here,  where 
these  contours  come  in.  These  crooked  lines  represent  the  different 
elevations.  There  is  really  where  the  cut  starts,  and  then  it  gets  here 
to  Pedro  Miguel,  where  you  drop  it  again  at  these  crooked  lines. 

Senator  KfoPKiNS.  That  is  a  distance  of  5  miles,  is  it? 

Mr.  Stevens.  That  is  a  distance  of  about  8  miles. 

Senator  Morgan.  Is  that  the  200-foot  cut,  the  8  miles? 

Mr.  Stevens.  No,  sir:  the  200- foot  cut  would  start,  we  will  say, 
about — let  me  see:  Here  is  Emperador;  here  is  Las  Cascades,  about 
here.  From  here  to  here  it  would  be  300  feet ;  from  here  through  to 
Paraiso,  which  is  about  here  [indicating]. 

Senator  Kfttredge.  Paraiso  is  where  you  strike  the  Culebra  cut 
proper? 

ENO  I 
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Mr.  Stevens.  No;  Paraiso  is  just  on  the  south  side  of  the  summit 
of  the  cut.  From  this  point  here  to  this  point  here,  at  Paraiso,  it 
would  be  200  feet ;  from  there  [indicating]  it  would  be  300. 

Senator  Morgan.  Now  we  will  take  that  200- foot  section — ^that  is 
the  most  interesting  part  of  it,  I  think ;  can  that  be  made  any  wider 
without  very  great  expense  ? 

Mr.  Stevens.  Well,  "  expense  "  -is  a  comparative  term.  It  can  be 
made  wider,  of  course,  at  any  time  by  simply  widening  it.* 

Senator  Morgan.  You  can  widen  it? 

Mr.  Stevens.  Of  course;  you  can  widen  it  on  any  plan  of  canal. 

Senator  Morgan.  So  that  if  it  is  found  to  be  too  narrow  we  can  go 
to  work  and  cut  it  out? 

Mr.  Stevens.  Oh,  yes. 

Senator  Morgan.  We  can  change  that  200-foot  width  and  make  it 
800  feet,  if  we  want  to? 

Mr.  Stevens.  Yes. 

Senator  Morgan.  Taking  into  consideration  the  fact  that  there  will 
be  great  expense  attached  to  it,  of  course? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  In  widening  it  from  200  to  300  feet,  you  would 
have  to  trim  off  the  slope  of  the  mountain  above  it? 

Mr.  Stevens.  Altogether. 

Senator  Morgan.  All  the  way  to  the  top  ? 

Mr.  Stevens.  Yes.  ' 

Senator  Morgan.  Very  good. 

Mr.  Stevens.  You  would  have  to  take  off  a  parallel  slice  all  the 
way  up. 

Senator  Morgan.  All  the  way  through,  if  you  wanted  to  widen  it ; 
but  you  can  widen  it? 

Mr.  Stevens.  Oh,  yes. 

Senator  (jorman.  What  is  the  width  on  the  bottom  in  this  200- foot 
section? 

Mr.  Stevens.  Two  hundred  feet. 

Senator  Morgan.  How  long  is  that  200-foot  cut? 

Mr.  Stevens.  Between  4  and  5  miles. 

Senator  Hopkins.  You  say  it  is  200  feet  wide  at  the  bottom  ? 

Mr.  Stevens.  At  the  bottom. 

Senator  Hopkins.  What  is  the  width  at  the  top  ? 

Senator  Kittredge.  The  top  of  the  water  or  the  top  of  the  cut? 

Senator  Hopkins.  I  mean  the  top  of  the  cut. 

Mr.  Stevens.  Oh,  the  top  of  the  cut? 

Senator  Hopkins.  Yes. 

Mr.  Stevens.  I  could  not  tell  you ;  in  some  places  it  would  be 

Senator  Dryden.  It  would  vary,  I  suppose. 

Mr.  Stevens.  In  some  places  it  would  be  over  a  quarter  of  a  mile. 
Neither  could  I  tell  you  from  memory  what  the  slopes  are,  now,  on 
the  water.    I  think  they  are  1  to  1. 

Senator  Morgan.  Putting  that  200-foot  cut,  which  is  40  feet  deep, 
is  it  not 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan  (continuing).  At  an  elevation  of  85  feet  above  the 
level  of  the  sea,  does  that  elevation  refer  to  the  bottom  of  the  canal 
or  the  top  part  of  it  ? 
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Mr.  Stevens.  The  85  feet  is  the  top;  the  bottom  of  the  canal 
would  be  45  feet. 

Senator  Morgan.  Yes;  that  goes  through  rock. 

Mr.  Stevens.  Not  altogether;  it  goes  through  diflFerent  classes  of 
material.    Yes ;  it  goes  tli^ough  rock. 

Senator  Morgan.  Down  to  the  bottom  of  the  canal  ? 

Mr.  Stevens,  Down  to  the  bottom  of  the  canal? 

Senator  Morgan.  Very  good. 

Mr.  Stevens.  It  is  of  different  degrees  of  hardness,  you  understand. 

Senator  Morgan.  I  understand ;  but  it  would  all  require  blasting  or 
breaking  up? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  Steam  shovels,  if  I  understand  you  correctly,  are 
canable  of  handling  that  material  without  any  special  difficulty? 

Mr.  Stevens.  After  it  is 

Senator  Morgan.  After  it  is  broken  up  ? 

Mr.  Stevens.  After  it  is  shaken  up,  broken  up ;  yes,  sir. 

Senator  Morgan.  So  that  in  the  hauling  out  of  the  material  from 
the  cut  there  would  be  a  saving  because  it  would  be  condensed  rock 
instead  of  earth — ^a  saving  in  the  transportation,  the  handling?  If 
you  handle  5  tons  of  rock  or  4  tons  or  3  tons  with  a  steam  shovel, 
it  seems  to  me  that  would  be  a  cheaper  way  of  handling  it  than  if  it 
was  earth  and  you  had  to  dip  it  up  and  put  it  on  cars  and  roll  it  out. 

Mr.  Stevens.  Well,  no;  Ido  not  think  that  is  quite  true. 

Senator  Morgan.  You  do  not  think  so? 

Mr.  Stevens.  You  must  understand  that  rock  expands,  when  it  is 
broken  up,  very  much  more  than  earth  when  it  is  disturbed.  For 
instance,  I  imagine 

Senator  Morgan.  It  occupies  a  larger  area? 

Mr.  Stevens.  You  can  only  tell  exactly  after  you  set  through  by 
measuring  your  dumps  and  everything  of  that  kind,  which  will  never 
be  done ;  out  I  woula  imagine  that  the  amount  of  space  that  you  will 
actually  haul  in  moving  a  million  yards  of  rock — which  means  rock 
in  place  as  God  left  it,  as  nature  left  it 

Senator  Morgan.  Would  that  rock  be  suitable  for  the  building  of 
the  locks  at  Gatun  ? 

Mr.  Stevens.  I  do  not  think  so. 

Senator  Morgan.  You  think  not  ? 

Mr.  Stevens.  If  you  will  let  me  go  on — a  million  yards  of  rock  in 
place  will  about  equal  a  million  and  a  half,  and  possibly  1,700,000 
yards,  when  you  get  it  out  in  a  dump.  It  expands,  and  earth  does 
not  expand  to  any  such  decree. 

Senator  Morgan.  Yes.  Now,  the  minority  of  the  engineers,  or  the 
commission,'  as  I  will  call  it,  seem  to  think  that  the  revetment  which 
is  put  in  there  by  the  Isthmian  Canal  Commission  (which  would  be, 
taking  both  sides  together,  about  18  miles  long,  a  stone  wall)  is  not 
necessary  except  at  one  point,  where  material  is  found  that  is  likely 
to  slip ;  but  a  large  portion  of  this  200-foot  cut  would  not  need  revet- 
ment. 

Mr.  Stevens.  I  see  that  that  is  their  opinion. 

Senator  Morgan.  Is  that  your  opinion  ? 

Mr.  Stevens.  Senator,  I  do  not  think  that  any  living  man  is  com- 
petent to  express  an  opinion  which  would  not  be  subject  to  revision 
after  he  digs  the  cut ;   I  would  not  care  to. 
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Senator  Morgan.  Do  you  think  the  probabilities  are  in  favor  of 
the  position  of  the  minority,  that  a  continuous  wall  of  revetment 
would  not  be  necessary,  perhaps,  in  that  cut? 

Mr.  Stevens.  Oh,  1  think  that  is  undoubtedly  true;  to  what  ex- 
tent I  do  not  know.  In  other  words,  it  would  not  be  necessary  to 
revet  both  sides  of  the  whole  length  of  the  cut,  because  I  should 
hesitate  tO  recommend  a  200-foot  channel  if  I  thought  that  in  a  few 

! rears  I  would  have  to  widen  it  and  take  out  a  wall  for  the  whole 
ength. 

.   Senator  Morgan.  Making  an  allowance  for  the  revetment,  if  you 
have  to  put  it  in  you  also  have  to  enlarge  your  200-foot  width  of 
channel  ? 
.   Mr.  Stevens.  It  should  be  done;  yes,  sir. 

Senator  Morgan.  So  that  the  200  feet  should  stand  between  the 
revetment  walls? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  Clear  space? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  In  that  part  of  the  cut  where  this  200-foot  chan- 
nel is  found  would  the  walls  of  the  canal  be  perpendicular? 

Mr.  Stevens.  That  is  the  recommendation  or  the  board,  that  in 
those  narrow  channels  they  should  be  made  perpendicular  and  smooth. 

Senator  Morgan.  Do  you  concur  in  that  recommendation? 

Mr.  Stevens.  Yes,  sir;   I  think  that  is  necessary. 

Senator  Morgan.  You  have  no  objection  to  make  to  their  position 
on  that  point? 

Mr.  STE^^N8.  No,  sir.  Here  is  a  map  or  a  profile  or  a  section 
which  was  made  from  some  additional  borings  which  Mr.  Wallace 
made  during  his  connection  with  the  enterprise ;  and  while  this  does 
not  show  all  of  the  borings,  as  you  understand,  it  gives  a  general 
idea  of  the  Culebra  cut.  At  every  kilometer  (which  is  about  3,600 
feet)  they  bored  a  hole  down  to  40  feet  below  sea-level,  and  took  out 
the  cores;  and  we  have  the  cores  on  the  Isthmus.  This,  however, 
will  give  you  a  pretty  good  idea  of  what  these  cores  developed.  This 
is  Bas  Obispo,  where  the  heavy  cutting  would  really  commence. 

For  instance,  that  is  an  elevation  of  50  feet.  Here  is  an  elevation 
of  40  feet.  In  other  Vords,  with  a  high  level,  85-foot  project,  there 
would  be  the  bottom  of  the  canal  (you  understand,  this  is  shown  in 
section,  like  you  would  cut  through  an  apple)  right  along  through 
there ;  and  above  that  the  material  would  nave  to  come  out. 

On  a  sea-level  proposition  this  additional  amount  would  have  to 
come  out,  down  here,  down  to  40  feet,  minus  40.  That  boring  devel- 
oped fairly  hard  rock — I  know  that  is  rock,  because  I  have  cut  a  hole 
through  there  myself,  and  laid  a  track  through  there.  Here  there  is 
fairly  hard  rock,  very  hard  rock ;  here  is  another  boring.  These  are 
kilometers  47,  46,  48;  "very  hard  rock;"  "very  hard  with  quartz 
seams."  So,  answering  your  question,  you  can  say  that  probably 
with  very  hard  rock  tnat  part  of  the  canal  would  not  necessarily 
need  any  revetment,  assuming  that  these  borings  in  here  of  rocks  are 
the  same — which  is  purely  an  assumption,  but  a  very  intelligent  one. 

Senator  Morgan.  That  is  a  safe  assumption,  is  it?^ 

Mr.  Stevens.  I  should  say  so;  yes,  sir.  They  have  additional 
borings  that  are  not  shown  here.  These  were  simply  put  on  every 
kilometer.    At  this  point,  kilometer  48,  we  found  medium  hard  rock» 
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soft  blue  rock ;  then  they  struck  medium  hard  rock ;  very  soft  black 
rock;  conglomerate,  with  green  talc;  gray  sandstone;  hard  rock; 
brown  sandstone;  hard  greenish-black  rock;  soft,  dark  decomposed 
rock,  reddish  shade.    That  is  the  way  it  goes  clear  through. 

Senator  Morgan.  This  is  the  line  40  feet  below  sea  level? 

Mr.  Stevens.  Yes,  sir;  that  would  be  the  bottom  of  a  sea-level 
canal  of  a  depth  of  40  feet.  Now,  you  are  getting  up  toward  Em- 
perador.  Here  is  the  bi^  Culebra  cut.  Emperador  is  here.  Now, 
we  will  find  that  line  again. 

There  is  90,  60,  50,  45 — here  would  be  the  bottom  of  your  canal 
again,  and  all  this  mass  would  be  taken  out,  in  the  ca^e  of  the  hi^h 
level,  down  to  this  elevation.  In  the  case  of  a  sea  level,  it  would  De 
taken  out  down  here  [indicating].  Reading  these  again — I  read  that 
on  the  other — ^you  see  it  says,  "Soft  blue  rock;  soft  reddish  rock; 
soft  blue  rock;  hard  blue  rock;  fairly  hard  and  sandy  talc;  hard 
blue  rode;  very  hard  blue  rock;  hard  rock,  guartzite  seams;  very 
hard,  manv  quartz  seams ;  blue  hard  rock."  So  it  goes  on  down — 
"  medium  hard,  very  hard  blue  rock ;  same  with  quartz  seams."  So 
you  see  that  the  strata  of  rock  through  there  is  very  hard. 

Senator  Morgan.  Is  that  the  85-foot  level  ? 

Mr.  Stevens.  Yes,  sir.  Here  you  have  it  half  way  between  Empe- 
rador and  Culebra — ^"hard  conglomerate;  very  hard  black,  sandy 
talc;  hard  light-colored  sandstone;  soft  black  talc;  sandstone;  black 
talc  sandstone;  conglomerate  talc  sandstone;  soft  black  talc;  very 
iioft  black  talc."  Now,  you  see  at  that  particular  place  the  rock 
softens  up. 

Senator  Morgan.  What  is  the  last  quotation  here  ? 

Mr.  Stevens.  "  Very  soft  black  talc." 

Senator  Morgan.  Is  that  what  you  call  indurated  clay  ? 

Mr.  Stevens.  No,  sir. 

Senator  Morgan.  It  is  not? 

Mr.  Stevens.  I  have  never  seen  any  indurated  clay  south,  I  think, 
of  San  Pablo ;  and  I  am  inclined  to  think  that  the  material  you  spoke 
of  the  other  day  that  was  put  into  a  bucket  of  water  and  dissolved 
was  not  indurated  clay ;  I  think  that  was  clay  from  the  Culebra  cut. 
I  noticed  that  General  Ernst  was  quoted  as  ihe  man  who  did  it.  I 
have  not  seen  the  Greneral  for  two  or  three  days.  I  am  going  to  ask 
him  where  he  got  the  sample  from. 

Senator  Morgan.  Yes — well,  he  got  it  out  of  the  well  that  the 
French  dug  there.    Do  you  know  where  that  is  ? 

Mr.  Stevens.  They  dug  wells  at  several  places;  I  do  not  know 
exactly  where. 

Senator  Morgan.  That  is  where  he  got  it. 

Mr  Stevens.  '^Hard  trap  rock:  medium  hard  blue  tufa."  That 
may  be  indurated  clay  at  that  point,  but  I  never  have  seen  it,  and  we 
have  big  cuttings  through  there  now.  This  is  the  real  Culebra  cut, 
clear  through  here.  You  see,  it  is  not  very  much  raised  from  Empe- 
rador; and  when  you  get  we^st  of  here  it  immediately  commences  to 
drop.  I  have  brought  these  maps  and  profiles  over,  Senator,  think- 
ing they  might  be  interesting. 

Senator  Morgan.  Yes;  they  are  very  interesting.  I  wish  we  had 
a  lot  of  them  distributed  through  the  Senate. 

Mr.  Stevens.  Well,  you  can  get  them.  Those  are  the  only  ones 
I  could  pick  up  here;  you  know,  I  do  not  keep  any  of  my  records 
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here  at  all,  because  I  have  no  connection  with  tiie  engineering  office 
here.  That  was  simply  for  the  benefit  of  the  consulting  board.  We 
have  on  the  Isthmus  an  endless  amount  of  this  stuff.  "  Soft  and 
medium  hard  blue  rock;  a  few  hard  embedded  bolts.  Material  below 
this  lock  will  require  blasting  before  excavation." 

It  was  necessary  to  use  a  diamond  drill  in  boring  that,  Senator^ 
which  means  that  it  was  very  hard.  Now,  where  is  45  again?  It 
is  right  here.  Now,  you  simply  see  the  strata  platted  here.  That 
is  soft  rock,  soft  yellow  rock,  lielow  that  line.  There  is  where  you 
strike  the  real  rock — "medium  hard  sandstone,  a  few  bolts;  hard 
sandstone;  very  hard  lava;  conglomerate;  conglomerate;  soft  tufa." 
This  will  be  ftie  bottom  of  the  canal,  here. 

Senator  Morgan.  You  are  going  down  the  hill  now  ? 

Mr.  Stevens.  Yes,  sir.    Now,  to  explain,  I  will  say  that  the  200- 
foot  section  comes  through,  of  course,  the  heavy  part  of  the  cut. 
When  you  get  down  here,  and  the  cutting  gets  §o  snallow,  it  widens 
out  from  here  down  to  Pedro  Miguel  to  300  feet. 
.    Senator  Morgan.  Three  hundred  feet? 

Mr.  Stevens.  Yes. 

Senator  Morgan.  Now,  we  will  take  up  that  section.  Do  you  ap- 
prehend any  difficulties  in  digging  the  canal  there,  in  that  300-foot 
section,  as  wide  as  is  proposed  by  this  minority  report? 

Mr.  Stevens.  In  the  SOO-foot  section? 

Senator  Morgan.  Yes. 

Mr.  Stevens.  Difficulties  of  what  nature? 

Senator  Morgan.  I  mean,  very  serious  engineering  difficulties  in 
widening  the  canal  from  200  to  300  feet. 

Mr.  Stevens.  Oh,  you  mean  in  going  from  the  200  to  the  300  foot 
width? 

Senator  Morgan.  Yes. 

Mr.  Stevens.  Why,  I  do  not  know  of  any,  Senator.  There  is  just 
so  much  more  digging,  but  it  is  not  as  deep. 

Senator  Morgan.  More  digging,  and  not  as  deep;  and  then  it  is 
flanked  by  hills  on  both  sides? 

Mr.  Stevens.  The  hills  fall  back  farther,  you  know. 

Senator  Morgan.  Yes;  but  it  is  flanked  by  hills  on  both  sides? 

Mr.  Stevens.  Oh,  yes;  the  whole  8  miles  is  flanked  by  the  moun- 
tains. 

Senator  Morgan.  Yes.  Now,  we  will  go  on  from  that  300-foot  cut. 
What  is  the  next  cut — the  next  width  ? 

Mr.  Stevens.  That  brings  you  to  Pedro  Miguel.  From  Pedro 
Miguel  for  ^bout  2  miles  they  widen  it  to  500  feet.  That  takes  you 
to  tne  vicinity  of  Miraflores,  or  a  little  below. 

Senator  Morgan.  You  are  now  down  the  hill  slope? 

Mr.  Stevens.  Oh,  yes ;  away  over  on  the  Rio  Grande. 

Senator  Morgan.  Does  the  digging  there  present  any  serious  diffi- 
culties?     ,  . 

Mr.  Stevens.  No,  sir ;  not  that  I  recollect.  No ;  it  does  not.  Ex- 
cuee  me  if  I  locate  myself  on  the  map  here.  No;  that  2  miles  is 
through  the  section  between  and  incluaing  Pedro  Miguel  and  Mira- 
flores. 

Senator  Morgan.  Now,  from  Miraflores? 

Mr.  Stevens.  It  is  given  right  here,  I  think. 
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Senator  Morgan.  From  Miraflores  southward,  what  is  the  next 
width? 

Mr.  Stevens.  The  next  width  is  1,000  feet  or  more.  You  strike 
the  lake  then.  Understand,  that  500  feet  through  that  mile  or  two  is 
really  coming  from  the  artificial  part  of  the  (5anal  into  the  lake. 

Senator  IkmROAN.  That  is  Lake  Sosa  ? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  And  that  is  a  triangular  lake;  it  is  triangular  in 
its  general  outline? 

MT.  Stevens.  Yes,  sir. 

Senator  Morgan.  You  pass  through  that  lake,  and  you  get  then  to 
the  depression  between  Sosa  and  Ancon?  ^ 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  And  in  that  depression  you  put  your  tide  lock? 

Mr.  Stevens.  No,  sir.  In  that  depression,  you  say?  You  are 
spetking  of  the 

Senator  Morgan.  Between  Ancon  and  Sosa. 

Mr.  Stxvens.  You  are  speaking  of  the  minority  report? 

Senator  Morgan.  Yes,  sir. 

Mr.  Stevens.  Well,  then,  we  are  all  wrong.  The  line  of  the  canal 
according  to  the  minority  report  does  not  pass  between  the  two  hills. 

Senator  Morgan.  Oh,  no ;  that  is  a  fact.  It  passes  to  the  westward 
of  Ancon. 

Mr.  Stevens.  To  the  west  of  Sosa. 

Senator  Morgan.  To  the  west  of  Sosa  ? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  Where  do  the  minoritv  put  the  tide  lock? 

Mr.  Stevens.  They  put  two  of  their  locks,  which,  of  course,  would 
answer  that  purpose!  at  this  point — at  La  Boca,  at  Sosa. 

Senator  Morgan.  Two  locks  ? 

Mr.  Stevens.  Yes,  sir;  and  the  other  lock  at  Miraflores. 

Senator  Morgan.  Two  locks  at  Sosa? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  What  are  the  elevations  of  those  locks?  What  is 
the  lift? 

Mr.  Stevens.  Fifty-five  feet  is  the  sum  of  the  two. 

Senator  Morgan.  JBetween  the  two  ? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  Fifty-five  feet  elevation? 

Mr.  Stevens.  Of  botli  locks;  that  is,  the  elevation  of  the  lake  is 
55  feet. 

Senator  Morgan.  Yes.  Now,  does  the  minority  propose  any  tide 
lock  at  all  ? 

Mr.  Stea'ens.  Only  these  locks.  They  expect  them  to  answer  for 
tide  locks. 

Senator  Morgan.  But  they  provide  no  separate  tide  locks  outside 
of  these? 

Mr.  Ste\ens.  No,  sir.  There  is  another  lock,  you  know,  to  make 
up  the  85  feet,  at  Miraflores. 

Senator  Hopkins.  How  far  away  is  that? 

Mr.  Stevens.  About  4  miles. 

Senator  Morgan.  This  is  to  the  north  of  Sosa  ? 

The  Chairman.  Will  you  l^e  kind  enough  to  mark  those  locks  on 
there? 
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Senator  Kittredge.  He  has  marked  them. 

Mr.  Stevens.  I  do  not  think  I  have  at  Sosa,  if  you  will  excuse  me. 

Senator  Kittredge.  I  know  you  marked  this  one  at  Gatun.  You 
indicated,  and  I  thought  you  marked  them. 

Senator  Morgan.  Now,  the  minority  have  a  lock  at  Miraflores; 
then  they  have  two  locks  at  Sosa  ? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  Are  they  in  a  flight,  one  above  the  other? 

Mr.  Stevens.  At  Sosa,  yes,  sir ;  duplicates. 

Senator  Morgan.  Duplicates? 

Mr.  Stevens.  There  are  four  chambers. 

Senator  Morgan.  That  will  be  four  chambers? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  And  that  is  the  end  of  their  locking  ? 

Mr.  Stevens.  Yes,  ^ir. 

Senator  Morgan.  And  from  that  point  out  it  is  a  sea-level  canal  ? 
The  canal  is  dug  in  40  feet  below  sea  level  ? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  From  that  point  out  to  the  islands? 

Mr.  Stevens.  Three  hundred  feet  in  width. 

Senator  Morgan.  Three  hundred  feet  wide  and  4  miles  long! 

Mr.  Stevens.  About  4  miles,  to  the  45-foot  contour. 

Senator  Morgan.  Now,  just  for  the  sake  of  comparison  and  getting 
the  idea  into  the  minds  of  the  committee,  the  majority  report,  the 
sea-level  report — puts  a  tide  lock  in  use  in  this  depression  between 
Sosa  and  Gatun? 

Mr.  Stevens.  No,  sir;  no,  sir;  thej  put  nothing  there. 

Senator  Morgan.  They  put  nothmg  there?  nTiere  do. they  put 
that  tide  lock? 

Mr.  Stevens.  They  put  it  at  Miraflores. 

Senator  Morgan.  And  then  they  dredge  from  that  point  out  ? 

Mr.  Stevens.  Yes,  sir 

Senator  Morgan.  To  40  feet  below  sea  level  ? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  Out  to  the  same  point  that  you  would  reach,  that 
the  other  half  of  the  committee  would  reach.  The  twin  locks  at 
Sosn  proposed  by  the  minority,  as  I  understand  it,  dispense  with  any 
tide  locks  for  the  purpose  of  regulating  the  inflow  and  the  outflow  of 
the  tides? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  They  dispense  with  it? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan,  ^\^lereas,  on  the  other  side,  the  majority  put  this 
sea-^ate,  or  regulating  lock,  at  Miraflores? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  How  far  back  is  that  from  the  Sosa  twins? 

Mr.  Stevens.  That  is  about  4  miles. 

Senator  Morgan.  Four  miles  back  ? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  So  that  the  tide  lock,  as  we  call  it — I  believe  that 
is  the  proper  name  for  it — that  is  proposed  by  the  majority  of  the 
committee  would  be  about  how  many  miles  from  the  coast  ? 

Mr.  Stevens.  Do  you  mean  high-tide  line,  or  out  at  the  40-foot 
line  in  the  bav  ? 
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Senator  Mobgan.  The  40-foot  line  in  the  bay. 

Mr.  ST£^^:N8.  It  would  be  about  8  miles. 

Senator  Mobgan.  Eight  miles? 

Mr.  Stevens.  Yes,  sir;  say  eight  and  a  half. 

Senator  Mobgan.  Yes.  So  that  the  distance — that  is  eight  and  a 
half  miles,  and  there  is  3  or  4  out  into  the  bay — would  be  11  or  12  ? 

Mr.  Stevens.  No;  I  mean  eight  and  a  half  in  all  from  Miraflores. 

Senator  Mobgan.  In  all  ? 

Mr.  Stevens.  Yes,  sir. 

Senator  Mobgan.  So  that  that  eight  and  a  half  miles  would  be  dug 
or  dredged  40  feet  below  mean  sea  level  ? 

Mr.  Stevens.  Yes,  sir. 

Senator  Mobgan.  On  the  majority  plan? 

ilr.  Stevens.  Yes,  sir. 

Senator  Mobgan.  Would  it  be  dredged  from  the  twin  locks  at 
Sosa  to  the  same  depth  on  the  minority  plan  ? 

Mr.  Stevens.  There  would  be  ho  dredging  at  all  until  you  got 
within  about  a  mile  and  a  half  of  Miraflores;  you  would  have  the 
lake  na^dgation  there. 

Senator  Kittbedge.  I  do  not  think  you  understood  the  Senator's 
question,  Mr.  Stevens. 

Mr.  Stevens.  No;  I  do  not  think  I  did. 

Senator  Kittbedge.  As  I  understand  it,  he  asked  if  there  was  any 
difference  between  the  plan  of  the  majority  and  the  minority  from 
the  twin  locks  seaward  ? 

Mr.  Stevens.  Only  in  the  alignment.  In  one  the  line  would  pass 
between  the  two  mountains,  Sosa  and  Ancon,  and  in  the  other  on  the 
outside.  Then  there  is  a  difl'erence — no;  there  is  the  same  width,  300 
feet.  No;  there  would  be  no  difference.  There  is  one  point  that  you 
undoubtedly  asked  me  about  that  I  may  have  passed  over.  Under 
the  minority  report  they  propose  to  regulate  the  lakes  by  spillways 
between  these  mountains. 

Senator  Kittbedge.  Yes. 

Mr.  Stevens.  They  are  both  rock,  and  the  spillways,  of  course,  are 
founded  right  on  the  rock.    The  rock  there  is  very  close  to  the  surface. 

Senator  Hopkins.  Just  indicate  on  the  map  where  the  spillway 
win  be. 

Mr.  Stevens.  It  will  be  directly  between  these  mountains.  You 
see,  th^y  put  a  dam  across  here  [indicating].  The  spillway  would  be 
right  here. 

Senator  Hopkins.  Yes.  Now,  tell  us  something  about  the  dimen- 
sions of  that  dam,  please,  and  the  character  of  it. 

Mr.  Stevens.  I  can  not  tell  you  from  my  memory,  now. 

Senator  Mobgan.  The  minority  report  shows  the  dimensions  ex- 
actly.   They  were  very  careful  in  stating  the  dimensions. 

Mr.  STEvi:N8.  Yes.  I  know  it  is  very  large,  very  wide,  and  all 
that;  but  I  can  not  tell  you  exactly. 

Senator  Hopkins.  That  is  to  be  an  earth  dam,  the  same  as  the  one 
on  the  other  side? 

Mr.  Stevens.  Yes,  sir;  and  I  recommended  to  build  it  in  the  same 
way— to  take  the  dredged  material. 

Senator  Mobgan.  Now  we  have  passed  through  from  one  side  to 
the  other  in  the  examination  of  the  axis  of  the  canal.  Suppose  that 
a  sea-level  canal  were  dug  between  the  same  points,  from  tne  40-foot 
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contour  in  the  Bay  of  Limon  out  to  the  islands  in  the  Bay  of  Panama, 
on  the  plan  that  the  majority  propose;  what  would  be  your  opinion 
as  to  the  comparative  safety  or  navigation  upon  the  two  canals,  tak- 
ing the  same  size  ships,  taking  the  largest-sized  ship  that  could  be 
expected  to  go  througn  ? 

Senator  Hopkins.  It  is  now  quarter  of  1  o'clock;  suppose  we  ad- 
journ until  half  past  2,  and  then  take  up  that  question  ? 

Senator  Morgan.  Let  me  get  this  answer,  and  then  we  can  adjourn. 

Senator  Hopkins.  Yes. 

Mr.  Stevens.  To  give  you  my  opinion  I  would  necessarily  have  to 
give  you  some  reasons  why  I  have  that  opinion. 

Senator  Morgan.  Of  course. 

Mr.  Stevens.  And  that  involves  going  through  in  detail  and  show- 
ing you — ^which  I  have  summarizea  here — the  comparison  of  widths 
between  the  canal  on  the  other  side,  to  show  j^ou  the  widths  that  are 
proposed  in  the  majority  report. 

Senator  Morgan.  Yes.  What  I  want  to  get  at  is  your  opinion  as 
to  the  comparative  safety  of  ships  in  the  respective  canals  as  they 
are  proposed  to  be  dug  by  the  minority  and  the  majority. 

]Vfr.  Stevens.  My  opinion  is  that  a  very  large  ship  could  never  be 
assured  of  getting  through  a  sea-levef  canal  of  the  dimensions 
reported  without  grounding,  unless  she  ran  at  such  speeds  as  would 
])ractically  destroy  the  usenilness  of  the  canal,  for  this  reason :  That 
out  of  the  49  miles  there  is  over  29  miles  that  is  only  200  feet  wide ; 
and  you  can  see  from  the  map  that  it  is  more  or  less  tortuous  in  direc- 
tion. I  think  that  this  situation  would  be  accentuated  by  the  im- 
mense number  of  small  streams  carrving  flood  water  directly  into  the 
canal  at  the  depths  that  they  would,  from  30  to  150  or  160  feet. 
They  are  constantly  carrying  in  detritus  that  would  make  shallow 
bars  that  would  very  soon  render  the  navigation  of  such  a  canal 
impracticable  for  large  ships,  and  sooner  or  later  for  all  ships,  unless 
there  were  a  fleet  of  dredges  kept  constantly  working  from  one  end  to 
the  other  to  keep  it  open. 

Senator  Morgan.  Right  there  let  me  ask  you  this  question:  We 
have  a  cut  there  200  feet  wide  through  Culebra  Hill  ? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  The  bottom  of  it  is  rock,  alternating  with  dikes 
of  other  material  that  come  up  between.  Is  it  practicable  to  make 
tlie  floor  of  such  a  canal  so  smooth  as  to  make  dredging  inexpensive 
or  comparatively  inexpensive  ?     Can  you  make  the  floor  of  it  smooth  ? 

Mr.  Stevens.  Why,  yes,  sir;  certainly.  You  would  expect  to 
make  the  walls  smooth,  anyway,  by  channeling.  You  mean  to  make 
the  bottom  of  the  canal  so  smooth  that  it  can  be  dredged? 

Senator  Morgan.  Yes. 

Mr.  Stevens.  Oh,  yes. 

Senator  Morgan.  There  is  no  difficulty  in  that  proposition? 

Mr.  Stevens.  It  can  be  done  all  right. 

Senator  Morgan.  Then  I  will  dismiss  that  subject  from  my  mind, 
at  least.  So  that  as  to  dred^ng  a  sea-level  canal  and  dredging  an 
85-foot  elevation  lock  canal,  it  is  about  the  same  in  the  one  case  as 
in  the  other? 

Mr.  Stevens.  Over  the  same  length  of  distance  ? 

Senator  Morgan.  Yes. 
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Mr.  Ste\-ens.  But  in  the  one  case  you  have  5  miles  200  feet,  and  in 
the  other  you  have  21  miles. 

Senator  Morgan.  That  is  the  difference  ? 

Mr.  Stevens.  That  is  the  difference. 

Senator  Morgan.  You  have  21  miles  to  take  care  of! 

ilr.  Stevens.  You  have  21  miles  of  200  feet  in  the  sea-level  canal, 
and  only  5  miles  in  the  high-level  canal. 

Senator  Morgan.  Twenty -one  miles  of  dredging  against  5  miles  ? 

Mr.  Stevens.  In  those  narrow  channels. 

Senator  Morgan.  Yes. 

Mr.  Stevens.  Then  you  would  have,  in  the  case  of  the  sea-level 
canal,  18.85  miles — almost  19  miles — of  300  feet  width.  In  the  high- 
level  canal  you  would  have  6.8  miles  only. 

Senator  Morgan.  Yes.  Is  there  any  material,  practical  difference 
in  the  curves  in  the  two  proposed  canals,  the  lock  canal  and  the  sea- 
level  canal  ? 

ilr.  Stevens.  Oh,  yes,  sir.  All  the  way  up  through  the  lakes,  of 
course,  your  curvature  cuts  very  little  figure  on  account  of  your  wide 
channeL  In  the  lake  navigation  the  wider  your  channel  vour  curve 
immediately  becomes  easier,  because  you  have  such  a  width  in  which 
to  make  your  swing. 

Senator  Morgan.  Yes;  of  course. 

Mr.  Stevens.  Whereas  in  the  lower  channel  of  the  sea-level  canal 
you  are  confined  to  this  narrow  200- foot  channel  all  the  time. 

Senator.  Morgan.  Yes,  So  that  if  the  curvature  was  the  same  in 
the  two  cases  in  the  actual  line  of  the  canal,  the  advantage  would  be 
in  favor  of  the  larger  body  of  water? 

Mr.  Stevens.  Oh,  every  time,  of  course. 

Senator  Morgan.  Is  there  any  practical  difference  in  those  parts  of 
the  line  as  to  curvatures,  for  instance,  through  Culebra  Heights, 
Emperador  Heights? 

Mr.  Stevens.  Not  through  the  heavy  part  of  the  canal. 

Senator  Morgan.  They  both  run  on  the  same  curves? 

Mr.  Stevens.  Yes;  on  the  same  curves.  There  was  a  question 
raised  in  the  Board  (and  I  am  not  clear  whether  the  minority  report 
or  either  report  indorses  it)  to  the  effect  that  there  should  be  no  curves 
in  the  canal,  properly  speaking;  not  as  j'ou  lay  them  out  on  a  railroad. 

(The  committee  thereupon  took  a  recess  until  2.30  o'clock  p.  m.) 

after  recess. 
8TATEMEHT  OF  JOHN  F.  STEVENS,  ESQ.- Continued. 

The  Chairman.  Senator  Morgan,  do  you  not  think  we  had  better 
continue  along  the  line  that  was  mterrupted  at  recess?  You  and  Mr. 
Stevens  were  making  it  interesting,  and  I  think  we  had  better  pro- 
ceed and  finish  up  the  minority  report. 

Senator  Morgan.  I  shall  have  few  questions  to  ask  Mr.  Stevens 
about  the  situation  there  now.  I  think  I  comprehend  it,  and  I  sup- 
pose the  members  of  the  committee  all  comprehended  everything  about 
it,  although  perhaps  they  have  not  studied  it  as  closely  as  some  of 
us,  for  many  years,  at  least.  I  think  I  am  pretty  well  through  with 
my  line  of  questioning. 
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I  asked  Mr.  Stevens  a  question  the  other  day  that  I  would  like 
him  to  make  a  statement  about.  "  Take  the  present  income  of  the 
railroad  and  apply  that  to  the  payment  of  a  sum  of  money  bearing 
interest  at  the  rate  of  2  per  cent,  what  would  be  the  capitalization 
upon  the  basis  of  the  present  income  of  the  canal,  at  2  per  cent  upon 
the  sum,  whatever  it  is,  that  would  be  required?*"  He  answered  my 
q^uestion  the  other  day  in  writing.  I  suppose  you  have  the  ques- 
tion right  in  your  mind  ?     Perhaps  I  have  not  stated  it  exactly. 

Mr.  Stevens.  My  understanding  of  the  question  was,  if  I  recollect 
rirfitly,  "  taking  the  net  income  of  the  railway?  " 

Senator  Morgan.  Yes. 

Mr.  Stevens.  For  instance,  applicable  to  dividends,  if  they  were 
proposing  to  pav  dividends,  or  interest  on  bonds.  I  do  not  recall 
just  now  what  tne  net  income  was,  but  I  think  the  assumption  -was 
that  it  was  about  $700,000 

Senator  Morgan.  I  think  you  put  it  at  that,  about  $700,000;  and 
you  put  the  capitalization  that  would  be  required,  at  2  per  cent,  to 
cover  the  investment,  at  twenty  millions  of  dollars.  In  other  words, 
that  the  canal  as  it  is  there  now  (free  from  debt,  of  course),  out  of 
its  present  earnings,  over  and  above  the  charges  for  maintenance 
and  conduct,  would  yield  2  per  cent  on  twenty  millions  of  dollars, 
that  2  per  cent  being  our  rate  of  interest,  practically.  I  suppose  the 
value  of  the  railroad  at  present  would  be  considered  as  twenty  mil- 
lions of  dollars,  if  the  debts  were  all  paid  off,  the  outstanding  bonds, 
and  so  on.  Now,  would  you  expect  tnat  in  the  future  the  income  of 
the  railroad  would  be  increased  over  what  it  is  now  ? 

Mr.  Stevens.  After  the  construction  of  the  canal  ? 

Senator  Morgan.  Up  to  the  date  of  its  completion,  I  will  say,  first. 

Mr.  Stevens.  Well,  I  do  not  know  that  I  could  answer  that,  for 
two  reasons:  One  is  that  there  will  undoubtedly  be  always,  until  a 
canal  is  completed,  a  fair  amount  of  commercial  business.  This  will 
be  increased  by  the  work  on  the  canal.  It  certainly  will  not  become 
less.  Perhaps  the  Panama  Bailroad  will  be  shortlj^  subject  to  com- 
petition by  the  northern  route,  the  Tehauntepec  Kailway.  How  far 
that  competing  road  will  have  its  effect  on  the  commercial  business 
there,  I  can  not  say. 

Senator  Morgan.  Assuming  that  the  state  of  progress  that  has 
been  made  since  that  railroaa  was  built  is  continued,  as  well  as  the 
commercial  development  and  commercial  intercourse  between  the 
countries  that  are  supplied  with  ocean  navigation  on  the  Pacific  and 
on  the  Atlantic,  woula  you  not  suppose  that  the  income  of  that  rail- 
road would  be  increased  proportionately,  say,  in  thQ  next  fifty  years  t 

Mr.  Stevens.  No,  sir. 

Senator  Morgan.  Why  not? 

Mr.  Stevens.  Well,  I  am  not  a  statesman,  and  not  much  of  a  politi- 
cal economist.  I  can  not  understand,  when  we  do  not  get  very  much 
of  the  trade  of  the  eastern  coast  of  South  America,  why  we  should 
naturally  expect  very  much  on  the  west  coast. 

Senator  Morgan.  I  do  not  propose  to  go  into  any  tariff  argument 
about  it.  I  think  I  know  exactlywhere  the  trouble  is,  but  I  do  not 
want  to  go  into  that,  you  know.  I  do  not  want  to  assume  that  we 
are  going  to  have  an  era  of  free  trade,  because  I  do  not  think  we  are. 
But  the  natural  growth  of  commerce,  the  world  over,  is  very  large. 

Mr.  Stevens.   Yes. 
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Senator  Morgan.  Notwithstanding  its  development  on  the  eastern 
coast  of  South  America  has  been  comparatively  slow.  But.  taking  now 
the  increased  facilities  of  conmierce  lor  the  exportation  or  very  heavy 
material,  that  otherwise  would  never  float  into  commercial  channels 
at  all,  in  consequence  of  the  rapidity  and  cheapness  of  the  transpor- 
tation, would  you  not  suppose  that  this  railroad  property  there,  if  it 
stood  alone,  and  not  in  connection  with  the  Tehuantepec  road  or  any 
other  road  that  might  be  made  through  Guatemala  or  elsewhere,  it 
would  increase  in  the  next  fifty  years  in  proportion  to  its  increase  in 
the  past  fifty  years? 

Mr.  Stevens.  I  should  look  for  an  increase,  but  I  can  not  say  at 
^hat  rate  it  would  increase. 

Senator  Morgan.  Would  you  look  for  an  increase  of  double  the 
present  commerce? 

Mr.  Stevens.  I  should  not  want  to  be  called  on  to  state  definitely 
just  what  the  increase  would  be.    I  think  there  would  be  an  increase. 

Senator  Morgan.  But  if  such  an  increase  should  occur,  then  the 
camtalization  would  be  $40,000 JOOO? 

Mr.  Stevens.  It  would  increase  in  proportion  to  its  net  eaminjgs. 

Senator  Morgan.  It  would  be  double  the  present  income,  which 
would  be  $40,000,000.  That  would  cover  the  cost  of  the  purchase  of 
it,  and  make  it  a  good  property,  at  $40,000,000. 

Mr.  Stevens.  It  would  seem  so. 

Senator  Morgan.  When  the  canal  is  completed,  it  is  the  general 
supposition  that  that  railroad  will  be  thrown  away,  and  that  except 
for  merely  local  trafiic  it  would  hardly  be  worth  keeping  up? 

Mr.  Stevens.  I  see  very  little  use  for  it  once  the  canal  is  completed. 

Senator  Hopkins.  Right  there:  If  the  canal  is  constructed  as 
suggested  by  the  minority  of  the  Commission  that  has  been  down 
there,  will  not  that  destroy  a  large  part  of  the  road  itself — I  mean, 
physically  destroy  it  ? 

Mr.  Stevens.  Miles  of  it. 

Senator  Morgan.  I  was  coming  to  that  in  a  moment,  when  I  got 
the  other  proposition  squarely  before  the  committee.  So  that  in  con- 
templating the  future  of  this  canal  and  the  financial  situation  that  it 
will  create,  we  must  calculate  on  throwing  away  property  that  is  now 
worth  $20,000,000,  and  if  its  income  should  be  doubled  by  the  time 
the  canal  is  completed  we  will  throw  away  $40,000,000  worth  of  prop- 
erty. That,  then,  will  be  added  to  the  expense  of  any  canal  through 
Panama,  whether  a  lock  canal  or  a  sea-level  canal— the  throwing 
away  of  $40,000,000  that  we  necessarily  invest,  besides  what  we  are 
poiiig  to  invest,  or  are  obliged  to  invest  in  making  the  changes  of 
location? 

I  wish  to  ask  you  about  these  benches  that  run  along  the  diggings, 
through,  for  instance,  the  Culebra  Heights.  Are  they  wide  enough 
to  susUtin  railroad  beds  ?  * 

Mr.  Stevens.  The  benches  as  proposed ! 

Senator  Morgan.  As  they  exist.    In  the  diggings  you  have  left 
benches. 
Mr.  Stevens.  Yes,  sir. 
Senator  Morgan.  They  have  been  left? 
Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  Are  they  wide  enough  to  sustain  railroads? 
Mr.  Stevens.  That  is,  work  tracks,  to  do  the  digging  on  ? 
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Senator  Morgan.  Yes. 

Mr.  Stevens.  Yes,  sir. 

Senator.  Morgan.  So  that  it  is  not  necessary,  really,  that  the  rail- 
road that  is  carried  through  this  cut  should  be  built  right  on  the  beim 
of  the  canal  ?     You  could  carry  it  up  to  the  next  bench,  if  you  choose  ? 

Mr.  Ste\^ns.  Oh,  yes,  sir. 

Senator  Morgan.  So  that,  whether  it  is  a  sea-level  or  a  lock  canal, 
there  will  be  through  all  of  the  cuts  facilities  for  building  railroad 
lines? 

Mr.  Stevens.  On  the  slope  of  the  cut;  on  the  benches  in  the  slope? 

Senator  Morgan.  Yes. 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  All  along  through? 

Mr.  Stevens.  Yes. 

Senator  Morgan.  Those  roadbeds  will  be  good  beds? 

Mr.  Stevens.  Oh,  undoubtedly. 

Senator  Morgan.  Now,  then,  in  changing  the  location  of  the  rail- 
road, that  ought  not  to  be  finally  changed,  I  suppose,  until  you  have 
got  the  benches  constructed  there  at  such  elevations  on  either  side 
of  the  diggings  as  will  enable  vou  to  haul  your  trains,  of  course,  con- 
veniently at  proper  gradients? 

Mr.  Stevens.  Yes. 

Senator  Morgan.  I  think  I  noted  in  the  proposition  of  the  minority 
of  the  board  that  the  bed  of  the  railroad,  as  at  present  located,  woula 
have  to  be  changed,  and  that  it  would  pass  through  the  ridge  that 
makes  the  abutment  of  the  locks  at  Gatun.  It  would  have  to  pass 
through  that  ridge? 

Mr.  Stevens.  Yes ;  it  would  either  have  to  pass  through  that  ridge 
or  go  over  it. 

Senator  Morgan.  Is  it  practicable  at  present  to  carry  the  railroad 
right  alon^  up  the  right  bank  of  the  Chagres  and  through  these  cuts? 
Is  it  practicable  to  make  a  change  at  the  present  time  ? 

Mr.  Stevens.  Not  without  building  a  new  roadbed. 

Senator  Morgan.  Not  without  building  a  new  roadbed? 

Mr.  Stevens.  No,  sir. 

Senator  Morgan.  You  have  got  the  great  gap  cut  down  to  a  certain 
depth  and  are  proceeding  to  cut  it  down,  and  indeed  you  have  got 
railroad  lines  or  tracks 

Mr.  Stevens.  But  not  lines  of  the  Panama  Railroad  proper. 

Senator  Morgan.  I  know ;  other  tracks,  though,  that  are  usable  f oi 
transporting  the  soil? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  Take  from  one  side  to  the  other  of  that  8-mile 
cut  there ;  is  it  in  such  condition  as  that  the  Panama  Railroad  could 
at  present  be  located  through  that  cut? 

Mr.. Stevens.  The  track  could  not  be  laid  without  a  great  deal  of 
work,  to  get  from  point  to  point. 

Senator  Morgan.  The  minority  report  seems  to  provide  for  the 
crossing  of  the  canal  by  the  railroad  at  some  point  about  Bohio. 
or  above  Bohio,  when  the  final  location  is  made.  When  you  showed 
the  route  of  the  railroad,  to  make  room  for  this  lake  it  seems  that  they 
go  up  on  the  right  bank  of  the  Chagres  River  and  cross  over  to  the 
left  bank,  and  then  get  into  the  track  that  they  have  got  now,  which 
winds  around  this  Culebra  Hill. 
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Mr.  Stevens.  That  is  not  my  impression,  Senator. 

Senator  Moegan.  It  is  not  your  impression? 

Mr.  Stevens.  I  would  not  recommend  it  in  any  case. 

Senator  Morgan.  What  is  your  impression  about  where  that  rail- 
road track  is  to  run  ? 

Mr.  Stevens.  It  should  run  east,  or  on  the  right  bank  of  the  Cha- 
gres,  all  the  way,  on  the  valley  of  the  lake. 

Senator  Morgan.  All  the  way  through  ? 

Mr.  Stevens.  Clear  through  the  cut  to  Panama.  I  would  not  at- 
tempt to  cross  the  canal  with  it  at  all. 

Senator  Morgan.  That  was  my  difficulty.  Evidently,  I  think,  the 
minority  report  here  provides  for  the  crossing  of  this  lake  by  this 
railroad,  and  I  did  not  understand  why  that  was  necessarv. 

Mr.  Stevens.  I  would  not  advocate  putting  any  bricTges  or  any- 
thing like  that  across. 

Senator  Morgan.  It  would  be  impracticable.  So  that  when  we 
come  to  the  final  location  of  that  railroad,  the  permanent  location  of 
it,  if  we  may  say  so,  it  must  be  on  the  right  bank  of  the  Chagres 
River? 

Mr.  Stevens.  I  should  certainly  say  so ;  yes,  sir. 

Senator  Morgan.  And  it  would  cross  theViver  on  the  dam  at  Gam- 
boa,  if  there  was  one,  and  if  not,  on  a  bridge? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  That,  then,  means  that  whether  you  have  a  sea- 
level  route  or  whether  j^ou  have  a  lock  canal  this  railroad,  to  answer 
the  purposes  for  which  it  is  designed,  both  in  assistance  of  the  canali- 
zation of  that  country  arid  also  transporting  commerce,  must  go  up 
the  right  bank  of  the  Chagres  and  cross  it  about  Gamboa,  or  at  Gam- 
boa,  and  then  on  through  on  that  same  side  of  the  canal  until  it  gets 
down  to  the  coast  ? 

Mr.  Stevens.  Yes,  sir ;  that  would  be  my  idea. 

Senator  Morgan.  Then  either  plan,  the  sea-level  canal  or  the  lock 
canal,  implies  that  that  railroad  is  to  be  taken  up  and  built  through, 
from  Colon  to  Panama,  along  the  right  bank  oi  the  Chagres  River, 
thence  right  along  on  the  same  side  of  the  canal  until  you  get  to 
Panama  ? 

Mr.  Stevens.  That  is  my  understanding;  yes,  sir. 

Senator  Morgan.  That  would  have  to  oe  done,  I  suppose,  within 
the  next  five  years  ? 

ilr.  Stevens.  Well,  the  roadbed  would  necessarily  have  to  be  pre- 
pared during  the  construction  of  the  canal;  but  you  would  not 
necessarily  lay  the  track  until  just  before  you  were  ready  to  destroy 
the  railway — thaMs,  to  finish  the  canal. 

Senator  Morgan.  So  that  the  transference  of  this  railroad  from  one 
roadbed  to  another,  and  its  maintenance,  from  this  time  until  the 
canal  is  completed,  is  likely  to  involve  very  heavy  expenditures? 

Mr.  Stevens.  Yes,  I  think  both  reports  have  covered  their  esti- 
mated cost.     It  is  included  in  their  totals. 

Senator  Morgan.  What  grade  would  you  think  you  could  aflFord  to 
have  throuffh  these  cuts  for  a  railroad  that  would  answer  all  the  pur- 
poses that  this  road  is  designed  for? 

Mr.  Stevens.  Well,  as  I  said  before,  I  can  see  very  little  use  for 
a  railroad  after  the  canal  is  built.  Therefore  I  would  neces^rily 
build  a  comparatively  cheap  line. 
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Senator  Morgan.  A  steep  line  ? 

Mr.  Stevens.  A  cheap  lirte.  I  would  use  moderately  sharp  curva- 
ture and  heavy  grades.  I  should  think  1^  to  2  per  cent  would  be 
allowable. 

Senator  Morgan.  A  line  that  would  be  50  feet  above  the  surface 
level  of  the  canal  would  not  be  too  high,  would  it? 

Mr.  Stevens.  I  do  not  see  the  necessity  for  putting  it  that  high. 
The  higher  you  go  in  a  mountainous  country,  as  a  rule,  the  sharper 
the  slopes  and  the  more  the  expense  of  construction. 

Senator  Morgan.  There  is  no  practical  difficulty  in  building  a  rail- 
road through — no  engineering  difficulty  ? 

Mr.  Stevens.  No,  sir;  nothing  but  what  can  be  done  within  reason. 

Senator  Morgan.  Many  railroads  are  built  over  worse  ground  than 
that? 

Mr.  Stevens.  Undoubtedly.  , 

Senator  MoroaJ^.  That  is  all  I  desire  to  ask.  Later  on  I  shall  have 
a  question  to  ask  Mr.  Stevens  about  another  matter. 

Senator  Hopkins.  Was  not  Mr.  Stevens  after  the  recess  to  go  on 
and  give  a  full  explanation  of  the  majority  report  and  what  they 
suggested  ? 

Senator  Kittredge.  I  would  like  to  ask  one  question,  if  I  maj^ : 
What  does  the  minority  report  of  the  consulting  engineers  recom- 
mend in  regard  to  the  minimum  usable  dimensions  of  the  locks  ? 

Mr.  Stevens.  Nine  hundred  feet  long  and  95  feet  wide,  according 
to  my  recollection. 

Senator  Kittredge.  I  noticed  in  the  report  of  the  board  this  state- 
ment: "As  a  basis  for  all  plans,  the  board  resolved  by  11  affirmative 
votes  and  2  negative  that  the  locks  should  have  as  minimum  usable 
dimensions  a  length  of  1,000  feet,  a  width  of  100  feet,  and  a  depth  of 
40  feet.'' 

Mr.  Stevens.  I  think  the  minority  report  made  different  recom- 
mendations afterwards.  I  am  not  afile  to  put  my  hand  on  it  in  this 
report,  but  that  is  my  recollection  of  it.  I  may  be  able  to  find  it  here. 
As  a  matter  of  fact,  most  men  who  are  familiar  with  locks  prefer  in 
locking  a  ship  through  to  have  very  little  clearance  between  the  side 
of  the  ship  and  the  side  of  the  lock  wall. 

Senator  Kittredge.  That  is,  no  doubt,  true ;  but  I  assume  that  the 
recommendation  of  the  board  was  to  enable  the  locks  to  accommodate 
the  largest  ships  that  might  in  the  future  be  constructed. 

Mr.  Stevens.  Yes,  sir. 

Senator  Kittredge.  That  was  the  purpose  ? 

Mr.  Stevens.  Thej^  have  gone  into  it  very  thoroughly  here  in  their 
report — very  exhaustivelv,  at  least. 

Senator  Ivittredge.  \^v  does  the  minority  report  of  the  board 
sav  900  feet? 

iVIr.  Stevens.  I  could  not  tell  you  that. 
•   Senator  Kittredge  (continuing).  Instead  of  a  thousand  feet,  as  all 
but  two  seem  to  state  in  the  report. 

Mr.  Stevens.  I  do  not  seem  to  find  that  now,  but  that  is  my  recol- 
lection. Of  course,  I  may  be  wrong.  My  recollection  is  that  they 
recommend  900  feet  usable  length  and  95  feet  breadth. 

Senator  Kittredge.  I  can  find  it  later  just  as  well.  You  have  thus 
far  said  nothing  about  the  cost,  Mr.  Stevens,  of  the  construction  of  the 
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canal  recommended  by  the  minority  of  the  consulting  engineers,  or  of 
the  time  that  it  would  take  to  build  the  canal. 

Mr.  Stevuns.  As  I  said  in  commencing  this  programme  to-day,  I 
did  not  consider  myself  delegated  to  go  mto  all  those  matters.  The 
consulting  board,  I  understand,  was  created  to  furnish  information  to 
the  Conmiission  and  to  Confi^ress.  I  have,  however,  checked  inde- 
pendently of  the  board,  and  independently  of  anyone,  an  exactly 
similar  proposition,  before  any  figures  that  the  board  had  made  were 
available,  and  my  figures  correspond  very  closely  with  those  that  are 
given  here. 

Senator  Anksny.  You  mean  in  the  minority  report? 

Mr.  Stevens.  The  minority  report;  yes,  sir.  In  other  words,  my 
figures  at  the  outset  were  150  millions,  and  I  believe  their  estimate 
here  is  139,700,000. 

Senator  Kittbedge.  Does  that  mean  $150,000,000  in  addition  to  the 
amount  already  appropriated? 

Mr.  Stevens.  As  the  work  stands  to-day,  with  the  cost  of  the  equip- 
ment that  has  been  ordered  in. 

Senator  Kittrbdqe.  One  hundred  and  fifty  millions  in  addition  to 
that? 

Mr.  Stevens.  No;  the  cost  of  the  equipment  that  has  been  ordered 
up  to  this  time  would  be  included  in  that. 

Senator  Kittbedge.  Up  to  date  21  millions  have  been  appropriated 
for  construction  purposes;  is  the  150  millions  you  have  mentioned  to 
be  in  addition  to  that  sum? 

ilii.  Stevens.  Only  in  part,  I  think.  I  could  not  tell  without  going 
back  te  my  notes  in  regard  to  that.  I  do  not  know  that  I  kept  my 
notes.  I  do  not  think  I  did.  You  see,  Senator,  I  have  had  to  de- 
pend, like  all  the  rest  of  the  people,  on  the  figures  that  these  men  have 
made,  largely. 

Senator  Kittbedge.  I  understand.  I  simply  wanted  to  get  your 
ideas  of  these  matters  as  we  go  alon^.  Can  you  tell  us  what  your 
recollection  is  as  to  what  part  of  the  $21,000,000  already  appro- 
priated is  to  be  included  in  tnis  150  millions? 

Mr.  Stevens.  I  could  not  tell  you  that,    I  do  not  recall  now. 

Senator  Mobgan.  Suppose  we  take  up  the  sea-level  canal. 

Senator  Kittbedge.  May  I  ask  another  question?  What  about  the 
question  of  time  in  the  construction  of  the  canal  recommended  by  the 
minority  of  the  consulting  engineers? 

Mr.  Stevens.  In  running  through  the  details,  before  they  made 
their  report,  of  a  plan  along  similar  lines,  and  making  the  allowances 
I  felt  justified  in  making,  I  figured  about  one  year  less  than  they  have. 
1  think  they  figured  ei^t  years  or  nine  years,  and  I  figured,  1  think, 
seven.    Possibly  their  estimate  is  a  safer  estimate  than  mine. 

The  Chaibman.  Mr.  Stevens,  suppose  you  take  the  report  of  the 
majority  of  the  Board,  and  go  through  it,  having  gone  over  this 
minority  report  pretty  generally  with  the  committee.  I  think  we 
had  better  teke  that  up  right  from  the  report  itself.  Have  you  a  copy 
of  it  there? 

Mr.  Stevens.  Yes,  sir.  I  was  looking  to  find  that  stetement  of  the 
dimaisions  that  we  had  this  morning.  If  I  had  known  the  lines 
which  this  talk  would  teke,  I  would  have  gotten  things  in  concrete 
shape,  so  that  I  could  answer  questions  more  accurately.    The  fact 
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of  the  matter  is  that  I  have  not  read  either  of  these  reports  for  several 
days,  and  I  have  only  read  them  twice  each.  I  have  taken  no  time 
to  prepare.  Along  what  line  do  you  wish  me  to  proceed,  Mr. 
Chairman  ? 

The  Chairman.  I  think  you  had  better  read  along,  and  let  the 
gentlemen  present  ask  you  any  questions  they  may  desire  to  put.     * 

Senator  Hopkins.  Why  not  first  show  us  the  canal  as  it  will  be  if 
constructed  along  those  lines,  and  then  elaborate  it  along  practically 
the  same  lines  as  you  did  the  minority  report? 

Mr.  Stevens.  I  will  show  you,  as  far  as  I  can,  on  this  map.  The 
my)  is  not  complete  for  this  project. 

Senator  Gorman.  Is  there  any  better  map  obtainable? 

Mr.  Stevens.  I  do  not  know  of  any  better  map. 

The  Chairman.  They  sent  that  to  us  from  the  Commission  as  the 
best  they  had. 

Mr.  Stevens.  You  understand  that  the  maps  to  accompany  these 
reports  have  none  of  them  been  filed  yet. 

As  nearly  as  possible  I  tried  to  illustrate  this  morning  the  changes, 
or  rather  the  definite  location  that  the  board — and  when  I  say 
"  board  "  I  mean  the  sea-level  project — reported  on,  going  north,  out 
to  sea,  here  at  Colon,  and  leaving  the  present  line  of  the  canal,  which 
you  understand  is  here  at  about  this  point  [indicating  on  map]. 

Senator  Gorman.  Name  the  points  as  you  mention  them. 

Mr.  Stevens.  Well,  we  will  call  it  near  Mindi.  It  is  hard  work  to 
state  specifically,  because  the  distances  are  so  long  here,  and  they  have 
not  given  any  definite  points,  except  a  few.  Swinging  out,  about  as 
indicated,  cutting  through  this  point  and  making  the  terminus  of  the 
canal  proper,  the  41-foot  line,  about  where  my  ruler  is  on  the  map 
here. 

In  other  words,  they  come  through  more  like  that  [indicating  on 
map],  forming  that  channel  as  shown  on  this  list,  from  Limon  Bay, 
that  meets  the  outer  harbor  line,  for  a  distance  of  4.07  miles,  500  feet 
wide;  that  4.07  miles  extending  about  to  Mindi.  I  will  refer  to  this 
other  map  on  the  table  here  for  distance,  because  it  is  the  only  one 
that  has  the  miles  mentioned  on  it.  [After  consulting  map.]  Yes; 
extending  to  Mindi.  The  breakwater  would  lie  outside  of  that, 
paralleling  this  channel,  clear  out  to  the  harbor  line.  My  recollec- 
tion is  that  they  put  a  short  breakwater  on  the  inner  side,  too,  at 
Mindi. 

Senator  Kittredge.  That  breakwater  is  near  the  present  town  of 
Colon  or  Cristobal. 

Mr.  Stevens.  Right  out  through  the  harbor.  It  runs  in  front  of 
the  town.  From  4.72  miles— that  is,  at  Mindi— to  16  miles,  which  is 
12  miles,  following  the  present  line,  they  propose  to  make  the  canal 
150  feet  wide  on  the  bottom. 

Senator  Kittredge.  And  how  wide  at  the  surface  of  the  water? 

Mr.  STEAnENS.  I  think  their  slopes  are  2  to  1 ;  that  is,  for  every  foot 
in  rise  you  would  fall  back  2  feet.  With  a  40-foot  cutting  you  would 
fall  back  80  feet  on  either  side,  or  160  feet  on  both  sides.  One  hun- 
dred and  sixty  added  to  150  gives  you  310  at  the  surface  of  the  40- foot 
cutting. 

That  same  proposition  holds  good  right  through,  clear  through  the 
mileage  to  the  Sosa  locks,  with  varying  width  all  the  way  through. 
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Senator  Eottredoe.  Do  you  mean  the  Sosa  locks? 

Mr.  Stevens.  I  mean  the  Miraflores  locks^  clear  through.  For 
instance,  commencing  a^in  from  Limon,  4.7  miles,  your  width  would 
be  500  feet.  I  am  speaking  now  of  the  bottom ;  from  4.7  to  7  miles, 
160  feet;  from  7  miles  to  16, 150  feet;  from  16  miles  to  17  miles,  200 
feet — I  am  dro}>ping  the  decimals;  from  17  to  23  miles,  150  feet; 
from  23  to  24  nules,  150  feet;  from  24  to  25  miles,  200  feet;  from  25 
to  27  miles,  160  feet;  from  27  to  81  miles,  200  feet;  from  81  to  82 
miles,  200  feet 

Senator  Kittredge.  Let  me  ask  you:  You  have  now  reached  the 
Culebra  cut? 

Mr.  Stevens.  No,  sir.  We  will  reach  the  Culebra  cut  proper  at 
Obispo,  at  31.  Did  I  get  that  far?  Yes.  From  81  to  44  miles,  200 
feet.  That  includes  the  entire  Culebra  cut,  and  through  nearly  to 
La  Boca,  200  feet;  that  is  only  a  short  fraction.  From  44  to  46 
miles,  300  feet;  from  46.87  to  45.60  miles,  300  feet;  from  46.50  to 
45.87  miles,  350  feet;  thence  to  the  Pacific  terminus,  300  feet  The 
^gg^g^te  would  be,  then,  for  the  sea-level  canal,  that  you  would  have 
for  4.72  miles  a  width  of  500  feet. 

Senator  Gorman.  On  the  surface  or  on  the  bottom  ? 

Mr.  Stevens.  On  the  bottom.  You  would  have  3.9  miles  800  feet 
wide.  You  would  have  18.8  miles  200  feet  wide.  You  would  have 
21  miles  150  feet  wide,  with  a  total  length  of  the  canal  of  49.8  miles. 
It  is  hard  to  carry  this  in  your  head. 

With  a  lock  canal  jou  will  have  19.6  miles  1,000  feet  wide  or  more. 
You  will  have  3.8  miles  800  feet  wide.  You  will  have  12.7  miles  600 
feet  wide;  6.8  miles  300  feet  wide;  5.3  miles  200  feet  wide;  with  a 
total  length  of  49.7  miles.  • 

Senator  Kittredge.  Did  the  first  figures  give  the  width  of  the  canal 
at  the  surface  of  the  water  or  at  the  bottom  ? 

Mr.  Stevens.  At  the  base  of  the  excavation.  At  the  bottom  of  the 
canal. 

Senator  Kittbedge.  What  were  the  last  figures?  They  referred  to 
the  surface  of  the  water,  did  they  not? 

Mr.  Stevens.  The  last  ones  that  I  read  ? 

Senator  Kittredge.  Yes. 

Mr.  Stevens.  Those  were  the  widths  of  the  lock  canal. 

Senator  Kittredge.  They  refer  to  the  surface  of  the  water,  do  they 
not? 

Senator  Dryden.  They  refer  to  the  bottom. 

Mr.  Stevens.  They  refer  to  the  bottom.  When  I  say  a  thousand 
feet  or  more,  that  means  through  the  lakes.  It  might  be  2  miles  wide, 
you  know. 

Senator  Hopkins.  With  this  canal,  how  much  deeper  do  you  go 
than  with  the  lock  canal  ? 

Mr.  Stevens.  With  the  lock  canal,  as  proposed  by  the  minority, 
you  go  the  difference  between  plus  40  and  minus  40,  which  is  80  feet; 
or  Dius  45  and  minus  40,  which  is  85  feet. 

Senator  Simmons.  The  whole  length  of  the  canal,  or  only  part? 

Mr.  Stevens.  From  the  Gatim  dam  to  the  Pedro  Miguel  lock, 
under  the  minority  report;  at  the  sea  level  from  the  outer  harbor  line 
to  Gatun  on  the  north  line,  and  from  the  outer  line  to  Sosa  on  the 
south  end. 
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Senator  Gorman.  The  difference  being  whether  you  cut  off  that 
point  ornot? 

Mr.  Stevens.  That  is  all  the  difference.  The  minority  made  a 
swing  out  there  to  avoid  a  lot  of  expensive  rock,  which  they  do  not 
get  here. 

Senator  Kittredge.  What  was  the  reason  of  the  majority  in  going 
through  that  point;  did  they  have  any  reason  that  you  know  of? 

Mr.  Stevens.  Nothing  except  to  get  an  absolutely  straight  line. 

Senator  Dryden.  In  the  sea-level  project  they  propose  to  erect 
tidal  dams  and  one  or  two  tidal  locks?  • 

Mr.  Stevens.  Yes,  sir. 

Senator  Dryden.  How  do  they  get  the  boats  over  those? 

Mr.  Stevens.  By  the  regular  locks;  just  like  any  lock. 

Senator  Dryden.  So  that  they  would  not  avoid  the  necessity  of 
lifting  the  boats  up? 

Mr.  Stevens.  Tnere  would  be  times  when  you  would  lift  them, 
and  times  when  you  would  drop  them. 

Senator  Kittredge.  And  times  when  they  would  run  through  on 
the  tide? 

Mr.  Stevens.  Yes.  You  would  lock,  but  not  nearly  as  much  as 
you  would  to  lift  the  boat  clear  up. 

Senator  Kjttredge.  There  would  be  times  when  there  would  be  no 
locks  either  way? 

Mr.  Stevens.  Undoubtedly;  yes,  sir. 

Senator  Hopkins.  You  estimated  the  length  of  time  that  it  would 
take  to  go  through  the  locks  on  the  lock  canal;  how  long  a  time  do 
you  estimate  that  it  will  take  under  the  sea-level  canal  to  go  through 
the  locks?  • 

Mr.  Stevens.  To  so  through  the  locks?  I  should  not  suppose  that 
it  would  take  over  fifteen  or  twenty  minutes.  I  understand  that  at 
the  Poe  lock  on  the  St  Marys  Canal  they  put  ships  through  in  nine 
minutes. 

Senator  Morgan.  Is  that  the  British  lock? 

Mr.  Stevens.  No,  sir;  the  Poe  lock  is  the  American  lock.  I  can 
not  think  of  anything  more  through  this  stretch  of  the  canal  up  to 
Qa.mboa  to  call  your  attention  to,  with  the  exception  of  a  mass  or  de- 
tail that  is  rather  hard  for  you  to  carry  in  mind,  concerning  the  di- 
verging channels.  It  is  proposed  to  dig  new  beds  for  the  larger  and 
more  important  streams  all  the  way,  parallel  with  the  canal,  to  keep 
them  out  of  the  canal  proper;  to  maKe  a  new  channel  for  them  on 
either  side  of  the  dikes.  For  instance,  all  these  streams  that  come  in 
here  [indicating  on  the  map].  Still  farther  back  here  are  all  those 
strong  influent  streams  that  come  in  here  [indicating  on  the  map]. 
They  take  these  down  through  these  channels,  dig  them  from  one  to 
the  other,  enlarge  the  old  French  channels,  mafing  a  diversion  of 
their  waters,  and  eventually  discharge  them  away  across  the  country 
here,  into  Admiralty  Bay,  1  think  they  call  it. 

Senator  Hopkins.  They  make  new  beds  for  all  the  rivers? 

Mr.  Stevens.  All  the  large  ones ;  yes,  sir. 

Senator  Gorman.  Is  that  estimated  for  in  this  minority  report? 

Mr.  Stevens.  There  is  an  estimate  for  it. 

Senator  Gorman.  Is  it  included  in  their  total? 

Mr.  Stevens.  Yes,  sir. 
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Senator  Hopkins.  This  is  the  plan  of  the  majority,  not  of  the 
minority. 

ilr.  Stevens.  This  is  the  plan  of  the  majority. 

Senator  Hopkins.  How  do  you  dispose  of  the  Chagres  River  under 
the  sea-level  plan? 

Senator  Kittredge.  He  is  coming  to  that  after  a  little  while,  I 
think,  Senator. 

Mr.  Stevens.  Thev  dispose  of  that  bv  bringing  it  through  regulat- 
ing sluices  in  their  nigh  dam.  I  think  they  have  stated  it  in  their 
report  better  than  I  can.  As  far  as  the  regulation  of  the  Chagres 
River  at  that  point  is  concerned,  they  undertake  to  put  up  this  very 
high  dam.     You  will  find  it  on  page  26  of  their  report. 

Senator  Dryden.  At  what  point  did  they  put  that  dam  ? 

Mr.  Stevens.  About  one-third  above  the  prism  of  the  canal.  Right 
there  between  those  mountains.  I  believe  the  dam  is  to  be  about  180 
feet  high,  or  something  like  that,  and  half  a  mile  long. 

Senator  Hopkins.  What  is  to  be  its  width  ? 

Mr.  Stevens.  Its  thickness? 

Senator  Hopkins.  Yes;  its  thickness. 

Mr.  Stevens.  Mv  recollection  is  that  they  propose  a  masonry  dam. 
By  holding  back  tnis  water,  you  understand,  they  will  be  able  theo- 
retically to  let  it  come  whenever  they  want  to,  and  in  such  quantities 
as  they  want — ^that  is,  the  floods  are  never  so  continuous  that  they 
would  fill  this  dam,  or  anywhere  near  it,  so  that  there  is  no  danger 
of  the  water  going  over  the  top.  In  other  words,  they  hold  back 
this  reservoir  until  this  flood  is  over,  and  then,  by  opening  this  spill- 
way or  the  regulation  gates,  they  would  let  just  as  much  or  just  as 
little  come  through  as  they  please. 

Senator  Morgan.  If  I  understand  it,  the  canal  prism  is  to  take  care 
of  all  that  water? 

Mr.  Stevens.  Yes;  that  is  m^  understanding.  

Senator  Morgan.  And  the  diversion  that  is  mentioned  iirto~take 
care  of  the  water  of  the  smaller  streams? 

Mr.  Stevens.  Yes,  sir.  To  <]uote  from  the  third  paragraph,  on 
page  26  of  the  report  of  the  majority  of  the  Board : 

•  •  ♦  So  that  If  15,000  cubic  feet  of  flood  water  per  second  from  the 
Chagres  be  permitted  to  enter  the  canal  prism  at  Gamboa,  the  resulting  current, 
if  the  entire  quantity  admitted  flows  in  one  direction,  will  be  but  li  miles  per 
boTir,  a  negligible  quantity,  so  far  as  Its  effects  upon  navigation  are  concerned ; 
but  the  plans  for  a  sea-level  canal  contemplate  a  provision  that  would  permit 
the  discharge  through  the  canal  prism  and  regulating  sluices  near  the  tidal  lock 
on  the  Pacific  side  of  approximately  one-third  of  this  Gamboa  discharge. 

In  other  words,  they  intend  to  use  all  of  that,  all  this  flood  water, 
in  reduced  quantities,  so  that  it  will  not  affect  the  navigation  of  the 
canal.  It  is  providea  for  in  this  way :  There  is  no  obstruction  going 
out  to  the  ocean,  and  that  is  why  they  put  a  spillway  over  there,  that 
I  will  explain. 

Senator  Kittredge.  That  is,  a  spillway  in  connection  with  the  tidal 
lock  at  Miraflores  ? 

Mr.  Stevens.  Yes;  near  Miraflores.  This  diversion  here  that  I 
outlined  on  the  map  is  continued  through  on  the  east  side.  On  the 
west  side  there  are  some  very  large  streams  that  come  in,  the  Trini- 
dad, I  think,  being  the  largest,  that  they  intend  to  bring  right  into 
the  Chagres  River,  and  by  a  system  of  dikes  to  keep  them  from  going 
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to  the  canal.    I  have  not  gone  into  that  matter  thoroughly  enough  to 
know  the  exact  details,  but  they  are  explained  in  the  report. 

The  other  streams  above  it,  on  the  west  side,  clear  up  through  the 
crest  of  the  mountains,  they  propose  to  take  care  of  in  various  ways. 
As  to  the  more  important  of  them  they  intend  to  build  dams,  or  plan 
to  build  dams,  ana  let  the  resulting  basins  that  are  formed  by  tnese 
dams  fill  up  to  a  certain  point,  and  then  thev  go  backward.  In  other 
words,  they  run  water  up  hill.  The  watershed  are  right  here  [indi- 
cating on  map]. 

Senator  Morgan.  You  run  the  water  across  the  watersheds? 

Mr.  Stevens.  Exactly.  There  are  several  of  those  that  I  found  in 
the  report  that  are  back  in  the  jungle,  at  points  that  I  have  never  vis- 
ited. We  have  no  particular  surveys,  no  borings  at  all  to  indicate 
their  size,  character,  or  foundations,  or  anything  of  the  sort. 

Senator  Kittredge.  Are  there  anv  records  in  your  office  on  the  sub- 
ject? 

Mr.  Stevens.  Not  that  I  am  aware  of.  The  only  record  that  I 
know  of  is  a  contour  map  from  which  an  engineer  can  make  a  rough 
estimate  of  the  size  of  the  dam. 

Senator  Morgan.  Do  they  furnish  to  the  Government  here  in  their 
report  a  detailed  statement  of  what  these  various  works  would  be  out- 
side of  the  canal  ? 

Mr.  Stevens.  I  understand  they  do.  Those  are  the  plans  that  we 
have  not  got. 

Senator  Morgan.  Yes. 

Mr,  Stevens.  That  same  scheme  of  taking  care  of  influent  water 
holds  all  the  way  through  the  canal.  I  know  in  the  estimates  there 
are  $3,600,000 — 1  think  that  is  the  estimate ;  the  record  will  correct 
me  if  I  am  wrong. 

Senator  Hopkins.  For  taking  care  of  the  various  rivers? 

Mr.  Stevens.  Yes,  sir;  including  these  dams  and  spillways.  I 
would  not  attempt  to  guarantee  that  estimate.  I  would  not  care  to 
express  an  opinion,  further  than  to  say  that  it  would  seem  to  me,  in 
the  absence  of  accurate  data  for  borings,  and  special  surveys,  that 
there  is  a  great  deal  of  guesswork  in  it.  in  other  words,  I  think,  with 
all  due  respect  to  the  men  who  made  it,  that  it  is  an  assumption  that 
I  do  not  believe  their  data  warrants.  To  put  it  plainly,  to  my  mind 
going  back  there  and  establishing  dams  means  roads,  sanitation,  polic- 
ing, and  things  like  that.  That  estimate  is  just  as  liable  to  be  three 
times  as  much,  as  it  is  to  be  what  they  have  got  it,  because  we  are 
going  into  the  unknown. 

Senator  Morgan.  If  the  regulation  works  on  either  of  these  impor- 
tant streams  running  into  the  Chagres  should  fail,  that  would  mean 
disaster  ? 

Mr.  Stevens.  If  the  Gamboa  dam  should  fail,  the  canal  would  be 
wrecked  in  ten  minutes. 

Senator  Morgan.  How  about  these  small  streams,  the  Trinidad  and 
so  on? 

Mr.  Stevens.  They  do  not  interrupt  navigation  for  the  time  being. 
They  might  bring  down  an  immense  amount  of  detritus. 

Senator  Morgan.  This  system  would  be  built,  under  the  care  of  the 
management  of  the  canal,  including  the  number  of  outlets  and  dams 
that  are  intended  to  regulate  these  waters,  to  protect  the  canal  against 
the  influent  waters  ?  • 
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Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  The  care  of  these  works  would  be  in  the  hands  of 
the  employees 

Mr.  Stevens.  I  think  I  see  the  idea  that  is  in  your  mind,  Senator. 
Of  course  it  is  an  axiom  in  the  maintenance  of  a  railway  that  you 
want  to  concentrate  everything  you  can  imder  the  eye  of  the  man 
who  is  responsible  for  the  maintenance.  In  other  words,  we  say  that 
a  section  man  never  sees  anything  outside  of  the  end  of  a  tie.  That 
is  unfortunately  correct.  In  other  words,  if  we  have  a  bad  washout, 
through  something  just  outside  of  the  line  that  diverted  the  water 
to  it.  It  is  not  reported,  because  the  man  in  inunediate  charge  does  not 
understand  the  importance  of  it. 

Senator  Hopkins.  The  breaking  away  of  the  dam  of  the  Chagres 
River  would  destroy  the  canal  instantly? 

Mr.  Stevens.  Yes,  sir.  It  would  put  it  out  of  commission,  without 
Question.  You  can  imagine  what  the  effect  would  be  of  letting  150 
teet  of  water,  less  than  a  quarter  of  a  mile  or  a  third  of  a  mile  awav, 
right  into  the  canal ;  although,  of  course,  it  is  contemplated  to  build 
such  a  dam  as  never  would,  by  any  possibility,  let  that  happen. 

Senator  Kittredge.  What  are  the  conditions  for  the  construction 
of  a  dam  in  that  vicinity  ? 

Mr.  Stevens.  They  are  very  good.  At  50  feet  you  have  solid  rock, 
and  also  on  the  wings. 

Senator  Kittredge.  What  is  the  character  of  the  rock  at  that 
point? 

Mr.  Stevens.  It  is  a  trap  rock;  a  fine  rock  foundation.  It  is  all 
right. 

Senator  Kittredge.  Is  there  any  more  danger,  if  a  dam  were  con- 
structed at  that  point,  of  its  breaking  away  than  there  would  be  with 
any  dam  under  similar  circumstances? 

Mr.  Stevens.  No,  sir ;  I  do  not  think  so,  outside  of  the  question  of 
earthquakes. 

Senator  Kittredge.  Do  you  know  of  any  earthquakes  having  oc- 
curred in  that  country? 

Mr.  .Stevens.  I  have  not  got  any  record  of  any  earthquakes.  We 
have  an  earthquake  machine  at  Ancon — that  is,  at  Panama — ^but  it 
has  only  been  running  for  a  few  months. 

Senator  Kittredge.  Did  you  ever  see  the  straight  arch  in  the  old 
church  at  Panama? 

Mr.  Stevens.  Yes,  sir. 

Senator  KmREDGE.  Do  you  know  how  long  that  has  been  there? 

Mr.  Stevens.  I  suppose  two  hundred  years  or  more. 

Senator  Kittredge.  Any  serious  earthquake  would  have  destroyed 
that,  would  it  not? 

Mr.  Stevens.  Well,  that  is  a  mystery  to  me — how  it  stands.  I  have 
heard  the  explanation,  but  it  does  not  satisfy  my  mind.  I  can  not 
explain  it  from  an  engineering  standpoint — why  it  does  stand. 

Senator  Kittredge.  Is  not  that  quite  a  convincing  argument  that 
earthquakes  never  happen  at  Panama  ? 

Mr.  Stevens.  Decidedly,  to  my  mind.  I  can  not  conceive  of  an 
earthquake  of  any  severity  at  all  but  what  would  destroy  that  arch. 

Senator  Kittredge.  So  that  there  is  not  any  danger  of  the  dam  at 
Gamboa  being  destroyed  by  an  earthquake? 
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Mr.  Stevens.  I  would  not  say  that  there  was  no  danger,  but  I  sup- 
pose there  is  no  place  in  the  world  but  what  is  liable  to  nave  an  earth- 
quake. That  is  one  reason  why  I  made  the  statement  this  morning 
that  I  preferred  an  earthen  dam  to  a  masonry  dam  anvwhere,  because 
I  do  not  think  an  immense  earthen  dam  could  be  aestroyed  by  an 
earthquake. 

Senator  Dryden.  I  should  like  to  get  your  views  as  to  the  relative 
advantages  of  these  two  systems  of  canals  to  commerce,  as  to  expense 
and  time  inpassing  through  and  also  as  to  war  vessels. 

Senator  ElTttredoe.  Would  it  not  be  better  to  let  him  go  ahead  on 
this  line  until  he  gets  through? 

Senator  Dryden.  I  thought  he  had  come  to  a  point  where  he  could 
stop. 

Senator  Kittredge.  I  do  not  think  he  has  finished. 

Senator  Dryden.  Before  the  conclusion  of  his  statement  I  would 
like  to  ask  that 

The  Chairman.  Go  riffht  bIohs  and  get  through  with  this  branch 
of  the  subject.    I  think  mat  would  be  tetter. 

Mr.  Stevens.  I  do  not  know  of  any  other  point  that  I  can  bring  out. 

The  Chairman.  You  have  only  got  about  two-thirds  of  the  way 
across  as  yet. 

Mr.  Stevens.  We  have  got  up  to  Oamboa. 

The  Chairman.  Yes. 

Mr.  Stevens.  That  is  at  mile  31,  as  I  recollect.  From  this  point 
to  the  Culebra  cut,  so  called — ^that  is,  through  the  summit  cut — ^they 
propose  tlie  same  width  as  the  minority  people — ^200  feet. 

Tne  Chairman.  That  is,  at  the  bottom  of  the  canal? 

Mr.  Stevens.  Yes,  sir.  In  that  respect  the  passage  through  that 
4  or  6  miles,  or  8  miles,  rather,  would  be  the  same,  with  the  exception 
that  for  a  certain  distance  from  Obispo  to  up  near  Las  Cascadas,  the 
minority  people  make  it  300 ;  and  for  a  certain  distance  at  the  west 
end,  near  Paraiso,  they  made  it  300.  In  other  words,  they  shorten 
their  200- feet  stretch  by  about  3  miles. 

We  come  through  tas  Cascadas,  Emperador,  and  Pedro  Miguel, 
where  we  leave  the  heavy  cutting  between  there  and  Miraflores,  and 
we  drop  down  to  the  tidal  flats.  In  other  words,  extreme  high  tides 
run  up  these  streams  about  to  Miraflores. 

Here,  as  I  explained  this  morning,  at  Miraflores,  or  in  that  imme- 
diate vicinity,  the  majority  report  takes  an  entirelv  new  location, 
straight  from  Miraflores,  passes  between  Ancon  and  Sosa  Hills,  near 
La  Boca,  running  directly  out  to  sea,  and  placing  their  tidal  locks  at 
Sosa. 

Senator  Kittredge.  No;  at  Miraflores,  is  it  not ? 

Mr.  Stevens.  At  Sosa. 

Senator  Kittredge.  In  the  majority  report?  . 

Mr.  Stevens.  Yes,  sir. 

Senator  Kittredge.  Maybe  I  misunderstood  it.  I  understood  that 
their  tidal  lock  was  at  Miraflores. 

Mr.  Stevens.  I  have  talked  so  much  about  locks  that  maybe  I  have 
got  mixed  up  about  it 

Senator  Kpttredoe.  I  think  you  will  find  that  they  place  their 
tidal  lock  at  Miraflores. 
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Mr.  Stevens.  I  will  read  from  page  45,  paragraph  5,  of  the 
majority  report : 

The  canal  continues  in  a  straight  line  through  the  swamps  to  and  through 
the  saddle  between  Ancon  and  Sosa  Hills,  where  the  tidal  lock  is  to  be  placed, 
and  thence  to  deep  water  off  the  Isle  Flamenco.  From  Miraflores  to  the  lock 
the  canal  will  be  leveed  so  as  to  prevent  the  tidal  flow  from  entering  it  save 
through  Corozal  sluices. 

The  French  plan  required  a  tidal  lock  at  Miraflores,  some  5  miles  from  the 
baj  shore,  whereas  in  the  new  location  it  will  be  in  the  low  Ancon-Sosa  saddle, 
thus  bringing  it  almost  to  the  margin  of  the  shore  and  avoiding  the  long  ap- 
proach channel  wherein  tidal  currents  might  exist  if  the  locks  for  their  control 
were  at  Miraflores,  far  inland. 

Senator  Morgan.  What  would  be  about  the  length  of  that  em- 
bankment? 

Mr.  Stevens.  Through  here  [indicating  on  map]  ? 

Senator  Morgan.  Yes. 

Mr.  Stevens.  A  third  of  a  mile  or  a  quarter  of  a  mile. 

In  regard  to  the  last  part  of  that  quotation,  it  is  held  by  some  au- 
thorities that  in  a  narrow  channel,  such  as  we  would  have  here, 
comparatively  narrow,  that  the  difference  between  high  and  low  tide 
is  so  great,  being  23  feet  at  extreme  tide,  that  the  incoming  tide  would 
produce  current,  making  it  difficult  to  navigate.  That  is  purely 
theoretical. 

Senator  Kittredge.  That  is  the  reason  they  put  the  tidal  lock 
there? 

Mr.  Stevens.  Yes. 

Senator  Kittredge.  At  Sosa,  instead  of  at  Miraflores? 

Mr.  Stevens.  Yes,  sir.  I  should  be  inclined  to  doubt  it,  but  my 
opinion  probably  is  not  of  great  value  on  that  point. 

I  had  Dorings'made  probably  every  thousand  feet,  straight  through 
this  line,  and  a  lot  of  borings  all  through  here  [indicating  on  map], 
and  at  this  point  here,  where  you  see  these  fine  lines  [indicating], 
there  is  quite  a  rise  of  ground ;  I  think  the  summit  is  40  to  50  feet 
above  the  general  surface  of  the  swamp.  That  is  rock,  and  there 
would  be  heavy  rock  cutting  through  there,  where  thev  propose  to  go. 
On  account  of  the  location  of  the  rock  at  that  point,  they  put  in  their 
overflow  works,  their  regulation  works,  there,  that  were  supposed  to 
take  about  one-third  of  the  overflow  that  comes  from  the  Gamboa 
dam.  Instead  of  letting  it  all  ^o  that  way  [indicating  on  map], 
they  let  part  of  it  through  here  [indicating]  by  these  artificial  regu- 
lation works. 

Senator  Morgan.  If  the  gentlemen  are  through  asking  specific 
questions,  I  should  like  to  put  a  general  question  to  vou.  If  you  build 
a  lock  canal  at  an  elevation  of  85  feet,  with  a  safe  dam  at  Gatun,  safe 
locks  at  the  same  location,  and  safe  locks  all  the  way  through  to  the 
Panama  Bay ;  and  if,  on  the  other  hand,  you  build  the  canal  recom- 
mended by  tne  majority,  a  sea-level  canal,  with  safe  sea-mtes  at  Sosa, 
£0  that  either  canal  should  be  made  in  the  best  way  in  which  it  can  be 
made — shipowners  and  insurance  officers  are  deeply  interested  in  the 
safety  of  the  navigation  of  a  ship  in  the  sea-level  canal,  for  instance, 
as  compared  with  the  lock  canal  which  I  have  just  been  trying  to  de- 
scribe— ^what  dangers  are  to  be  apprehended,  reasonably,  in  the  navi- 
gation of  the  lock  canal,  that  are  greater  in  such  a  case,  as  I  supposed, 
uxan  the  dangers  of  navigating  a  sea-level  canal  of  the  same  sort? 
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Mr.  Ste^^ns.  I  suppjose  there  is  no  doubt  but  what  there  is  always 
danger  in  passing  a  snip  through  a  lock,  and  the  greater  the  niunbier 
of  the  locks  the  more  danger  there  is.  That  would  be  the  disadvan- 
tage, if  it  could  be  so  called,  of  the  lock  canal.  With  a  sea-level 
canal  I  should  imagine  the  greatest  danger  would  exist  in  ihe  com- 
paratively narrow  crooked  aiannel,  the  danger  of  meeting  passing 
ships,  and  the  danger  of  grounding,  and  the  danger  of  heavy  masses 
like  an  18,000-ton  or  a  20,000-ton  ship  running  into  the  wall  Even 
at  very  slow  speed  such  a  vessel  would  have  a  tremendous  momentum. 

Senator  Morgan.  Comparing  the  two  together,  which  do  you  think 
would  be  the  least  dangerous  for  ships? 

Mr.  Stevens.  As  you  have  discovered,  my  faith  is  pinned  to  a  lock 
canal.    Therefore  I  would  think  the  lock  canal  would  be  the  safer. 

Senator  Morgan.  That  is  your  opinion? 

Mr.  Stevens.  That  is  my  opinion ;  yes. 

Senator  Morgan.  Your  opinion  is  that  of  the  two  canals  proposed, 
both  of  them  constructed  as  perfectly  as  art  can  provide,  the  danger 
of  the  navigation  of  a  sea-level  canal  is  greater  than  that  of  a  lock 
canal  ? 

Mr.  Stevens.  A  sea-level  canal  constructed  of  the  dimensions  that 
are  proposed  here  ? 

Senator  Morgan.  That  is  what  I  mean.  I  mean  the  propositions 
that  are  before  the  committee. 

Mr.  Stevens.  Yes,  sir.  There  is  no  doubt  in  the  wide  world  that 
if  you  had  a  very  wide  canal,  say  1,000  feet  all  the  way  through,  at 
sea  level — in  other  words,  what  has  been  called  a  strait— that  would 
be  ideal.  There  is  no  reason  to  believe,  however,  that  it  would  not  be 
bej'ond  the  finances  of  even  the  United  States. 

Senator  Morgan.  And  even  that  great  broad  strait  that  Mr.  Bunau- 
Varilla  speaks  of  might  not  let  enough  water  through  from  the 
Pacific  Ocean  to  submerge  the  islands  in  the  Caribbean  Sea  ? 

Mr.  Stevens.  I  do  not  think  it  would  do  that;  no,  sir. 

Senator  Morgan.  You  think  not? 

Mr.  Stevens.  That  is  all  theory,  you  know.    I  could  not  say. 

Senator  Hopkins.  You  have  said  that  you  prefer  the  lock  canal. 
I  wish  you  would  give  in  detail  your  reasons  for  that  opinion,  regard- 
less of  anything  in  either  the  majority  or  the  minority  report. 

Senator  Morgan.  Has  he  not  already  given  them  in  detail  ? 

Mr.  Stevens.  I  will  give  them  very  quickly,  in  general:  I  think 
for  a  less  price  you  are  getting  a  superior  article. 

Senator  Hopkins.  Wnat  do  you  mean  by  a  superior  article? 

Mr.  STE^^NS.  A  better  canal. 

Senator  Hopkins.  In  what  respects  is  it  better  ? 

Mr.  Stevens.  In  respect  to  time  of  navigation ;  in  respect  to  safetjr ; 
in  respect  to  the  ease  with  which  in  the  future,  if  you  require  it,  it 
can  be  so  quickly  and  cheaply  enlarged.  To  illustrate:  Supposing 
that  the  canal  was  built,  as  I  notice  the  minority  board  have 
reported  in  favor  of,  45  feet  throughout,  excepting  in  the  locks,  where 
it  would  be  40  feet.  I  presume  the  extra  5  feet  is  to  avoid  dredging 
continually.  Suppose  it  should  be  decided  that  45  feet  or  40  feet,  as 
the  case  may  be,  did  not  provide  water  enough.  ^Vhat  would  be  the 
process?  We  have  a  dam  built  that  practically  is  strong  enough 
to  carry  water  clear  to  the  top  of  it  without  any  danger  whatever. 
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All  you  have  to  do  to  deepen  36  miles  of  that  canal  is  simply  to  raise 
the  bottome  of  your  sluice  gates  5  feet.  You  have  deepened  the 
entire  lake,  and  consequently  the  canal,  for  36  miles,  without  any 
dredging  or  other  work  than  leveling  to  get  the  50  feet  through.  It 
is  omy  necessary  to  dredge  the  two  approaches,  the  sea-level  ap- 
proaches, about  12  miles. 

Senator  Gorman.  You  would  raise  your  locks? 

Mr.  Stevens.  Yes;  you  would  have  to  rebuild  your  locks.  The 
locks  would  undoubtedly  have  to  be  rebuilt  anyway  when  that  time 
came. 

Senator  Eottredge.  Why  would  they  have  to  be  rebuilt  anyway  ? 

Mr.  Stevens.  If  you  needed  a  larger  capacity  than  they  have  rec- 
ommended, 95  by  900  feet. 

Senator  Kittredge.  Is  there  anything  in  the  construction  of  them 
that  would  require  rebuilding? 

Mr.  Stevens.  Oh,  no;  not  until  their  capacity  got  to  be  too  small. 

Senator  GtOrman.  If  you  increase  the  depth  of  water,  you  would 
have  to  increase  the  height  of  your  lock? 

ilr.  Stevens.  A  little;  yes,  sir.  What  they  really  would  do  in- 
stead of  rebuilding  the  existing  locks  would  be  to  build  new  locks 
alongside — of  larger  dimensions. 

Senator  Dryden.  Let  me  repeat  the  question  which  I  put  to  you 
some  time  ago :  Eliminating  trie  element  of  danger  which  you  have 
referred  to  just  now,  what  would  be  the  relative  advantages  to  com- 
merce and  to  the  Government  in  respect  to  its  vessels,  as  to  expense 
and  time,  of  these  two  systems,  for  the  boats  passing  through  this 
canal? 

Mr.  Stevens.  The  comparison  as  to  time,  Senator,  is  hard  to  dem- 
onstrate. I  think  the  two  reports  have  gone  into  that  more  or  less. 
I  am  not  a  sailor  or  a  ship  captain,  and  of  course  all  my  ideas  are 
2otten  from  observation  and  not  by  actual  experience.  JBut  we  do 
Snow  this:  That  in  the  Soo  Canal,  which  is  the  longest  example  of 
a  canal  in  the  world — something  like  90  miles,  I  believe — no  two  ships 
are  allowed  to  pass  at  speed.  They  have  passing  points  established 
here  and  there,  where  they  have  to  "drop  in  to  one  side,  and  are  side- 
tracked. That  is  done  whenever  two  ships  meet.  They  have  both 
to  come  down  to  a  very  slow  speed,  and  one  of  them  has  to  be  tied  up 
at  the  shore,  and  to  lie  there  until  the  other  ship  has  passed,  just  as 
is  done  when  two  trains  pass  each  other  on  a  single-track  railway. 

That  same  condition  oi  operation  would  undoubtedly  obtain  in  the 
Panama  Canal  on  the  sea-ievel  proposition,  with  the  widths  indi- 
cated here.  In  other  words,  it  would  be  absolutely  unsafe  for  two 
ships  to  pass  otherwise,  with  a  width  of  150  feet,  which  you  must 
figure  as  the  width  at  the  bottom. 

Senator  Morgan.  Both  of  them  being  in  motion  ? 

Mr.  Stevens.  Both  of  them  being  in  motion ;  and  you  would  have 
to  have  these  passing  places  rigged  up  with  small  docks,  with  snub- 
bing posts,  and  one  oi  the  ships  would  absolutely  have  to  tie  up  in 
order  to  be  safe.  A  ship  might  go  through  and  meet  with  no  other 
ship,  or  it  might  meet  six  or  eight.  You  can  not  tell  anything  about 
thiat  Whenever  they  met  there  would  be  that  delay.  In  addition  to 
that,  with  a  narrow  channel  and  a  comparatively  crooked  channel, 
their  speed  must  be  slow.    I  do  not  think  any  of  us  comprehends  the 
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tremendous  impact  of  one  of  these  big  vessels  weighing  so  man^ 
thousand  tons,  even  when  it  is  moving  only  a  mile  an  nour,  if  it 
strikes  any  obstacle.    And  the  larger  the  ships  the  greater  the  danger. 

In  other  words,  with  one  of  these  large  ships,  if  the  pilot  lost  con- 
trol of  her  for  an  instant,  she  would  go  slap  against  the  side  of  the 
canal,  whether  it  was  a  sea-level  canal  or  any  other  kind  of  a  canal ; 
and  the  narrower  that  channel  is  the  greater  is  the  danger.  Then, 
too,  the  danger  with  a  sea-level  canal  at  that  depth,  and  with  a  nar- 
row channel,  is  that  at  a  number  of  points  there  are  small  streams 
coming  in  from  this  diversion  channel.  With  that  cut  through  there, 
40  feet  below  the  level,  it  is  the  lowest  point  in  the  coimtry,  and 
evenrthing  must  drain  into  it.  It  is  the  sewer  of  the  country.  These 
small  streams  will  be  bound  to  bring  in  more  or  less  mud,  and  will 
form  little  bars. 

When  you  take  water  that  carries  an  amount  of  soil — ^in  other 
words,  muddy  water,  depending  on  the  velocity  and  the  saturation, 
or  the  amount  of  soil  in  the  water — ^the  water  carries  this  detritus 
along,  and  whenever  that  water  stops  dead  slow,  there  is  only  one 
thing  for  the  sediment  to  do,  and  that  is  to  deposit;  and  it  deposits 
more  or  less  all  the  time,  in  proportion  to  the  velocity  of  the  current. 
That  is  what  has  caused  the  estuary  of  the  Mississippi  and  tJiese 
other  rivers,  and  that  is  what  has  caused  the  bar  at  the  mouth  of 
the  Mississippi.  There  are  numberless  little  streams  of  this  kind 
that  will  come  into  the  canal  at  all  points  along  the  line,  with  the 
narrow  restricted  channel  of  200  feet,  or  150  feet,  for  miles,  in  my 
opinion,  and  there  will  constantly  be  danger  of  these  little  points, 
that  the  utmost  vigilance  could  not  protect.  They  would  have  to  be 
continually  cleaned  out.  Sooner  or  later  ships  would  go  aground, 
which,  of  course,  would  be  disastrous. 

Senator  Morgan.  Anticipating  that  Congress  may  come  to  the 
conclusion,  corresponding  to  the  recommendations  of  Professor  Mor- 
rison, first,  that  Bohio  is  the  key  of  the  lock  canal  in  the  Isthmus, 
and,  secondly,  that  it  is  practicable  to  build  an  earthen  dam  with  a 
stone  core  at  Bohio,  and  in  order  to  meet  that  view  of  the  subject 
(which  it  is  entirely  possible,  if  not  probable,  will  be  presented  to 
Congress)  I  wish  to  ask  you  whether  you  have  made  examinations 
of  the  borings  that  have  been  made  at  Bohio? 

Mr.  Stevens.  Yes,  sir ;  I  have  looked  into  them. 

Senator  Morgan.  Are  the  conditions  there  such  as  that  you  would 
advise  the  building  of  an  earth  dam,  say,  on  the  same  principles  that 
the  minority  of  the  committee  advise  the  building  of  an  earth  dam  at 
Gatun  ?  Do  you  think  an  earth  dam  could  be  as  safely  built  at  Bohio 
as  it  could  be  at  Gatun? 

Mr.  Stevens.  I  do  not;  no,  sir. 

Senator  Morgan.  In  order  to  build  a  dam  at  Bohio  of  that  char- 
acter, would  it  be  necessary  to  excavate  below  128  feet,  where  the 
Isthmian  Canal  Commission  of  1901  found  bowlders  that  they  mis- 
took for  solid  bottom  ?  Would  it  be  necessary  to  go  below  that?  If  I 
understood  Mr.  Wallace's  statement  correctly,  having  bored  through 
these  bowlders,  he  found  rotted  wood  and  other  material  there  of  a 
character  that  would  bear  water,  down  to  within  a  foot,  or  such  a 
matter,  of  the  bottom  of  the  geological  gulch.  Would  it  not  be  neces- 
sary, with  the  statements  that  have  been  made  by  Mr.  Wallace,  or  the 
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explorations  that  have  been  made  by  him,  to  take  out  all  that  material 
down  to  the  botom  of  that  gulch,  and  replace  it  with  other  material? 

ifr.  Stevens.  Well,  the  material  at  Bohio,  as  demonstrated  by 
these  later  borings — ^Mr.  Wallace  made  all  the  borings — showed  that 
instead  of  bowlders  they  had  solid  rock.  Then  they  went,  instead  of 
128  feet,  to  a  depth  of  163  feet  before  they  struck  what  they  finally 
decided  was  solid  rock.  At  different  distances  down  from  the  surface 
all  the  way  across  they  got  a  great  deal  of  coarse  gravel,  water-bearing 
strata,  without  any  clav  at  all,  possiblv  30  or  40  feet  in  thickness. 
Undoubtedly  water  will  flow  through  that  subterranean  strata. 

Senator  Morgan.  They  foimd  wood  under  there,  too,  did  they  not? 

Mr.  Stevens.  I  do  not  recall  the  wood. 

Senator  Morgan.  That  is  a  fact. 

Mr.  Stevens.  That  has  escaped  my  memory,  if  I  ever  knew  it. 

As  far  as  going  down  to  the  bottom  and  taking  out  and  replacing 
that  is  concerned,  that  is  a  question  that  engineers  are  very  stron^fly 
divided  on.  Greorge  Morrison — I  presimie  you  mean  Professor  lifor- 
rison? 

Senator  Morgan.  Yes. 

Mr.  Stevens.  I  think  his  opinion  was  that  the  underflow  there 
coold  be  neglected. 

Senator  Morgan.  Yes. 

Mr.  Stevens.  That  it  would  be  safe  to  build  a  dam  without  ffoing 
down  there,  I  would  not  care  to  say.  I  should  feel  much  safer  if  that 
underflow  was  cut  off,  if  I  were  gomg  to  build  a  dam  there. 

Senator  KrrrREDGE;  Where  does  that  underflow  go  to  after  it  passes 
Bohio? 

Mr.  Stevens.  It  comes  out  again  below,  in  the  river. 

Senator  KrrrREDGE.  Whereabouts? 

Mr.  Stevens.  Nobody  knows.  You  know  that  the  Missouri  River 
above  South  Dakota,  away  up  there,  carries  more  water  than  it  does 
below. 

Senator  Kittredge.  Yes. 

Senator  Morgan.  You  found  in  the  borings  at  Gatun,  or  the  ex- 
plorations that  were  made  there,  that  in  conseqfuence  of  the  slowing 
down  of  the  currents  coming  down  this  geological  ffulch  the  heavier 
materials,  such  as  bowlders  and  coarse  gravel  and  the  like,  had  been 
deposited  above  Gatun,  and  that  there  this  finer  material,  the  sand, 
<:tc.,  and  clay,  had  been  deposited  on  the  bottom,  or  near  the  bottom, 
at  Gatun? 

Mr.  Stevens.  We  found  that  difference  in  the  material,  and  the 
only  explanation  that  seemed  reasonable  to  me  is  that  one. 

Senator  Morgan.  Does  not  the  building  of  an  earth  dam  to  hold 
back  a  great  volume  of  water  depend  upon  the  compactness  of  the 
material  at  the  bottom  of  that  dam  more  than  upon  tne  compactness 
of  the  material  uphigher  on  the  dam  ? 

Mr.  Stevens.  Why,  of  course  the  water  has  more  effect  in  filtration 
through  where  the  pressure  is  the  greatest.  Consequently  the  bottom 
shoula  be  more  compact. 

Senator  Morgan.  So  you  found  the  advantage  in  favor  of  Gatun 
that  was  missing  at  Bohio  ? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  That  is  the  situation? 

Mr.  Stevens.  Yes,  sir. 
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Senator  Morg^.  To  say  nothing  of  the  wood,  if  the  wood  was 
there? 

Mr.  Stevens.  Yes. 

Senator  ifoROAN.  In  what  way  was  it  that  the  Isthmian  Canal 
Commission  happened  to  make  this  mistake  or  oversight  about  hav- 
iiig  gone  to  the  bottom  in  those  borings? 

Mr.  Stevens.  I  do  not  know,  Senator.  It  was  before  my  time,  you 
know. 

Senator  Morgan.  Suppose  they  had  not  used  diamond  drills,  would 
they  be  likely  to  cut  through  the  bowlders  and  get  to  the  bottom? 

Mr.  Stevens.  I  think  the  diamond  drill,  bringing  up  a  core,  is  the 
only  reasonable  way. 

Senator  Morgan.  They  all  said  that  they  did  not  use  diamond 
drills,  but  used  what  I  call  chum  drills,  although  I  do  not  know 
that  I  am  correct  about  that.  I  will  get  you  to  describe  to  the  commit- 
tee, if  3^ou  please,  one  of  these  water  drills,  or  churn  drills,  and  then 
the  diamond  drill,  as  to  the  manner  of  handling  them,  and  the  effect 
of  them. 

Mr.  STE^"ENS.  The  ordinary  water  drill  means  simply  a  pipe,  2 
inches  in  diameter,  for  the  sake  of  illustration,  that  is  driven  down. 
Then  a  jet  of  water  is  pumped  down  or  forced  into  that,  and  that 
loosens  the  material  up.  Then  you  place  inside  of  that,  to  carry  your 
water  jet  down,  a  smaller  pipe.  As  the  water  loosens  up  the  material 
in  the  larger  pipe  it  is  forced  up  through  the  annular  space  between 
the  two  pipes,  and  the  smaller  pipe  gradually  goes  on  down  and  you 
keep  on  driving  the  larger  pipe  down. 

Senator  Morgan.  In  that  way  artesian  wells  are  driven  ? 

Mr.  Stevens.  Yes.  A  diamond  drill  is  a  drill  that  is  run  by  ma- 
chinery and  that  goes  down  with  an  auger,  you  might  call  it,  with 
the  cutting  surface  formed  of  black  carbon,  called  diamond,  and 
that  forces  a  core,  cuts  an  annular  section,  and  forces  the  inside  right 
up,  so  that  you  get  samples  as  you  go  down. 

Senator  Morgan.  You  get  samples  at  the  various  depths? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  The  large  bowlders  would  stop  one  of  these  water 
drills? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  It  would  not  go  through  it? 

Mr.  Stevens.  No,  sir.  Of  course  if  you  made  a  careful  examina- 
tion you  would  go  off  a  little  distance  and  try  again  somewhere  else. 

Senator  Morgan.  So  that  the  real  occasion  of  the  mistake  was  the 
fact  that  they  used  water  drills  on  the  Bohio  site  instead  of  diamond 
drills? 

Mr.  Stevens.  Or  else  they  did  not  drill  holes  enough.  I  could  not 
say.  If  they  had  found  a  bowlder  and  they  had  gone  off  and  drilled 
three  or  four  more  holes  in  different  places  they  would  have  gotten 

by  it. 

Senator  Morgan.  Your  opinion  is,  then,  that  a  dirt  dam  would  be 
very  difficult  to  construct,  and  not  entirely  reliable  after  it  was  built, 
if  it  was  located  at  Bohio  ? 

Mr.  Stevens.  I  do  not  know  as  the  difficulty  of  construction  would 
vary  any  at  either  place,  but  I  feel  this  way,  that  I  would  not  con- 
demn an  earth  dam  at  Bohio,  neither  would  I  say  that  it  is  perfectly 
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?afe.  I  would  say  that  I  would  feel  rather  dubious  as  to  the  out- 
come, not  because  I  think  the  dam  would  go  out,  but  I  would  think, 
owing  to  this  gravel — this  percolating  material  below  it — that  you 
might  lose  a  great  deal  of  your  water  there. 

Senator  Morgan.  Some  question  has  been  alluded  to,  rather  than 
stated  precisely,  in  the  majority  report,  and  I  believe  also  in  the 
minority  report,  in  r^ard  to  the  preservation  of  a  canal  against 
efforts  to  destroy  it  with  dynamite  or  any  kind  of  explosives.  Which 
of  these  canals  would  you  think  would  be  most  liable  to  a  successful 
assault  in  that  direction  ? 

Mr.  Stevens.  You  have  brought  up  a  point  that  I  have  riven  some 
thought  to.  Not  being  a  military  man,  I  do  not  suppose  1  am  com- 
petent to  express  an  opinion,  but  if  you  will  allow  me  to  wander  on 
m  my  own  way,  I  will  give  you  my  idea  of  it. 

Senator  Morgan.  That  is  what  1  want  you  to  do. 

Mr.  Stevens.  I  did  not — ^and  I  use  theVord  "  did  "  advisedly — ^in 
my  own  mind  favor  putting  any  locks  near  the  sea  or  any  artificial 
works  whatever.  The  plan  that  I  carried  in  my  mind  when  I  said 
that  I  made  an  estimate  of  $150,000,000  did  not  contemplate  any 
dams  at  Sosa  or  any  artificial  works  at  all.  I  proposed  about  the 
same  elevation — I  tliink  I  said  80  feet — for  the  high-level  canal,  as 
is  proposed  in  the  minority  report,  and  I  proposed  putting  my  entire 
lockage  system  at  the  south  at  Pedro  Miguel  and  Miranores  there 
together,  with  this  idea  in  view:  That  the  locks  at  that  point  will 
be  from  SJ  to  9  miles — we  will  say  8  miles — in  a  straight  line  from  the 
nearest  point  where  a  ship  can  lie,  providing  she  reduced  the  forti- 
fications in  the  outer  harbor.  In  other  words,  she  would  come  up 
to  the  mouth  of  the  canal  and  could  lie  there,  but  she  would  have 
to  throw  a  shell  8  or  9  miles  before  she  could  strike  anything  that 
she  could  damage. 

The  same  condition  prevails  exactly  on  the  north  end,  with  the 
dams  at  Gatun.  It  is  about  8  or  9  miles  to  where  a  hostile  ship 
could  .lie,  unless  she  came  directly  into  the  canal.  She  would  not 
have  anything  to  shoot  at.  My  notion  is  that,  with  a  small  object 
like  a  lock  lying  at  an  unknown  point — unless  the  enemy  had  abso- 
lutely correct  charts — a  ship  woula  have  pretty  hard  work  to  do  any 
damage  at  that  distance. 

Then,  my  idea  at  the  south  end  of  not  creating  that  lake  was  one 
that  was  touched  upon  this  morning,  not  to  make  an  artificial  fresh- 
water lake  right  at  the  doors  of  Panama  on  account  of  mosquitoes 
and  fever  breeding. 

Senator  Hopkins.  How  would  you  get  from  the  sea  up  to  Mira- 
flores? 

Mr.  Stevens.  By  dredging  a  channel;  bringing  the  sea  level  to 
Miraflores,  just  the  same  as  flie  minority  proposes  to  bring  it,  at  the 
other  end,  to  Gatun. 

Senator  Kittredge.  They  are  agreed,  substantially,  up  to  Gatun, 
are  thev  not  ? 

Mr.  Stevens.  Yes,  sir. 

Senator  Hopkins.  You  would  make  your  rise  of  85  feet  instead  of 
30  there? 

ilr.  Ste\'ens.  Yes;  I  would  make  my  entire  rise  there. 

Senator  Morgan.  We  have  been  speaking  of  an  enemy  who  might 
invade  from  the  outside  with  ships.     Suppose  Panama  should  get  at 
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war  with  the  United  States,  which  she  has  a  perfect  right  to  do,  if 
she  wants  to,  what  protection  could  we  possibly  have  against  their 
dynamiting  our  ships  in  that  Culebra  cut? 

Mr.  Stevens.  You  would  not  have  any,  unless  you  policed  it  there 
so  thoroughly  that  they  could  not  get  in  there. 

Senator  Morgan.  There  is  nothing  else  that  would  prevent  it,  ex- 
cept the  absolute  power  and  control  over  it  in  a  military  sense  ? 

Mr.  Stevens.  That  is  my  opinion  exactly. 

To  go  on  a  little  further  about  the  way  these  two  canals  could  be 
destroyed  in  case  of  war,  of  course,  given  a  suflScient  amount  of  hiffh 
explosives  and  time  and  a  few  determined  men,  you  can  blow  lo&s 
so  as  to  ruin  them.  So  you  can  the  Gamboa  dam;  so  you  can  the 
spillways.  I  can  go  to  several  places  on  any  canal,  a  sea-level  canal 
particularly,  because  it  is  deeper,  and  the  slopes  are  very  much 
higher,  with  a  few  thousand  pounds  of  high  explosives  and  a  few 
determined  men  to  help;  me,  and  I  can  place  any  canal  there  out  of 
service  in  a  very  short  time.  I  would  simply  put  that  high  explosive 
against  the  face  of  those  bluffs  and  touch  it  on  and  go  away.  I  could 
shoot  hundreds  of  thousands  of  pounds  right  in  mere  where  there 
are  no  artificial  works  at  all,  simply  the  slopes  of  the  mountain. 

Senator  Morgan.  That  means  that  if  I'anama  should  be  at  war 
with  the  United  States,  we  would  be  absolutely  in  her  power! 

Mr.  Stevens.  We  would  have  to  protect  our  canal ;  there  is  no 
question  about  that. 

My  reason  for  being  in  favor  of  putting  these  artificial  works  in- 
land I  have  explained.  It  seemed  clear  to  me  that  that  was  the 
safest  way.  In  other  words,  if  a  man  goes  out  in  a  blizzard  his  hands 
are  safer  in  his  pockets  than  they  are  outside. 

Senator  Morgan.  That  brings  me  back  to  my  original  proposition, 
Senator  Dryden. 

Senator  Dryden.  I  have  always  had  a  pretty  strong  leaning  to  that 
proposition. 

Mr.  Stevens.  I  have  ascertained  that  the  minority  figures — I 
merely  give  this  as  hearsay,  although  I  have  no  doubt  tnat  it  is  cor- 
rect— the  figures  which  they  have  made  and  their  analysis  show  that 
the  proposition  to  put  the  locks  at  Sosa  and  the  dam  there  is  some 
$6,000,000  cheaper  than  the  proposition  to  put  the  locks  inland.  Six 
million  dollars  is  a  good  deal  or  money,  and  I  do  not  know  whether 
.the  military  or  sanitary  necessities  would  justify  the  expenditure  at 
Panama  of  that  sum- 
Senator  Dryden.  Have  you  made  a  calculation  of  the  cost  and  the 
length  of  time  that  it  would  take  to  construct  a  sea-level  canal  ? 

Mr.  Stevens.  No,  sir ;  I  have  not. 

Senator  Dryden.  I  have  not  read  the  majority  report,  and  there- 
fore I  do  not  know  whether  they  stated  an  estimate. 

Mr.  Stevens.  I  think  they  say  about  fifteen  years. 

Senator  Dryden.  And  at  what  cost? 

Senator  Kittredge.  Twelve  or  thirteen  years,  they  say. 

Mr.  Stevens.  Yes. 

Senator  Simmons.  Do  they  make  any  estimate  of  the  cost? 

Mr.  Stevens.  Two  hundred  and  forty-seven  million  dollars. 

Senator  Klittredoe.  Do  you  prefer  a  lock  canal  with  an  elevation 
of  85  feet  to  a  lock  canal  with  an  elevation  of  60  feet? 


INVESTIGATION   OF   PANAMA   CANAL   MATTERS.  63 

Mr.  Ste\i:ns.  Why,  as  between  the  difference  in  cost,  as  I  recall 
it— I  can  not  give  you  that  cost  now — I  prefer  the  85  feet. 

Senator KiTTREDGE.  Why? 

Mr.  Stevens.  Simply  because  you  have  got  so  much  more  deep, 
wide  navigation  that  your  canal  can  be  navigated  a  little  quicker  on 
diat  account,  and  that  it  can  be  so  readily  enlarged. 

Senator  Kittredge.  Why  not  increase  the  elevation  ? 

Mr.  Stevens.  Above  60  leet? 

Senator  Kittredge.  Above  85. 

Mr.  Stevens.  Well,  of  course  there  is  a  limit  that  you  do  not  care 
to  so  above  in  anything.  I  would  be  in  favor  of  any  lock  canal 
rather  than  a  sea-level  canal,  to  be  frank  with  you.  I  do  not  meaji 
that  I  would  go  up  to  150  feet  or  200  feet,  but  1  mean  any  elevation 
Tip  practically  to  85  or  90  feet. 

Senator  Hopkins.  The  85-foot  elevation  that  j^ou  have  is  one  pro- 
tection against  the  overflow  of  the  river  there,  is  it  not,  at  Gamboa  ? 

Mr.  Stevens.  Yes,  sir.  Of  course  with  anything  below  80  or  85 
feet  the  problem  of  the  regulation  of  the  overflow  from  the  Chagres 
has  got  to  be  met  again 

Senator  Hopkins.  Yes. 

Mr.  Stevens  (continuing).  By  dams  at  Gamboa.  Going  up  to  80 
or  85  feet  you,  in  my  opinion,  eliminate  that  and  settle  what  is  the 
great  engineering  proposition.  That  is  the  reason  for  going  to  that 
elevation. 

Senator  Hopkins.  But  at  60  feet  you  would  not  eliminate  that? 

Mr.  Stevens.  At  that  height  it  would  be  necessary  to  build  the 
Gamboa  dam,  in  my  opinion. 

Senator  Hopkins.  That  was  the  impression  that  I  gathered  from 
your  discussion  of  that  matter  before  the  recess. 

Mr.  Stevens.  You  see,  with  the  elevation  of  60  feet  you  would  only 
throw  10  feet  of  water  through  the  Gamboa  gap. 

Senator  Hopkins.  Yes. 

Mr.  Stevens.  In  other  words,  that  would  be  very  near  the  edge  of 
ihe  dead  water,  and  then,  undoubtedly,  these  heavy  currents  coming 
down  there  would  make  navigation — well,  it  might  not  destroy  it, 
Imt  it  would  make  navigation  through  that  section  of  the  canal  diffi- 
cult while  they  were  coming  in. 

Senator  Hopkins.  Yes. 

Mr.  Stevens.  I  regard  the  solution  of  the  engineering  difficulties  in 
building  the  Panama  Canal  to  be  the  control  of  the  Chagres  River. 

Senator  Hopkins.  Yes. 

Mr.  Stevens.  There  are  grave  questions  to  be  met,  of  course. 

Senator  Hopkins.  But  that  is  the  question  ? 

Mr.  Stevens.  To  my  mind,  yes. 

Senator  Hopkijjs.  And  the  most  feasible  way  of  doing  that  is  by 
the  lock  canal  with  an  85-foot  elevation? 

Mr.  Stevens.  That  is  my  candid  belief. 

The  first  time  I  went  over  the  canal,  you  might  say — the  second 
lime  I  ever  went  across  the  Isthmus — of  course  I  had  in  mind  the 
proposition  that  had  been  advanced,  largely  by  the  old  Commission 
of  1901  and  1902.  I  could  see  the  force  of  the  argument  very  readily 
about  taking  care  of  the  Chagres  River.  I  had  understood  from 
various  writings  that  Bohio  was  the  lowast  point  in  the  valley  where 
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the  dam  could  be  built.  The  first  thing  that  occurred  to  me  was:  Is 
it  a  fact  or  is  it  an  assumption?  Ana  going  down  through  there  I 
noted  the  narrowness  down  here  at  Gatun.  I  immediately  asked 
some  of  my  assistants  why  they  selected  Bohio  instead  of  Gamboa. 
They  said  the  dam  at  Bohio  was  better  than  at  Gatun.  I  found  that 
there  were  no  borings  there,  and  that  they  did  not  know  anything 
about  it.  I  commenced  to  get  ready  to  find  out.  About  that  time 
there  came  a  request  of  the  consulting  board,  which  convened  here 
the  1st  of  September.  They  cabled  down  instructions  to  go  on  with 
borings  at  Gatun — just  what  I  was  preparing  to  do — with  the  result 
that  we  have  explained,  that  in  the  opinion  of  everyone,  I  think, 
Qatun  proved  to  oe  the  better  site. 

Senator  Kittredoe.  A\Tiat  about  the  comparative  expense  of  main- 
tenance and  operation? 

Mr.  Stevens.  That  is  gone  into  very  thoroughly  in  the  report. 
You  can  get  a  better  idea  from  the  report  about  mat  than  I  can  give 
you. 

Senator  Kittredoe.  A  comparison  has  been  made  in  the  majority 
report  on  the  basis  of  a  lock  canal  with  60-foot  elevation. 

Mr.  Ste\iens.  Yes. 

Senator  Kittredge.  But  not  with  a  canal  with  an  elevation  of  85 
feet. 

Mr.  Stevens.  There  would  be  very  little  difference.  There  are  one 
or  two  discrepancies,  however,  in  the  majority  report  which  I  can  not 
quite  reconcile,  which  must  be  taken  into  consideration.  You  have 
got  to  consider  the  cost  of  operation — that  is,  your  maintenance, 
your  men  to  handle  your  points  where  ships  pass,  and  your  lighting 
and  policing  and  evervthing,  to  which  has  to  be  added  the  interest  on 
the  cost  of  that  canal. "  Now,  $100,000,000— $107,000,000  on  the  face  of 
the  report — is  the  difference  in  cost,  which,  at  2  per  cent,  is  something 
over  $2,000,000.  That  must  be  added  to  the  maintenance  of  a  sea- 
level  canal  as  compared  with  the  other,  which  I  do  not  think  their  re- 
port brings  out. 

Senator  Morgan.  Two  million  dollars  a  year? 

Mr.  Stevens.  Two  million  dollars  a  year.  That  is  in  addition  to  the 
fixed  charge.  Now,  frankly,  I  do  not  believe  that  the  sea-level  es- 
timate is  correct,  for  several  reasons.  In  the  first  place,  while  I  am 
chief  engineer  of  the  Commission,  I  never  yet  have  satisfied  my  ow^n 
mind,  or  become  satisfied  as  to  what  it  is  going  to  cost,  even  approxi- 
mately, to  take  out  the  lower  40  feet  of  that  canal  through  Culebra 
Cut.  ^  • 

Senator  Kittredge.  You  are  not  talking  of  maintenance? 

Mr.  Stevens.  I  am  talking  about  construction. 

Senator  Kittredge.  I  was  asking  you  about  maintenance  and  oper- 
ation. 

Senator  Hopkins.  Let  him  finish  on  this  point. 

Mr.  Stevens.  This  bears  directly  on  maintenance  and  cost  of  op- 
eration, because  it  is  the  cause  of  some  of  these  fixed  charges.  The 
Board  reported  that  the  cost  of  taking  out  the  material  from  plus  10, 
which  is  10  feet  above  the  sea  level,  down  to  minus  40,  which  is  50 
feet  (40  feet  of  which,  as  this  profile  shows,  and  as  we  all  know,  i> 
rock),  $1.25  a  yard.  Well,  I  do  not  know  anywhere  in  the  world 
where  rock  has  been  ever  taken  out  under  just  those  conditions — in 
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other  words,  under  as  hard  conditions  as  these  would  be.  I  have  not 
studied  up  any  plan  yet  whereby,  either  as  engineer  or  contractor,  ] 
would  start  to  take  it  out.  Of  course  it  is  possible  that  that  estimate 
may  be  correct. 

Senator  Kittredoe.  That  bears  upon  what  you  regard  as  an  er- 
roneous conclusion  ? 

Mr.  Stevens.  An  erroneous  estimate. 

Senator  Kittredge.  An  erroneous  estimate  of  the  majority  of  the 
Board,  or  the  Board  of  Consulting  Engineers,  concerning  the  cost  of 
construction  ? 

^^r.  Stevens.  I  do  not  think  the  conclusion  they  have  reached  is 
justified. 

Senator  Kittredge.  I  understand. 

Mr.  Stevens.  In  other  words,  shortly  speaking,  to  my  mind  that 
prism  below  plus  10  particularly,  or  particularly  oelow  the  sea  level, 
might  just  as  readily  cost  $2.5*0  a  yard  as  $1.25  a  yard,  and  as  it 
amounts  to  17,000,000  feet  the  total  would  be  something  like 
$•23,000,000  to  be  added  to  the  cost  o^  the  sea -level  canal. 

Senator  Kittredge.  In  that  regard  you  differ  with  the  Board  of 
Consulting  Engineers  concerning  the  cost  of  construction? 

ilr.  Stevens.  I  do  not  say  that  they  possibly  may  not  be  right. 
Some  way  may  be  foun'd  to  take  it  out  for  that  monev. 

Senator  Kittredge.  I  was  asking  you  about  the  difference  in  cost 
of  maintenance  and  operation  between  a  lock  canal  and  a  sea-level 
canal. 

Mr.  Stevens.  Exactly.  And  assuming  that  that  addition  was 
made  to  the  cost  of  the  sea-level  canal,  it  means  that  the  fixed  charges 
of  the  sea-level  canal  would  be  much  more  than  estimated  here. 

Senator  Kittkedge.  I  am  leaving  out  of  consideration  at  present 
the  question  of  fixed  charges — that  is,  the  difference  in  cost  of  con- 
s^trnction. 

Mr.  Stevens.  Yes. 

Senator  Kittredge.  Suppose  that  they  were  the  same;  compare 
the  difference  in  the  cost  of  operation. 

Mr.  Stevens.  I  think  there  would  be  very  little  difference  in  the 
cost  of  operation.  On  the  one  hand,  you  would  have  your  locks  to 
handle  vessels  through,  and  you  would  have  the  maintenance  of  your 
j)ower  plant.  Your  lighting  would  be  practically  the  same,  compar- 
ing one  canal  with  the  other.  In  the  case  of  the  sea-level  canal  you 
would  have  the  different  passing  points  along  the  line,  with  men 
stationed  there  to  handle  the  ships,  to  see  that  they  obey  the  rules, 
and  so  on.  In  either  case  you  would  have  trained  crews  and  pilots 
to  take  the  ships  through  the  canal.  I  can  not  see  that  there  would  be 
a  srreat  difference  in  the  cost  of  operation. 

Senator  Hopkins.  Aside  from  the  fixed  charges  ? 

Mr.  Stevens.  Aside  from  the  fixed  charges.  My  idea  is  that  the 
?ea-level  canal  would  be  more  costly  to  maintain,  because,  as  I  have 
explained,  on  account  of  these  smaller  streams  coming  in  it  would  be 
necessary  to  maintain  a  number  of  dredges  continually  to  keep  the 
channel  at  a  proper  depth  and  width.  It  might  not  be  necessary, 
but  there  is  a  contingency  that  must  be  contemplated. 

Both  boards  have  gone  into  the  question  more  thoroughly,  of  course, 
than  I  could.     I  have  no  disposition  to  dispute  their  figures. 
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Senator  Morgan.  Mr.  Stevens,  is  it  to  the  advantage  or  disadvan- 
tage of  that  canal  work  that  the  eight-hour  law  should  apply  to  it? 

Mr.  Stevens.  I  am  in  favor  ot  working  more  than  eigjht  hours. 
Yes;  for  the  reason  that  I  think  we  can  do  the' work  quicker  and 
cheaper. 

Senator  Morgan.  Is  it  necessary,  in  your  opinion,  in  order  to  make 
proper  progress  with  that  work  that  we  should  have  access  to  any 
place  in  the  world  where  good  labor  can  be  obtained,  as,  for  instance, 
China? 

Mr.  Ste\'en8.  Decidedly,  in  my  opinion. 

Senator  Morgan.  Yes.  You  think  we  are  doing  the  Government 
an  injustice  in  excluding  ourselves  from  the  opportunities  of  employ- 
ing Chinese  workmen  there? 

Mr.  Ste^tens.  I  think  so.  I  mentioned  what  is,  in  my  opinion,  the 
greatest  engineering  feature  in  regard  to  the  construction  of  the  canal, 
the  control  of  the  Chagres  River.  That  is  purely  from  an  engineer- 
ing standpoint.  Now,  the  greatest  business  difficulty,  if  I  may  call 
it  such,  the  greatest  practical  difficulty,  outside  of  the  engineering 
features,  is  the  question  of  labor. 

I  do  not  think  that  I  can  say,  or  anybody  can  say,  that  Chinese 
labor  is  the  best  and  that  ours  Is  the  worst.  I  do  say  that  there  is 
better  labor  than  the  labor  that  we  are  so  far  using.  At  least,  I  think 
so.  I  think  that  I  should  be  very  remiss  in  my  duty  if  I  did  not  try 
to  get  the  best  possible  labor  for  the  work  to  be  done. 

The  Chairman.  Do  you  think  it  would  be  quite  as  well  for  those 
people  down  there  at  work,  both  black  and  white,  if  they  worked  ten 
hours  instead  of  eight? 

Mr.  Stevens.  I  think  so;  yes,  sir.  I  gauge  everybody  by  myself. 
I  work  from  fourteen  to  eighteen  hours.     [Laughter.] 

The  Chairman.  But  the  ordinary  laborer  probably  would  not  want 
to  go  beyond  ten  hours.  You  think  he  would  be  as  well  off  if  he 
worked  ten  hours  as  if  he  worked  eight  ? 

Mr.. Stevens.  I  think  he  would  be  as  well  off,  if  not  better. 

Senator  Morgan.  Do  you  prefer  the  plan  of  paying  by  the  hour  or 
by  the  day? 

Mr.  Ste^^ns.  That  is  something  that  I  have  not  given  very  close 
attention  to.  Senator.  There  is  always  this  ^host  in  the  background, 
that  if  we  contract  for  that  work,  as  I  am  decidely  in  favor  of  doing — 
at  least  asking  for  intelligent  bids — then  comes  up  the  question  as  to 
the  other  fellow,  who  practically  carries  out  the  work,  the  kind  of 
labor  that  he  wants,  and  the  number  of  hours  that  he  wants  to  work, 
and  the  way  he  w^ants  to  pay  his  men. 

Senator  Morgan.  You  would  leave  that  to  him  ? 

Mr.  Ste\'en8.  I  should  leave  that  to  him,  with  authority  to  veto. 

Senator  Hopkins.  With  certain  limitations? 

Mr.  Stevens.  With  certain  limitations. 

Senator  Dryden.  Of  course,  if  it  is  done  by  contract,  your  idea  is 
that  the  contractor  should  have  the  right  to  employ  whatever  labor  is 
most  advantageous,  and  to  buy  his  material  in  any  market  where  he 
can  get  the  proper  material  at  the  lowest  price? 

Mr.  Stevens.  I  think  you  would  get  much  more  favorable  bids  if 
jpestrictions  in  that  regard  were  shut  off  entirely. 

Senator  Dryden.  There  is  no  doubt  about  that. 
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ilr.  Ste^tjns.  No,  sir. 

Senator  Gorman.  Mr.  Stevens,  I  want  to  go  back  a  moment  to 
this  dam.  I  understood  you  to  say  a  moment  ago  that  if  the  dam 
was  constructed  on  the  original  plan  at  Bohio,  if  it  should  give  way 
it  would  destroy  the  canal  m  a  very  short  time  ? 

Mr.  Stevens.  At  Gamboa. 

Senator  Gorman.  At  Gamboa? 

Mr.  Stevens.  The  one  that  shuts  off  the  flood  waters  from  the 
Chagres;  yes,  sir. 

Senator  Gorman.  That  would  destroy  the -canal? 

Mr.  Stevens.  It  would  throw  it  out  of  service  until  the  dam  could 
be  rebuilt  and  the  works  replaced. 

Senator  Gorman.  What  would  be  the  effect  if  the  dam  there  on  the 
minority  plan  gave  way  ? 

Mr.  Stevens.  The  entire  canal  would  go,  36  miles  of  it. 

Senator  Gorman.  It  would  ? 

Mr.  Stevens.  Yes;  the  lake  would  disappear. 

Senator  Drtden.  And  if  there  should  happen  to  be  a  vessel  going 
through  the  canal  at  that  time,  it  would  destroy  it,  I  suppose? 

Mr.  Stevens.  It  would  depend  upon  where  it  happened  to  be.  It 
would  go  aground  all  right. 

Senator  Gorman.  I  understood  you  to  say  that  at  this  point  here 
you  were  perfectly  satisfied  with  the  construction  of  an  earthen  dam  ? 

ilr.  Stevens.  Yes,  sir. 

Senator  Gorman.  Without  a  masonrj*^  core,  as  I  understood  you  ? 

Mr.  Ste\'ens.  Yes,  sir. 

Senator  Gorman.  What  is  that  based  on— experience  anywhere  else 
in  the  world  with  such  a  dam  under  similar  conditions  or  nearly 
similar  conditions  ? 

Mr.  Stevens.  There  are  similar  dams  that  the  reports  here  call 
attention  to  that  carry  larger  heads  of  water.  I  understand  that 
there  is  one  in  Baltimore.  I  never  have  seen  it  and  do  not  know 
anything  about  it.  There  are  several  irrigation  dams  in  the  West, 
in  California  and  that  country,  that  the  report  calls  attention  to,  that 
are  much  higher  and  carry  larger  bodies  of  water.  My  deductions  are 
drawn  largely  from  the  way  such  a  dam  would  look  if  it  was  built ;  I 
do  not  think  anybody  comprehends  what  it  means.  It  means  a  range 
of  hills  or  a  hill  similar  to  the  hill  between  two  water  courses.  I  can 
not  imagine  any  possibility  by  which  such  a  dam  could  be  destroyed. 

Senator  Gorman.  In  view  of  the  fact  that  Mr.  Linden  Bates  and 
Major  Gillette  both  condemned  that  character  of  dam,  and  then  that 
this  board  of  foreign  engineers,  summoned  by  the  President,  and 
some  of  the  American  engineers — I  have  forgotten  who  they  are;  I 
do  not  find  their  names  here 

Senator  Kittredge.  General  Davis,  Mr.  Parsons,  and  Mr.  Burr 
joined  them. 

Senator  Gorman.  In  discussing  that  question,  and  discussing  the 
possibilities  of  giving  way,  they  came  to  the  conclusion,  as  they  stated, 
that  the  importance  of  the  work  is  so  great  that  they  would  not  risk 
a  dam  to  control  this  river  unless  it  was  a  masonry  dam.  In  view  of 
that  fact,  do  you  think  it  would  be  safe  and  wise  ior  the  Government 
to  undertake  an  experiment  of  that  sort  without  further  and  more 
careful  examination? 
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Mr.  Stevens.  Careful  examination  of  what? 

Senator  Gorman.  Of  the  possibilities  of  its  standing.  Would  you, 
in  other  words,  in  view  of  the  dissent  of  all  these  very  able  men, 
agree  with  the  minority  of  this  engineer  commission  and  m  your  own 
view  undertake  it  ? 

Mr.  Stevens.  Yes,  sir. 

Senator  Gorman.  Only  because  of  the  difference  in  the  cost? 

Mr.  Stevens.  Xo,  sir;* because  I  feel  that  a  dam  built  in  that  way 
would  be  absolutely  secure.  There  will  be  no  question  about  it.  Of 
course  all  of  these  propositions  are  merely  men's  opinions. 

Senator  Gorman.  That  is  true ;  but  you  would  not  hesitate  to  rec- 
ommend it  notwithstanding  this  dissent  ? 

Mr.  Stevens.  No,  sir. 

Senator  Gorman.  Do  you  not  think  that  a  masonry  dam  there 
would  be  more  secure,  or  one  with  a  core  of  masonry  through  the 
center  of  the  dam  ? 

Mr.  Stevens.  I  do  not  see  where  it  would  add  anything  at  all  to  the 
strength  or  safety  of  it.  It  seems  to  me  when  you  get  a  thing  that 
you  feel  in  your  own  mind  to  be  absolutely  safe,  when  you  have  not  a 
shadow  of  a  doubt  about  it,  that  any  additions  you  put  on  it  are  super- 
fluous. 

Senator  Gorman.  Yes,  if  it  is  absolutely  safe.  Here  I  suggest  that 
that  is  a  very  positive  opinion  or  conviction  that  you  have. 

Mr.  Stevens.  Well,  I  am  a  positive  man. 

Senator  Gorman.  So  I  observe.  That  is  the  kind  of  man  we  want, 
I  think. 

Mr.  Stevens.  There  is  no  possibility  of  the  water  ever  going  over  it. 

Sennlor  Gorman.  No. 

Mr.  Stevens.  There  is  no  possibility  of  the  water  pushing  it  away. 

Senator  Gorman.  Or  getting  in  it? 

Mr.  Stevens.  No,  sir;  and  I  do  not  see  how  anybody  could  go  there 
and  dig  it  away.  When  you  come  to  think  of  it,  you  have  to  tunnel 
practically  375  feet,  even  at  the  top,  to  get  a  hole  through  it.  Even 
m  time  of  war  you  would  have  to  lose  control  of  that  canal  for  a 
very  long  time  to  enable  anybody  to  do  that.  The  animals  can  not 
burrow  through  it,  and  the  material  will  be  of  such  a  nature  that 
the  water  can  not  percolate  through  it.  I  can  not  conceive  how  it 
can  go. 

Senator  Hopkins.  At  its  base  it  is  how  wide  ? 

Mr.  Stevens.  Twenty-seven  hundred  feet. 

Senator  Hopkins.  In  other  words,  you  construct  a  mountain  there  ? 

Mr.  Stevens.  That  is  it. 

Senator  Morgan.  You  employ  a  great  deal  of  cement  in  making 
the  central  works  and  the  regulating  works  of  the  dam  at  Gatun  ? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  Is  there  any  arrangement  made  by  which  this 
cement  is  to  be  inspected  ? 

Mr.  Stevens.  On,  yes,  sir ;  yes,  sir.  I  test  every  invoice  of  cement 
we  get.     Every  few  sacks  or  barrels  we  make  a  thorough  test. 

Senator  Morgan.  You  test  it  in  regard,  to  the  time  of  its  hard- 
ening? 

Mr.  Stevens.  Yes,  sir;  and  its  strength  after  it  is  hardened. 

Senator  Morgan.  And  the  tensile  strength  ? 

Mr.  Stevens.  Yes,  sir. 
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Senator  Morgan.  And  the  breaking  strain  ? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  And  so  on  ? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  And  so,  when  you  make  up  vour  test,  you  feel 
abiK)lutely  certain  that  there  is  to  lie  no  trouble  about  the  perishing 
or  giving  way  of  the  cement  ? 

Mr.  STE^^:NS.  Yes,  sir. 

Senator  Morgan.  Does  that  make  a  stronger  wall  mixed  with  stone 
than  a  cut-stone  wall  ? 

Mr.  Stevens.  A  stronger  wall  ? 

Senator  Morgan.  Yes. 

Mr.  Ste\'ens.  I  think  it  does,  when  it  is  well  made. 

Senator  Morgan.  For  the  reason  that  it  is  continuous  and  has  no 
joints  in  it  ? 

Mr.  Stevens.  Yes,  sir.  Of  course  in  regard  to  the  question  of  con- 
crete, which  is  the  one  we  have  under  aiscussion,  the  use  of  it  is 
trebling  almost  every  year.  The  French  for  a  great  many  years  have 
used  concrete  in  very  much  larger  proportions  than  any  other  en- 
gineers or  anv  other  constructors  in  the  world ;  and  only  within  the 
last  ten  or  fifteen  vears  has  its  use  extended  very  largely  here.  In 
fact,  they  are  building  almost  everything  of  concrete  there.  The 
largest  single  structure  I  ever  built  was  the  lining  of  a  tunnel,  that 
was  complete,  without  a  joint,  from  one  end  to  tne  other,  nearly  3 
miles  long — something  over,  as  I  recall  it,  100,000  yards. 

Senator  Gorman.  Was  that  a  railroad  tunnel? 

Mr.  Stet-ens.  Yes,  sir. 

Senator  Morgan.  I  would  like  to  say  to  the  chairman  of  the  con^- 
mittee,  to  venture  an  opinion — ^though  I  am  not  in  any  sense  a  scien- 
tific man  and  do  not  know  anything  about  chemistry  or  anything  of 
that  sort — that  Alabama  can  furnish  to  that  canal,  at  a  dollar  a  bar- 
rel, as  good  cement  as  you  can  make  in  France  or  Germany  or  else- 
where. 

Mr.  Stevens.  Portland  cement? 

Senator  Morgan.  Portland  cement,  delivered  at  Colon — all  that 
is  necessary  to  fill  up  the  canal,  or  ten  times  over. 

Senator  Hopkins.  I  think  it  is  regarded  among  engineers  that  the 
American  Portland  cement  is  the  best  quality,  is  as  good  as  you  can 
get  abroad.     Is  not  that  correct? 

ilr.  Ste\'ens.  Without  doubt. 

Senator  Hopkins.  That  has  been  my  understanding  for  a  number 
of  years. 

Mr.  Stevens.  On  this  particular  job  that  I  speak  of,  I  used  largely 
foreign  cement,  because  it  came  at  a  very  low  rate  around  the  Horn. 
This  was  on  the  west  coast  of  the  State  of  Washington.  But  I  recol- 
lect that  at  one  time  one  of  the  ships  got  into  distress  around  the 
Horn  and  put  in  at  Valparaiso.  The  Lloyds  made  a  survey  of  it, 
and  they  reported  part  of  the  cargo  damaged.  They  were  going  to 
scale  it  to  us.  I  said:  "No;  if  part  of  the  cargo  is  damaged,  the 
chances  are  that  the  balance  is,  and  I  won't  have  it  at  all.  That 
made  me  run  short  of  cement,  and  I  bought  American  cement 
in  the  East  and  took  it  across  the  continent;  and  in  that  way,  as  a  re- 
sult of  the  tests  that  I  made  then,  I  would  prefer  our  American 
cement,  although  the  cement  we  generally  get  are  blended  cements. 
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Senator  Dryden.  Does  not  the  foreign  cement  lose  part  of  its 
strength  through  dampness  in  being  brought  across? 

Mr.  Stevens.  No;  I  do  not  think  the  short  time  it  is  en  route 
makes  any  difference. 

Senator  Gorman.  Mr.  Stevens,  if  we  adopt  the  minority  plan  for 
this  dam  below  here,  how  much  is  it  going  to  increase  the  length  of 
your  haul  for  the  average  material  from  the  great  divide?  It  makes 
a  very  much  longer  haul  necessary  there,  does  it  not? 

Mr.  Stevens.  Vo  you  mean  the  waste  ? 

Senator  Gorman.  Yes;  the  waste. 

Mr.  Stevens.  You  will  get  the  best  dummnc  grounds  for  waste 
that  I  have  found  so  far  right  in  here  below  Bohio,  right  in  this  sec- 
tion here;  and  that  haul  is  about  the  same  as  it  would  be  if  you 
haujed  from  the  Culebra  cut  either  to  the  Bohio  dam  or  dumped 
in  here.  The  length  of  your  haul,  of  course,  would  be  over  this 
piece  of  track  to  Gatun.  Let  us  get  it  exactly.  I  have  had  so  many 
figures  in  my  head  that  I  can  not  remember  them  all.  Gatun  is  8 
miles,  and  Bohio  17.    It  would  increase  your  haul  9  miles. 

Senator  Gk>RMAN.  Nine  miles  of  increase? 

Mr.  Stevens.  Yes.  Of  course  you  would  not  haul  all  of  that.  The 
majority  of  the  material  in  here  would  come  from  the  dredging. 

Senator  Gorman.  I  see.  Then  you  would  find  plenty  of  dumping 
ground  for  the  balance  in  here? 

Mr.  Stevens.  Oh,  yes,  sir.  You  can  find  all  the  dumping  grounds 
required  here  outside. 

Senator  Gtorman.  This  plan  of  the  minority  means  a  change  of  the 
location  of  your  railroad  through  from  ocean  to  ocean  of  30  miles, 
d^s  it  not? 

Mr.  Stevens.  Yes,  sir. 

Senator  Gorman.  And  that  means,  of  course,  that  the  Canal  Com- 
mission must  pay  for  the  reconstruction  of  the  main  line  of  the  road  ? 

Mr.  Stevens.  Yes,  sir. 

Senator  Gorman.  That  is  a  part  of  the  expense  of  the  canal? 

Mr.  Stevens.  Yes,  sir.    That  is  estimated  in  the  total  cost. 

Senator  Gorman.  In  the  minority  report  ? 

Mr.  Stevens.  Yes,  sir. 

Senator  Gorman.  Well,  do  you  get  as  favorable  grades  in  recon- 
structing the  road  as  you  have  now  ? 

Mr.  Stevens.  I  think  the  amount  they  have  estimated  would  give 

i'ust  as  good  a  road  as  they  have  now ;  but  I  question  whether  or  not 
'.  would  spend  money  enough  to  build  a  first-class  road  after  the 
canal  is  constructed.  I  think  the  Panama  Railroad  will  be  of  very 
little  value  after  the  canal  is  built. 

Senator  Gorman.  You  think  it  will  not  require  it? 

Mr.  Stevens.  I  should  sav,  "  No." 

Senator  Gorman.  In  building  a  new  road,  can  you  buy  the  ties 
there  now  ?     Can  you  get  them  mere  ? 

Mr.  Stevens.  ?Jot  adjacent  to  the  canal.  Those  would  probably 
be  brought  from  farther  down  the  coast,  from  the  San  Bias  country 
or  possibly  from  Colombia. 

Senator  Gorman.  That  is  the  only  material  you  have  found  that 
will  stand  that  climate  for  any  reasonable  length  of  time  ? 

Mr.  Stevens.  Yes,  sir.  I  think  the  cost  now  would  b?  about  $2 
a  tie. 
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Senator  Gorman.  You  have  brought  a  great  many  from  Oregon, 
have  you  not? 

Mr.  Ste\t:ns.  I  do  not  think  we  have  brought  any  ties  from 
Oregon.  La.st  year,  I  think,  all  the  supplies  came  from  the  Gulf 
coast. 

Senator  Gorman.  I  have  heard  an  intimation  that  they  lasted  just 
long  enough  to  get  them  in. 

Mr.  Stevens.  I  think  all  the  ties  that  the  Americans  put  in  are 
there  yet. 

Senator  Gorman.  Are  thev  ? 

Mr.  Ste\-ens.  You  will  understand  that  they  are  largely  for  work 
tracks. 

Senator  Gorman.  Yes;  I  understand. 

Mr.  Stevens.  Now,  any  tie  that  you  can  use  in  a  work  track,  around 
steam-shovel  work,  particularly,  will  never  last  long  enough  to  rot. 
It  will  be  cut  to  pieces  by  the  continual  changing,  by  the  spiking. 
So  it  will  be  a  waste  of  money  to  buy  a  high-priced  tie. 

Senator  Gorman.  Only  for  the  main  line  ? 

Mr.  Stevens.  Onlv  for  the  main  line.  An.d  until  the  type  of  the 
canal  is  decided,  and  we  know  exactly  how  much  the  main  line  will 
have  to  be  changed  in  the  next  five  or  six  years,  it  will  be  a  waste  of 
money  to  put  expensive  ties  in  there,  when  you  can  get  a  cheaper  tie 
that  will  last  four  or  jBve  years. 

Senator  Gorman.  Now,  Mr.  Stevens,  I  am  very  much  gratified 
with  one  of  your  statements — ^that  when  this  matter  of  the  type  of 
the  canal  is  decided  upon,  then  and  not  until  then  can  you  commence 
the  work  of  digging  it  on  a  regular  system.  Do  I  understand  you  to 
say  that? 

Mr.  Stevens.  No,  sir;  I  did  not  mean  to  say  that.  I  will  com- 
mence on  a  regular  system  as  soon  as  I  get  my  equipment. 

Senator  Gorman.  And  before  you  decide  upon  the  type  of  the 
canal? 

Mr.  Stevens.  Oh,  j'es;  I  would  not  let  that  stop  me.  I  would  go 
on  and  take  out  material  as  fast  as  I  could  when  I  had  something  to 
do  it  with. 

Senator  Gorman.  But  it  will  be  imnossible  for  you  to  attempt  to 
contract,  as  I  understand  it,  until  the  type  of  the  canal  is  determined  ? 

Mr.  Stevens.  Why,  I  think  so ;  yes,  sir.     It  looks  to  me  that  way. 

Senator  Gorman.  And  therefore  your  suggestion  is  that  that  ques- 
tion ought  to  be  determined  at  the  earliest  possible  moment? 

Mr.  Stevens.  Undoubtedly. 

Senator  Gorman.  When  that  has  been  determined,  I  understand 
you  to  say  that  you  recommend  contracting  for  most  of  this  work? 

Mr.  Stevens.  Yes,  sir. 

Senator  Gorman.  Do  vou  mean  by  that  only  removing  the  material 
and  getting  the  prism  of  the  canal  in  shape,  or  do  you  mean  contract- 
ing for  the  construction  of  the  dam,  for  instance,  and  the  locks  ? 

Mr.  Stevens.  Oh,  I  would  separate  the  work  in  a  natural  division, 
such  as  would  seem  to  be  large  enough  to  be  worthy  of  the  attention 
of  any  combination  of  capital  or  superintendency  tHat  we  have  in  the 
country. 

For  instance,  take  the  dredging:  assuming  that  a  lock  canal  is 
built,  one  division  would  be  the  dredging  from  the  Caribb.^an  Sea 
through  to  Gatun,  which  would  be  a  very  large  contract.     Then  the 
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construction  of  the  Gatun  dam,  then  the  Culebra  cut — I  would  prob- 
ably divide  that  in  two,  because  the  haul  must  go  north  and  south — 
the  construction  of  the  Gatun  locks,  which  involve  something  like 
fourteen  or  fifteen  millions  of  dollars,  including  the  excavation — that 
as  a  separate  contract;  possibly  the  construction  of  the  other  locks 
as  a  separate  contract,  and  the  other  dams,  etc. ;  and  in  that  way  you 
would  have,  perhaps,  eight  or  ten  different  contracts. 

Senator  Gor3ian.  And  you  would  divide  it  up  in  that  way? 

Mr.  Stevens.  Yes,  sir. 

Senator  Gorman.  And  you  can  make  your  specifications,  I  sup- 
pose, so  that  there  will  be  no  trouble  in  getting  intelligent  bidders  in 
the  United  States? 

Mr.  Stevens.  Why,  I  think  the  specifications  can  be  made;  yes, 
sir.  It  is  a  delicate  matter  to  make  them,  one  requiring  a  great  deal 
of  judgment;  but  I  think  we  can  make  them. 

Senator  Qorman.  Suppose  you  were  to  undertake  to  divide  the 
great  cut  in  two,  as  an  illustration,  and  advertise,  you  have  the  steam 
shovels  owned  by  the  Government  and  various  other  machinery. 
What  would  you  do?  Give  them  for  the  use  of  the  contractors,  or 
require  them  to  buy  that  material  ? 

Mr.  Stevens.  It  would  be  as  broad  as  it  is  long.  If  you  turned 
Ihe  plant  over  to  the  contractor,  you  would  get  a  less  figure  in  your 
bid.  If  you  sold  it  to  him,  at  cost  we  will  assume,  he  would  undoubt- 
edly add  the  cost  of  it  to  his  bid  and  increase  the  price  enough  to 
make  it  up  in  that  way.  If  you  let  him  have  it  on  a  rental,  he  would 
do  the  same  thing. 

Senator  Gtorman.  I  assume  now,  that  in  purchasing  all  this  equip- 
ment, which  is  necessarily  verv  expensive,  it  was  done  on  the  theory 
that  the  Government  would  do  the  work  as  you  are  doing  it  down 
there  now,  by  day  labor? 

Mr.  Stevens.  No,  sir.  I  can  only  answer  for  the  equipment  that 
I  have  bought.  Take  the  sixty  shovels  that  have  been  bought — forty- 
one  of  them  were  bought  before  I  had  any  connection  with  the  work. 

Senator  Gorman.  Yes. 

Mr.  Stevens.  I  do  not  know  what  the  assumption  was  at  that  time, 
what  Mr.  Wallace's  or  the  Commission's  idea  was,  but  in  my  pur- 
chase of  equipment  I  have  aimed  to  keep  this  in  view — ^to  buv  nothing 
excepting  what  I,  as  a  contractor,  in  my  best  judgment,  would  require 
if  I  were  going  to  do  that  work  by  contract.  In  other  words,  if  a 
man  wanted  that  contract  I  should  hesitate  very  much  in  my  judg- 
ment about  his  knowledge  and  ability  to  conduct  the  work  unless  he 
required  that  sort  of  equipment  for  that  particular  work. 

Senator  Gorman.  Precisely.  So  that  you  had  in  view  then  to  dis- 
pose of  it  to  the  contractor  if  it  were  let  out  to  contractors? 

Mr.  Stevens.  Certainly. 

Senator  Gtorman.  You  would  not  undertake  to  let  a  contractor  have 
it  for  rental,  as  a  matter  of  course? 

Mr.  Stevens.  Oh,  I  do  not  think  so. 

Senator  Gorman.  Then,  as  to  the  removal  of  the  material.  The 
Government  owning  the  railroad  and  the  equipment,  I  suppose  you 
would  still  have  the  matter  of  transportation  under  your  control? 

Mr.  Stevens.  The  transportation  along  the  main  line  of  the  Pan- 
ama Kailroad  must  be  kept  in  the  hands  of  the  Panama  Railroad  to 
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superintend  the  dispatching.  I  do  not  understand  that  the  equip- 
ment would  belong  to  the  Manama  Eailroad ;  it  would  be  the  equip- 
ment belonging  to  the  contractor  who  happens  to  take  out  that  part 
of  the  cut.  He  could  come  up  to  the  switch  with  his  train,  his  equip- 
ment, and  his  men ;  there  he  would  go  under  the  orders  of  the  tram 
dispatcher  of  the  Panama  Kailroad  as  long  as. he  was  on  the  rails  of 
the  Panama  Railroad.  He  could  do  as  he  liked,  as  far  as  the  Pan- 
ama Railroad  was  concerned,  once  he  was  clear  of  that  track. 

Senator  Gorman.  So  that  in  any  view  the  management  of  that  road 
must  be  in  the  hands  of  the  chief  engineer  ? 

Mr.  Ste\'en8.  It  should  be ;  yes,  sir. 

Senator  Gorman.  I  am  very  much  gratified  to  have  you  make  that 
statement. 

Senator  Morgan.  I  just  want  to  ask  one  question.  Suppose  you 
had  a  track  laid  now  between  Obispo  and  Miraflores,  in  the  channel 
that  you  have  cut  out  for  the  canal,  could  you  run  your  engines 
through,  your  cars  ? 

Mr.  Stevens.  On  the  Panama  Railroad? 

Senator  Morgan.  Yes. 

Mr.  Ste\t:ns.  Yes,  sir;  you  could  run  them  through,  but  you  could 
not  conduct  your  business  and  take  out  the  canal  at  the  same  time. 

Senator  Morgan.  No,  no;  I  am  not  talking  about  running  the 
Panama  Railroad  as  a  commercial  enterprise  at  all.  I  am  speaking 
about  the  cars  that  would  be  necessary  to  carry  off  the  spoil.  Could 
you  run  such  cars  as  are  necessary  to  carry  off  the  spoil  in  all  the  dig- 
gings between  Obispo  and  Miraflores,  for'instance — can  you  run  them 
m  through  the  gap  that  is  now  cut? 

Mr.  Stevens.  Oh,  yes,  sir. 

Senator  Morgan.  Clear  through  ? 

Mr.  Stevtins.  But  you  understand  that  the  canal  wooild  not  be 
taken  out  in  that  way,  by  a  continuous  railroad  through  there. 

Senator  Morgan.  I  understand  that. 

Mr.  Ste\t:n8.  As  I  explained  the  other  day,  these  lines  must  come 
out  at  separate  points. 

Senator  Morgan.  We  are  speaking  about  transporting  the  spoil 
down  to  Gatun. 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  You  get  that  from  Culebra — from  those  heights 
there? 

Mr.  Stev'ens.  Part  of  it;  yes,  sir. 

Senator  Morgan.  What  I  wanted  to  ascertain  was  whether  you 
could,  under  present  conditions,  lay  a  track  in  there  to  carry  that  spoil 
down  to  the  Panama  Railroad,  and  on  that  railroad  to  Gatun. 

Mr.  Stevens.  Yes,  sir ;  we  have  tracks  laid  down  at  several  points 
where  we  take  out  spoil. 

Senator  Morgan.  And  in  the  other  direction,  south,  you  could  carry 
it  to  Miraflores? 

Mr.  Stevens.  Yes,  sir;  I  am  doing  that. 

Senator  Morgan.  You  are  doing  that  ? 

Mr.  Stevens.  I  am  doing  that  now,  and  have  been  for  several  weeks 
double  tracking  it  west  of  Pedro  Miguel. 

Senator  Morgan.  So  that  there  is  an  open  way  there  through  which 
railroads  can  pass  between  Miraflores  and  Obispo,  as  you  wish  to 
carry  them  through? 
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Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  That  is  what  I  wanted  to  find  out. 

Mr.  Stevens.  Of  course,  any  railroad  in  the  canal  would  be  de- 
stroyed by  taking  out  the  prism,  you  know. 

Senator  Morgan.  I  understand. 

Senator  Gorman.  Mr.  Stevens,  how  long  would  it  take  you — of 
course  it  is  largely  in  the  nature  of  a  guess,  1  know — after  the  type  of 
this  canal  is  determined  upon  by  Congress,  to  prepare  the  specifica- 
tions and  advertise  for  bids? 

Mr.  Stevens.  I  think  the  preparation  of  the  specifications  would 
probably  require  from  thirty  to  forty  days.  They  would  be  general 
specifications,  intelligent  enough  so  that  a  person  could  bid  on  them. 

Senator  Gtorman.  A  competent  contractor  would  have  a  thorough 
opportunity  to  com^te? 

Mr.  Stevens.  A\ell,  of  course  they  would  necessariljr  take  some 
time  to  look  the  ground  over  with  the  plans  and  specifications  in  their 
hands.  That  is  the  onW  way  in  which  a  man  could  give  an  intelligent 
bid.  I  would  hesitate  very  much  to  accept  a  bid,  no  matter  what  the 
bond  is,  that  was  made  out  here  somewhere  in  Michigan,  perhaps  by 
a  man  who  never  saw  the  country  and  knew  nothing  of  the  conditions. 

Senator  Gorman.  But  still  you  think  it  is  feasible  to  do  that  in 
from  thirty  to  fortv  days? 

Mr.  Stevens.  A^lhy,  yes,  sir;  I  think  so.    I  think  so. 

The  Chairman.  I^hat  would  not  include  the  time  of  going  to  the 
Isthmus? 

Mr.  Stevens.  Oh,  no,  sir. 

Senator  Gorman.  Of  course  these  contractors  are  enterprising  fel- 
lows and  pretty  fair  engineers.  Have  they  been  looking  over  the 
ground — any  of  them  ? 

Mr.  Stevens.  Not  to  my  knowledge.  They  may  have  been.  I  do 
not  know  as  to  that. 

Senator  Morgan.  They  have  been  looking  it  over. 

Mr.  Stevtbns.  They  might  have  and  I  would  not  know  it,  you 
know.  I  do  not  recall  anyone  that  has  come  to  me  asking  for  any 
data  or  anjthing  of  that  sort. 

Senator  Dryden.  Senator  Morgan,  is  additional  legislation  neces- 
sary in  order  to  put  this  work  out  by  contract  ? 

Senator  Morgan.  I  think  a  great  deal  of  additional  legislation  is 
needed  here,  for  the  reason  that  we  have  now  nothing  but  the  will  of 
the  President  in  regard  to  anything,  and  have  been  running  along  in 
that  way.  I  do  not  say  that  he  has  abused  his  powers  or  anything  of 
the  sort ;  but  it  is  about  time  for  us  to  come  down  to  legislation  on  this 
subject.  I  think  that  is  one  of  the  most  important  steps  we  have  to 
devise  here^— what  the  legislation  shall  be. 

(The  committee  thereupon  adjourned  until  to-morrow,  Wednesday. 
January  24,  1906,  at  2.30  o'clock  p.  m.) 
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Senate  Committee  on  Interoceanic  Canals, 

Wednesday^  January  24^  1906. 
The  committee  met  at  2.30  o'clock  p.  m. 

Present:  Senators  Millard  (chairman),  Kittredge,  Dry  den,  Hop- 
kins. Morgan,  Gorman,  and  Simmons;  also  John  F.  Stevens,  esq., 
chief  engineer  of  the  Isthmian  Canal  Commission. 

STATEMENT  OF  JOHN  F.  STEVENS,  ESft.— Continued. 

The  Cil\ir31an.  Mr.  Stevens,  I  think  we  are  ready  to  proceed  now. 

Senator  Morgan.  I  want  to  ask  Mr.  Stevens  one  preliminary  ques- 
tion about  a  matter  that  I  am  not  yet  satisfied  about:  What  is  the 
width  of  the  canal,  estimated  on  the  basis  of  the  minority  report,  at 
Gamboa  ?  ' 

Mr.  Ste^-ens.  I  think.  Senator,  that  I  would  have  to  refer  to  the 
printed  memorandum  that  I  had  here  yesterday  about  that. 

Senator  Morgan.  Did  you  get  that  memorandum  from  the  minority 
report? 

IIb.  Ste\'en8.  It  was  made  up  from  both  reports. 

Senator  ^Iorgan.  Those  reports  are  here,  and  you  can  refer  to  them. 

Senator  Dryden.  Your  question  ^^as,  Senator,  as  to  the  width  of  the 
canal  at  Gamboa  t 

Senator  Morgan.  Yes. 

Mr.  Stevens.  My  recollection  is  that  the  width  of  the  entire  water 
there  would  be  something  like  I  mile  and  a  quarter. 

Senator  Morgan.  That  is,  between  the  ridges  ? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  And  there  would  be  no  particular  prism  of  the 
canal  in  that? 

Mr.  Stevens.  There  is  a  well-defined  depth  in  the  ship  channel 
proper. 

Senator  Morgan.  Of  how  many  feet? 

Mr.  Stevens.  My  recollection  is  that  it  is  500  feet,  but  I  am  not 
sure. 

Senator 'Hopkins.  Are  you  referring  to  the  depth? 

Senator  Morgan.  A  depth  of  40  feet  for  500  feet  in  width. 

Mr.  Stevens.  Forty-five  feet.  The  depths  in  the  minority  report 
are  all  45  feet,  with  the  exception  of  in  the  locks. 

Senator  Gorman.  At  what  point  is  that  ?      • 

Mr.  Stevens.  Opposite  Gamboa. 

Senator  Hopkins.  What  is  the  depth  there,  you  say  ? 

Mr.  Stevens.  Forty-five  feet.  I  have  those  widths  all  drawn  off  on 
that  sheet  that  I  had  here  yesterday,  as  a  matter  of  comparison.  I 
know  that  it  is  500  feet  at  that  point,  and  it  narrows  to  300  feet  up 
to  Las  Cascadas,  where  it  is  200,  through  the  deep  cutting. 

Senator  Morgan.  Is  the  width  of  5()0  feet  there  measured  between 
the  ridges  at  the  level  of  the  canal  ? 

Mr.  Ste\^n8.  At  the  bottom  of  the  canal  there  is  a  width  of  500 
feet,  and  between  the  bluffs — that  is,  the  amount  of  dead  water 
across  there — ^would  be  about  a  mile  and  a  quarter.  That  would  be 
really  the  basin  where  the  Gamboa  gap  debouches  into  the  main 
valley. 
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Senator  Morgan.  I  desire  to  call  your  attention  to  that  point,  be- 
cause I  wish  to  remove  any  possible  doubt,  if  there  is  any  doubt,  as 
to  the  effect  of  a  flood  in  the  Chagres  River  disturbing  the  navigation 
of  a  ship  or  disturbing  the  movement  of  the  water  through  the  canal. 
I  will  suppose  that  there  is  a  flood  in  the  Chagres  River  of  30  feet. 
That,  perhaps,  is  not  an  extravagant  expectation,  that  there  will  be  a 
flood  of  30  feet  in  the  Chagres  River  at  one  time  above  the  mean 
level? 

Mr.  Stevens.  At  one  period.  Of  course  that  would  not  be  a  simul- 
taneous wall  of  water  of  30  feet,  but  it  might  rise  in  a  few  hours  30 
feet. 

Senator  Morgan.  That  is  what  I  mean.  That  body  of  water  pre- 
cipitated from  the  Chagres  River  upon  the  canal  at  Gamboa  woiild 
cause,  ordinarily,  a  great  disturbance  in  a  canal  that  was  150  or  200 
feet  wide;  but  m  a  canal  that  is  500  feet  wide,  and  in  an  area  of  lake 
water  between  the  ridges  which  vou  say  is  2  miles  wide 

Mr.  Stevens.  I  said  a  mile  an^  a  quarter. 

Senator  Morgan  (continuing).  A  mile  and  a  quarter  wide;  is  it 
your  opinion  that  a  flood  of  30  feet  in  the  Chagres  River,  a  sudden 
precipitation  of  water,  causing  a  flood  of  30  feet  in  the  Chagres 
Kiver,  would  in  any  material  sense  disturb  either  the  navigation  or 
any  of  the  works  that  might  be  connected  with  the  canal  at  Gamboa  ? 

Mr.  Stevens.  I  do  not  think  it  would,  taking  the  length  of  time  we 
would  naturally  expect  that  that  amount  of  30  feet  of  water  would 
take  to  come  and  tne  length  of  dead  water  it  would  have  before  it 
would  reach  the  prism  of  the  canal,  wl|ich  would  be  7  or  8  miles. 

Senator  Morgan.  When  it  reached  the  point  of  discharge  at 
Gamboa,  we  will  say,  then  it  would  flow  out  into  a  lake  that  includes 
all  the  distance  between  Miraflores  and  Gatun  ? 

Mr.  SiEVENS.  Yes,  sir. 

Senator  Morgan.  And  all  of  the  inlets  and  outlets  to  that  lake? 

Mr.  Stevens.  Yes,  sir;  about  115  square  miles,  we  may  say. 

Senator  Morgan.  Is  that  your  estimate  of  the  lake  surface  that  is 
created  by  the  dam  at  Gatun  ? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  One  hundred  and  fifteen  square  miles  ?• 

Mr.  Stevens.  About  115  square  miles. 

Senator  Morgan.  It  seems  very  reasonable  that  no  flood  in  the 
Chagres  River  that  is  known  could  disturb  the  water  over  115  square 
miles  to  any  serious  degree. 

Mr.  Stevens.  It  does  not  seem  so  to  me ;  but  of  course  that  would 
not  be  the  material  point.  The  material  point  would  be,  would  it 
disturb  the  water  at  the  point  of  entrance  to  the  canal  prism? 

Senator  Morgan.  That  is  the  point  I  wanted  to  get  at.  Is  there 
any  way,  by  widening  the  point  through  which  flood  waters  from  the 
Cliagres  would  be  admitted  into  the  canal,  to  distribute  them  by 
additional  cutting*  out? 

Mr.  Stevens.  That  cutting  could  be  deepened,  of  course — that  is, 
that  basin  in  the  mountains  could  be  deepened  to,  say,  45  feet,  the 
depth  of  water  in  the  canal  prism  proper,  over  an  almost  indefinite 
extent.     You  could  go  down  2  or  3  miles  if  you  liked. 

Senator  Morgan.  You  have  considered  these  subjects,  I  suppose, 
maturelv  ? 
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Mr.  Stevens.  I  have  given  them  serious  consideration. 
Senator  Morgan.  You  have  studied  them?  • 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  Is  it  your  opinion,  then,  that  there  is  any  danger 
of  a  disturbance  of  the  navigation  of  the  canal  or  any  danger  of 
injury  to  any  part  of  the  canal  if  a  flood  of  30  feet  should  occur  in 
the  Chagres  River  that  would  rise  in,  say,  twelve  hours? 
Mr.  Stevens.  I  should  say  no,  sir. 
Senator  Morgan.  You  would  say  no  ? 
Mr.  Ste\t:ns.  Yes,  sir ;  I  should  say  so. 

Senator  Morgan.  Do  you  feel  entirelv  confident  in  that  opinion  ? 
Mr.  Stevens,  That  is  my  opinion.     I  am  confident  about  it. 
Senator  Morgan.  I  call  your  attention  to  it  particularly,  because  it 
seems  to  me  that  that  is  the  real,  central  point  of  inquiry  with  regard 
to  this  whole  business  after  you  get  your  dam  elevated  and  you  make 
the  lake.     That  is  the  point,  ana  the  only  point,  at  which  the  lake  is 
liable  to  be  attacked  by  a  heavy  precipitation  of  flood  water  into  it 
from  the  mountains? 
Mr.  Stevens.  Yes,  sir. 
Senator  Morgan.  That  is  the  only  point? 

Mr.  Stevens.  That  is  the  greatest  point  to  be  considered.  I  do 
not  think  the  others  are  worthy  of  discussion.    - 

Senator  Morgan.  If  we  can  handle  that  question  at  Gamboa,  then 
we  may  consider  that  every  objection  is  answered  on  that  score  as  to 
the  precipitation  of  water  from  any  other  stream  ? 
Mr.  Stevens.  It  would  seem  so  to  me ;  yes. 

Senator  Morgan.  That  is  what  I  wanted  to  ask  about.  I  wanted 
to  center  the  attention  of  the  committee,  and  after  a  while,  prob- 
ably, of  Congress,  upon  the  fact  that  the  resistance  that  is  afforded 
by  the  lake  waters  and  the  opportunity  for  the  spread  of  flood  wa- 
ters at  Gamboa  is  sufficient  to  meet  any  flood  in  the  Chagres  River 
of.  say,  30  feet  elevation,  and  precipitated,  say,  within  twelve  hour>5. 

ilr.  Stevens.  I  think  that  a  rise  of  30  feet  in  twelve  hours  would 
probably  \ye  abnormal,  but  still  it  would  be  no  more  than  safe  to  as- 
sume that. 

Senator  Morgan.  That  is  what  I  wanted  to  get  at.  It  wonh^  be 
-afe  to  aasimie  that? 

Mr.  Stevens.  Yes.  That  is  what  we  are  trying  to  do — to  keep  oji 
the  safe  side. 

Senator  Morgan.  I  have  no  further  questions  to  ask  Mr.  Stevens 
at  this  time. 

Mr.  Stevens.  You  see,  Senator  Morgan,  the  precipitation  of  the 
flood  you  have  described,  or  any  other,  does  not  occur  in  a  compact 
iiia«s,  we  mi^ht  say,  immediately  into  the  prism  of  the  canal.  Tnere 
i-  from  a  third  to  half  a  mile  of  expansion,  I  may  say,  or  widening. 
Wow  the  Gamboa  gap.  where  this  flood  would  ease  out,  if  I  may  so 
express  it,  before  it  w^ould  strike  the  navigable  channel. 

Senator  Hopkins.  Then  that  flood  is  retarded  for  a  distance  of 
MX  or  seven  miles  before  vou  get  to  Gamboa,  is  it  not,  by  the  dead 
^\ater  that  is  thrown  backf 
Mr.  Stevens.  Yes,  sir. 
Senator  Morgan.  Twelve  miles. 
Senator  Hopkins.  Whatever  the  distance  is. 
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Mr.  Stevens.  I  do  not  know  the  exact  distance  from  memorj',  but 
t^e  maps  will  show  it.  It  is  not  less  than  8  or  9  miles  to  the  valley 
line,  possibly  it  is  10  miles. 

Senator  Gorman.  What  makes  that  dead  water?  Is  it  the  dam  at 
Gatim? 

Mr.  Stevens.  Yes,  sir. 

Senator  Gorman.  That  is  high  enough? 

Mr.  Stevens.  Oh,  yes.  sir.  Those  are  actual  levels.  There  is  no 
doubt  about  that.     They  do  not  vary,  probably,  an  inch. 

Senator  Kittredge.  AATien  did  vou  begin  to  make  borings  at 
Gatun? 

Mr.  Stevens.  I  commenced  in  September. 

Senator  Kittredge.  About  what  time  in  September? 

Mr.  Stevens.  I  think  the  latter  part  of  it.  I  do  not  remember  the 
date. 

Senator  Kittredge.  Were  those  borings  made  imder  your  personal 
direction  ? 

Mr.  Stevens.  Oh,  no;  they  were  made  by  my  engineers  on  tlie 
ground. 

Senator  Kittredge.  'Who  had  charge? 

Mr.  Stevens.  Mr.  Maltby,  division  engineer  at  Colon. 

Senator  Kittredge:  Is  that  the  same  engineer  that  was  there  a  year 
ago  last  November? 

Mr.  Stevens.  No,  sir:  I  think  not.  I  think  Mr.  Maltby  went  there 
about  in  March  or  April. 

Senator  Kittredge.  And  from  what  part  of  the  United  States? 

Mr.  Stevens.  He  went  from  Memphis.  He  has  been  with  the 
Mississippi  River  Commission  for  a  great  many  years,  in  charge  of 
their  dreaging. 

Senator  Kittredge.  How  long  did  those  borings  continue? 

Mr.  Stevens.  We  worked  two  and  three  parties  there  with  drills  to 
about  the  time — ^yes,  after  the  consulting  board  came  back ;  we  might 
say  to  the  middle  of  November  or  longer. 

Senatpr  Kittredge.  And  what  were  the  results  of  those  borings? 

Mr.  Ste\^ns.  The  result  showed  that  something  like  200  feet  over- 
lying the  rock — the  so-called  "  indurated  clay  " — there  was  a  blan- 
ket of  clay  with  a  small  mixture  of  very  fine  sand,  and  that  no  per- 
meable material — that  is,  material  that  would  carry  water — ^was 
found  for  a  depth  of  about  200  feet. 

Senator  Morgan.  Two  hundred  feet  reaching  down  to  the  rock? 

Mr.  Stevens.  Yes,  sir. 

Senator  Kittredge.  In  those  borings  were  any  materials  encoun- 
tered such  as  shells  and  wood  ? 

Mr.  Stevens.  I  do  not  think  there  were.  I  do  not  recollect  that 
there  was  anything  of  that  kind. 

Senator  Kittredge.  I  call  your  attention  to  the  statement  of  the 
minority,  on  page  4,  and  read : 

Many  of  the  Iwrings  (referring  to  the  borings  at  Gatun  in  Septeml)er,  1905) 
even  at  those  considerable  depths  (referring  to  the  depth  of  204  feet  below  the 
8ea  level)  encountered  shells,  wood,  and  vegetable  matter,  all  tending  to  show 
that  the  material  had  been  deposited  in  currents  too  sluggish  to  transport  gravel 
and  other  coarse  material. 

Had  you  in  mind  that  condition  of  affairs? 

Mr.  Stevens.  I  do  not  recall  the  specific  details  of  what  was 
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brought  up  by  the  drills,  you  know.  I  simply  know  that  the  material 
was  fine,  as  indicating  that  the  currents  were  slow,  no  coarse  gravel 
being  encountered. 

Senator  Kittrbdge.  In  what  respect  did  the  result  of  the  boringe 
at  Gatun  differ  from  the  borings  at  Bohio? 

Mr.  Stevens.  Those  at  Bohio  developed  the  fact  that  there  was 
coarse  gravel,  water-bearing  strata. 

Senator  Morgan.  What  aid  the  borings  at  Gatun  develop  ? 

Mr.  Stevens.  They  developed  clay  and  finer  material — ^fine  sand, 
which  is  considered  impermeable. 

Senator  Morgan.  ^Vnat  you  read  there,  Senator  Kittredge,  was  in 
regard  to  the  Bohio  dam,  was  it  ? 

Senator  Kittredge.  No,  sir;  Gatun. 

Senator  Morgan.  At  Gatun  ? 

Senator  Kittredge.  Yes. 

Senator  Morgan.  Will  you  read  that  again,  please  ? 

Senator  Kittredge.  I  only  read  one  sentence.  I  will  read  the 
whole  paragraph  [reading  from  the  minority  report  of  the  consult- 
ing engineers,  p.  4] : 

The  borings  made  prior  to  September,  1905,  at  and  near  Gatun  showed 
nearly  everywhere  an  admixture  of  sand  with  clay  and  impervious  material, 
with  a  maximum  depth  to  roclc  of  204  feet  below  sea  level.  Many  of  the  bor- 
ings, even  at  those  considerable  depths,  encountered  shells,  wood,  and  vege- 
table matter,  all  tending  to  show  that  the  material  had  been  deposited  in  cur- 
rents too  sluggish  to  transport  gravel  and  other  coarse  material. 

The  borings  were  "  water- jet "  or  "  wash-drill "  borings,  made  by  first  driving, 
when  necessary,  an  iron  pipe  (known  as  a  "casing"),  having  an  inside  diame- 
ter of  2§  Inches,  and  then  Inserting  a  smaller  pipe,  through  which  a  jet  of 
water  was  forced,  washing  the  material  in  the  larger  pipe  through  the  annular 
space  between  the  two  pipes  to  the  surface  of  the  ground.  It  was  character- 
istic of  these  borings,  and  also  significant,  that  in  many  cases  it  was  not  neces- 
sary to  drive  any  casing,  or  if  one  was  driven  it  was  not  necessary  to  drive  it 
to  the  full  depth,  as  the  material  contained  enough  clay  to  sustain  the  sides 
of  the  hole  without  the  casing. 

Of  27  borings  made  before  September  with  reference  to  the  location  of  a  dam 
at  or  near  Gatun,  no  casing  was  used  In  13  holes,  in  8  other  holes  the  length 
of  casing  did  not  exceed  20  feet,  while  in  the  remainder  the  length  of  casing 
ranged  from  28  to  101  feet ;  but  in  no  instance  was  the  casing  driven  much  more 
than  lialfway  down  to  the  bottom  of  the  hole. 

The  depth  to  rock  was  shown  to  be  so  great,  both  at  Bohio  and  at  Gatun, 
that  it  would  be  costly  and  difficult  In  either  case,  if  not  Impracticable,  to 
excavate  to  the  rock  or  to  provide  any  efficient  cut-off  or  stop  water  extending 
from  the  surface  of  the  ground  to  the  rock,  and  if  a  dam  were  to  be  built  with- 
out such  cut-off  the  borings  showed  clearly  that  there  would  be  much  less 
seepage  beneath  a  dam  built  at  Gatun  than  at  Bohio. 

Senator  Hopkins.  Does  not  that  show  that  at  Gatun,  for  a  depth 
of  two  hundred  and  odd  feet,  the  material  is  impervious  to  water, 
and  that  the  shells  are  discovered  at  a  depth  of  205  feet?  Is  not 
that  it! 

Senator  Kittredge.  That  is  what  I  was  desirous  of  ascertaining 
from  Mr.  Stevens. 

Senator  Hopkins.  If  I  understood  that  correctlv,  it  corroborated 
what  Mr.  Stevens  said.  I  wanted  to  see  whether  I  had  read  that  cor- 
rectly. 

Senator  Morgan.  Did  you  make  those  borings  before  September! 

Mr.  Stevens.  No,  sir. 

Senator  Morgan.  Your  borings  were  made  since  that  time? 

Mr.  Stevens.  Yes,  sir. 

ENQ  I  ( 
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Senator  Morgan.  You  are  predicating  what  you  state  here  in  re- 
gard to  the  dam  at  Gatun  upon  those  borings? 

Mr.  Stevens.  Well,  largely  on  those,  of  course.  I  took  into  con- 
sideration all  the  borings  and  the  fact  that  the  material  universally 
showed  that  it  was  a  heavy  body  of  clay,  with  a  little  admixture  of 
very  fine  sand,  with  no  gravel. 

Senator  Morgan.  In  the  borings  you  made  did  you  come  across  any 
of  the  conditions  mentioned  in  what  has  been  read  by  Senator 
Kittredge? 

Mr.  Stevens.  I  do  not  recall  any  timber  or  shells.  I  would  not 
say  that  there  were  none.  I  would  not  regard  it  as  significant,  par- 
ticularly as  to  the  timber.  Small  particles  of  timber  might  be 
brought  down  at  any  time  of  flood.  I  do  not  think  that  would  be 
signmcant.  I  have  found  petrified  wood  at  the  mouth  of  an  alluvial 
stream  600  feet  below  the  level  of  the  ocean. 

Senator  Kittredge.  How  many  borings  in  all  were  made  under 
your  direction  after  you  arrived  at  the  Isthmus  and  began  these 
operations? 

Mr.  Stevens.  I  could  not  give  you  the  exact  number,  Senator. 

Senator  Kittredge.  About  how  many  were  made? 

Mr.  Stevens.  I  should  judge  there  were  40  or  50  at  least. 

Senator  Kittredge.  Where,  with  reference  to  the  channel  of  the 
Chagres  River? 

Mr.  Stevens.  They  were  made  laterally  across  the  channel.  Quite 
a  number  were  made  on  the  hills,  where  the  proposed  location  of  the 
locks  is,  and  up  and  down  the  streams  in  the  bottom  of  the  valley 
between  the  channels. 

Senator  Kittredge.  Have  you  records  made  showing  the  exact 
location  of  these  borings? 

Mr.  Stevens.  Yes,  sir. 

Senator  Kittredge.  Is  that  information  on  file  in  the  office  at 
Washington? 

Mr.  Stevens.  It  was  all  placed  in  the  hands  of  the  consulting 
board,  and  it  is  either  in  the  office  or  in  their  possession.  It  is  avail- 
able in  this  country. 

Senator  Kittredge.  You  say  about  40  borings  were  made  in  all  ? 

Mr.  Stevens.  That  I  had  made;  40  or  more. 

Senator  Kittredge.  That  is  what  I  mean,  under  your  direction. 

Mr.  Stevens.  Yes,  sir. 

Senator  Kittredge.  And  about  how  many  were  made  at  the  loca- 
tion of  the  triple  locks  or  the  proposed  triple  locks? 

Mr.  Stevens.  There  were  probably  ten  or  fifteen. 

Senator  Kittredge.  How  many  were  made  between  that  point  and 
the  river,  going  west? 

Mr.  Stevens.  They  started  and  put  them  down  at  different  dis- 
tances from  the  mountain  where  tne  locks  were  located,  and  con- 
tinued across  the  straight  line  of  the  proposed  dam,  clear  across  the 
high  ground.  I  can  not  tell  you  the  exact  number  without  refer- 
ence to  the  records. 

Senator  Kittredge.  '^^^lat  is  the  distance  between  the  location  of 
the  locks  at  Gatun  and  the  other  side,  the  western  terminus  of  the  pro- 
posed dam? 

Mr.  Stevens.  About  7,000  feet. 

Senator  Kittredge.  Through  that  distance  you  made  borings  to 
the  number  of  about  twenty-five? 
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Mr.  Stevens.  In  that  vicinity ;  yes,  sir.  I  am  depending  upon  my 
memory,  you  know. 

Senator  Kittredge.  I  understand,  of  course. 

Mr.  Stevens.  I  can  not  tell  exactlv. 

Senator  Kittredoe.  Of  course,  llow  close  were  those  borings  to 
each  other? 

Mr.  Stevens.  They  were  different  distances  apart.  In  some  cases 
they  were  50  feet  apart,  and  sometimes  100  feet  apart. 

Senator  Kittredge.  Were  there  any  places  where  they  were  nearer 
together  than  50  feet? 

Mr.  Stevens.  1  am  under  the  impression  that  there  were.  I  think 
they  started  certain  holes  and  had  trouble  getting  down  and  started 
others  alongside  of  them. 

Senator  Kittredge.  I  refer  to  perfect  borings. 

Mr.  Stevens.  I  do  not  think  there  were,  no;  not  perfect  borings. 
You  understand  that  we  have  cross-section  sheets,  blueprints  showing 
the  exact  location  and  depth  of  every  hole  on  the  map.  • 

Senator  Kittredge.  What  do  jour  records  show  m  regard  to  bor- 
ings madie  prior  to  those  for  which  you  were  personally  responsible! 

Mr.  Stevens.  They  show  generally  the  same  state  of  anairs,  the 
same  kind  of  material  that  the  prior  ones  show. 

Senator  Kjttredge.  How  far  back  do  they  date? 

Mr.  Stevens.  I  could  not  tell  you  that.  They  were  made  before 
my  time. 

Senator  Kittredge.  Do  you  know  whether  a  great  many  were 
made  under  the  direction  of  Mr.  Wallace  ? 

Mr.  Stevens.  I  could  not  tell  you  that.  I  do  not  know  who  made 
them.  I  am  under  the  impression  that  Mr.  Wallace  had  them  made. 
I  did  not  consider  that  there  had  been  enough  made  to  develop  the 
situation,  and  that  is  why  I  had  the  rest  made. 

Senator  Kittredge.  Were  there  any  made  under  the  management 
of  the  French? 

Mr.  Stevens.  I  could  not  tell  you  that. 

Senator  KrrrREDOE.  You  spoke  yesterday  of  a  dam  of  any  sort  at 
Bohio  being  possible.    Did  I  understand  you  correctly  ? 

Mr.  Stevens.  I  do  not  quite  think  you  did.  Senator. 

Senator  Kittredge.  Just  what  was  your  view  upon  the  subject  of 
the  construction  of  a  dam  at  Bohio  at  or  near  the  location  recom- 
mended by  the  French  and  the  Walker  Commission? 

Mr.  Stevens.  I  do  not  recall  my  exact  lan^age ;  but  my  notion  in 
regard  to  that  is  that  the  foundation  at  Bohio  was  not  as  good  as  it 
is  at  Gatun.  The  fact  that  a  mountain  of  permeable  material,  water- 
bearing strata,  is  encountered  there  would  render  it  a  grave  question 
whether  the  escape  of  water  through  that  strata  would  not  be  very 
disastrous  and  woi\ld  take  too  much  water  away  from  the  lake. 
There  is  no  danger,  in  either  case,  of  the  stability  of  the  dam 
going  up. 

Senator  Kittredge.  Your  notion,  then,  is  that  it  would  in  no  man- 
ner affect  the  stability  of  the  dam,  but  might  affect  the  water  siipply  ? 

Mr.  Stevens.  The  water  might  escape  through  the  gravel  at  Bohio. 

Senator  Kittredge.  For  that  reason  you  would  regard  it  as  unsafe 
to  construct  a  dam  at  Bohio?     Is  that  right? 

Mr.  Stevens.  I  would  not  say  it  is  unsafe.  I  say  it  is  largely  a 
matter  of  experiment,  which  I  do  not  think  would  obtain  at  Gatuii. 
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Senator  Kittredoe.  What  is  your  judgment  about  the  Bohio  situa- 
tion ?    That  is  what  I  am  getting  at. 

Mr.  Stevens.  In  what  respect?  Would  I  countenance  putting  a 
dam  there? 

Senator  Kittredoe.  Would  you  advise  this  committee  to  recom- 
mend to  the  Senate  the  construction  of  a  dam  at  Bohio  ? 

Mr.  Ste>^ns.  I  should  certainly  want  to  cut  off  some  of  that  flow 
of  water  that  might  possibly  occur  throuffh  the  subaqueous  founda- 
tion. I  do  not  say  it  must  all  be  cut  off,  oecause  163  feet  is  quite  a 
depth  to  work. 

Senator  Kittredoe.  Without  its  being  cut  off,  j^ou  would  regard  the 
construction  of  the  dam  as  inadvisable  at  that  point? 

Mr.  Stevens.  I  would  not  recommend  it. 

Senator  Kittredoe.  What  sort  of  a  dam  ? 

Mr.  Stevens.  AVliy,  I  would  build  an  earthen  dam,  in  any  case,  of 
venr  large  dimensions* 

Senator  Kittredoe.  But  you  would  not  advise  even  that  at  Bohio  ? 

Mr.  Stevens.  Not  without  the  works  being  constructed  to  cut  off 
the  flow  of  water  that  might  possibly  occur.  It  is  one  of  those  things 
that  might  or  might  not  happen.  In  a  matter  of  this  kind,  where  we 
want  to  be  absolutely  safe,  it  would  be  better,  as  a  matter  of  insur- 
ance, to  take  that  precaution,  although  it  is  not  a  thing  that  any 
engineer  can  say  will  occur. 

Senator  Kittredoe.  What  is  the  distance  across  the  valley  at 
Bohio? 

Mr.  Stevens.  I  think  it  is  somewhat  shorter  than  it  is  at  Gatun. 
Possibly  it  is  about  a  mile. 

Senator  Kittredoe.  There  is  not  so  very  much  difference? 

Mr.  Stevens.  There  is  not  so  very  mucn  difference,  as  I  recall  it. 

Senator  Kittredoe.  In  the  event  of  the  construction  of  the  dam  at 
Bohio,  what  method  would  you  advise  to  shut  off  the  escape  of  water 
that  you  have  mentioned? 

Mr.  Stevens.  That  is  a  point  that  has  never  been  decided,  even  in 
my  own  mind.  There  are  several  ways  in  which  it  can  be  done. 
You  can  drive  steel  piling  or  sheet  piling  down  to  60  or  70  feet,  pos- 
sibly 80. 

Senator  Kittredoe.  Piling  of  what  character? 

Mr.  Stevens.  Steel  overlapping  piling.  There  are  other  ways  in 
which,  probably,  the  work  could  be  done.  We  can  drill  through  the 
loose  material  holes  very  close  together  and  fill  them  with  cement, 
cement  mixed  with  gravel,  forced  down  by  pumps,  and  this  cement 
will  set  and  harden  and  form  a  wing  that  will  shut  off  the  water. 

Senator  Kittredoe.  In  other  words,  you  would  squirt  the  ce- 
ment in  ? 

Mr.  Stevens.  That  is  the  word  exactly. 

Senator  Kittredoe.  Putting  the  cement  down  beneath  the  sur- 
face of  the  ground  under  the  water? 

Mr.  Stevens.  Yes,  sir. 

Senator  Kittredoe.  And  in  that  manner  you  would  provide  a  sort 
of  screen  to  shut  off  the  water  ? 

]Mbr.  Stevens.  Yes,  sir. 

Senator  Kittredoe.  Do  you  regard  that  as  a  satisfactory  way  to 
treat  the  condition? 
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Mr.  Stevens.  It  is  so  considered  among  engineers.  I  have  had  no 
experience  as  to  that,  and  can  not  quote  any  place  where  it  has  been 
used.  The  consensus  of  opinion  among  tne  people  I  have  talked 
with  on  the  subject  is  that  it  is  satisfactory.  It  is  used  by  the  Ger- 
mans in  a  great  many  cases,  and  I  think  it  has  been  used  in  this  coun- 
try in  timneling  where  you  have  wet,  heavy  ground.  You  bore  ahead 
and  bore  ahead  and  inject  the  cement  ana  let  it  set  and  shut  off  the 
flow  of  water  and  dig  it  out  afterwards,  keeping  this  work  ahead  of 
you  all  the  time.  That  is  supplemented  in  many  cases  by  the  Grer- 
mans  by  freezing  the  ground  ahead,  which  simply  solidifies  the 
ground. 

George  Morrison's  opinion,  as  I  remember,  was  that  nothing  of  the 
kmd  was  needed  at  Bonio;  but,  as  I  say,  I  would  be  a  little  more  con- 
servative, and  I  would  feel  a  little  dubious  about  the  result  without 
scmie  such  work  as  that. 

Senator  Kittsedge.  You  would  hesitate  about  recommending  a 
dam  at  Bohio  of  the  form  that  you  have  suggested  ? 

Mr.  Stevens.  Or  any  dam. 

Senator  Kittredge.  That  is  what  I  mean — ^any  dam. 

Mr.  Stevens.  Any  dam ;  unless,  of  course,  it  should  be  a  dam  which 
would  be  practically  impossible,  a  dam  going  clear  to  rock. 

Senator  EIittredge.  I  understand.  It  is  an  impossibility,  as  I  un- 
derstand, to  get  to  rock  ? 

Mr.  Stevens.  I  think  it  is. 

Senator  Kittredge.  At  the  depth  you  find  it  at  Bohio  or  at  Gatun? 

Mr.  Stevens.  Nothing  is  impossible  with  money;  but  there  is  a 
point  beyond  which  it  ceases  to  be  an  economy. 

Senator  KrrrREDGE.  The  solid  rock  below  the  surface  of  the  water 
at  Bohio  is  168  feet? 

Mr.  Stevens.  I  think  the  deepest  boring  is  163  feet. 

Senator  Kittredge.  One  hundred  and  sixty-three  feet? 

Mr.  Stevens.  The  old  borings  which  they  thought  were  rock,  but 
which  were  bowlders,  were  128  feet. 

Senator  Kittredge.  Yes. 

Mr.  Stevens.  Those  afterwards  developed  by  Mr.  Wallace  were 
163  feet. 

Senator  Kittredge.  Are  you  sure  it  is  not  168  feet  ? 

Mr.  Stevens.  I  am  not  sure. 

Senator  Kittredge.  My  recollection  is  that  it  is  168  feet. 

Mr.  Stevens.  My  recollection  is  that  the  depths  of  the  borings 
were  128  feet  and  163  feet.     I  may  be  wrong,  possibly. 

Senator  Kittredge.  How  is  it  at  Gatun?  How  faV  below  the  sur- 
face of  the  water  is  the  solid  rock? 

Mr.  Stevens.  The  deepest  there  was  204  feet  below  the  sea  level, 
and  that  is  practically  the  surface  of  the  water. 

Senator  IKittredge.  Have  I  not  seen  in  some  of  these  reports  that 
it  was  258  feet? 

Mr.  Stevens.  I  do  not  think  so. 

Senator  Kittredge.  Where  do  you  think  this  water  goes  that 
clearly  passes  under  the  surface  at  Bohio? 

Mr.  Stevens.  That  is  a  question,  of  course,  that  I  could  not  answer. 
It  may  come  out  in  the  depths  of  the  Caribbean  Sea,  or  it  may  come 
out  at  some  point  in  the  river. 
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Senator  Kittbedge.  Is  it  not  inevitable  that  that  same  fall  of  water 
passes  under  the  site  of  the  proposed  dam  at  GatoB  ? 

Mr.  Stevens.  It  may  or  it  may  not 

Senator  Kittkedge.  What  do  you  think  about  itf 

Mr.  Stevens.  I  do  not  think  it  does,  because  the  area  of  the  water- 
bearing material  there  was  so  very  insignificant  that  it  could  not 
pass  under. 

Senator  ElnrREDGE.  Suppose  you  had  made  more  borings,  might 
you  not  have  discovered  the  same  conditions? 

Mr.  Stevens.  I  do  not  see  how  we  could,  when  we  bored  clear 
across  the  whole  area  covered  by  the  dam — ^the  whole  width  of  it — 
and  did  not  find  that  condition. 

Senator  KmREOGE.  If  it  does  not  pass  down  in  that  direction  to 
the  sea,  does  it  come  under  the  mountains  or  the  hills  that  are 

Mr.  Stevens.  It  may  come  up  into  the  river  again  between  Bohio 
and  Gatun. 

Senator  IQttredge.  Into  the  river? 

Mr.  Stevens.  It  may ;  yes. 

Senator  Kittredge.  Have  any  borings  been  made  to  ascertain  that 
fact  if  it  is  a  fact? 

Mr.  Stevens.  Not  that  I  know  of. 

Senator  Kittsedge.  Would  you  think  it  advisable  that  that  be 
done?  . 

Mr.  Stevens.  Why,  I  should  not  consider  it  necessary. 

Senator  Kittredge.  You  answered  a  question  that  1  asked  yester- 
day, but  to  have  it  conveniently  in  the  record  here,  I  will  ask  you 
how  deep  you  propose  to  go  for  the  foundation  of  the  dam  at  Gatun. 

Mr.  Stevens.  I  propose  to  dig  through  the  soft  alluvial  d6bris  on 
the  surface;  that  is  all. 

Senator  Kittredge.  And  that  varies? 

Mr.  Stevens.  That  may  be  10  to  20  feet,  or  something  like  that — 
until  you  get  down  to  the  firm  clay. 

Senator  Kittredge.  In  no  case  deeper  than  20  feet? 

Mr.  Stevens.  I  do  not  think  so ;  no,  sir. 

Senator  Kittredge.  And  in  no  case  less  than  10  ? 

Mr.  Stevens.  That  is  my  recollection — within  those  limits.  It 
might  vary  a  few  feet,  more  or  less. 

Senator  Kittredge.  And  at  the  foundation  of  the  dam  it  is  2,700 
feet  thick  ? 

Mr.  Stevens.  Twenty-six  hundred  and  a  fraction;  practically 
2,700  feet. 

Senator  Kittredge.  As  the  dam  increases  in  height  the  width  de- 
creases? 

Mr.  Stevens.  Yes,  sir. 

Senator  Kittredge.  Give  the  distances  as  it  proceeds  in  elevation. 

Mr.  Stevens.  You  must  understand  that  I  have  not  made  the  plans 
for  this  dam.  I  have  not  even  seen  the  details.  Those  have  been 
submitted  by  the  advisory  board.  Although  I  have  never  seen  a  plan, 
I  have  the  impression  that  on  the  down  strip  side  the  slope  is  1  in  25. 
In  other  words,  for  eveir  foot  of  rise  you  go  out  25  feet. 

Senator  IQttredge.  Your  dam  is  7,000  foet  long  and  it  is  2,700  feet 
thick  at  the  base? 

Mr.  Stevens.  Yes,  sir. 
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Senator  Kittbedge.  It  is,  as  I  recollect,  135  feet  in  height  ? 

Mr.  Stevens.  Yes,  sir. 

Senator  Kittredge.  That  is,  above  the  surface  of  the  ground.  Is 
that  right  ? 

Mr.  Stevens.  Yes,  sir. 

Senator  E^tttredge.  How  thick  would  that  dam  be  at  the  surface  of 
the  water,  as  you  expect  it  to  be? 

Mr.  Stevens.  Three  hundred  and  seventy-four  feet.    I  recall  that. 

Senator  Kitpkedge.  At  what  point  does  the  thickness  begin  to  de- 
crease as  it  rise^  in  elevation — at  once? 

Mr.  Stevens.  Oh,  yes. 

Senator  Hopkins.  He  said  1  foot  in  every  25. 

Senator  Kittredge.  Yes.  What  I  meant  by  that  question  is,  does 
it  b^in  to  decrease  at  the  foundation  or  at  the  surface  of  the  country 
as  it  now  appears  ? 

i£r.  Stevens.  Well,  they  would  practically  be  the  same  in  20  feet, 
you  know ;  there  would  be  no  difference.  Of  course,  theoretically,  it 
should  conmience  where  the  line  of  pressure  begins,  at  the  lowest  line 
of  the  water  level,  the  bottom  of  the  extreme  depth  of  water.  There 
it  should  commence,  and  decrease  toward  the  top.  I  have  never  seen 
a  plan  of  the  bottom.  I  have  only  had  it  described  to  me.  Of  course 
a  dozen  different  engineers  might  make  a  dozen  different  plans,  vary- 
ing slightlv  in  detail,  but  the  lact  remains  that  at  the  water  level  the 
dam  wouli  be  374  feet  wide  and  about  2,700  feet  (within  20  or  30 
feet  more  or  less)  at  the  base. 

Senator  Kittredge.  In  reading  the  report  of  the  minority  last 
night,  I  noticed  that  General  Abbott  recommends  the  construction  of 
a  duplicate  lock  at  Gatun  and  a  third  lock  at  Bohio,  or  favors  that. 
Have  you  any  suggestions  to  make  to  the  committee  upon  that  subject  ? 

Mr.  Ste^'ens.  ^o,  sir. 

Senator  Kittredge.  Do  you  know  the  width  of  the  Suez  Canal  at 
the  bottom  and  at  the  surface  of  the  water? 

Mr.  Stevens.  No  ;  I  can  not  give  it  to  you  offhand ;  but  the  width 
at  the  bottom  is  something  in  the  vicinity  of  150  feet  or  160  feet. 
This  report  gives  it  exactly.  At  the  surface,  I  think,  there  is  now  81 
feet  of  water  in  the  Suez  Canal.    That  is  the  navigable  depth. 

Senator  Kittredge.  You  may  look  at  these  reports,  if  you  wish 
[the  minority  and  majority  reports  of  the  consulting  board  of  en- 
gineers]. 

Mr.  Stevens.  That  is  the  navigable  depth,  31  feet,  which  they  are 
now  deepening  to  34  feet.  I  do  not  even  know  that  they  give  it  in 
these  reports.  I  have  it  somewhere,  but  there  are  so  many  of  theso 
figures  tiiat  it  is  pretty  hard  work  for  me  to  carry  them  in  my  head. 
T^e  only  thing  I  carn^  in  my  head  about  the  Suez  Canal  is  that  there 
is  31  feet  of  water.  It  may  be  in  the  other  report  there.  I  have  not 
looked  at  that 

Senator  Kittredge.  It  is  not  worth  while  taking  up  time  looking 
for  it 

ilr.  Stevens.  I  do  not  seem  to  see  it  in  the  index. 

Senator  Kittredge.  I  will  withdraw  that  question,  so  that  you 
may  look  it  up  a  little  later. 

Sir.  Stevens.  Practically  it  is  not  to  exceed  150  or  160  feet  on  the 
bottom.    The  surface  width  would,  of  course,  depend  entirely  on  the 
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slope  that  is  used.  That  being  a  sandy  country  through  there,  I 
should  imagine  it  would  be  about,  for  a  30-foot  depth,  probably  300 
feet  or  350  feet  wide  on  the  surface. 

Senator  Kittredge.  Before  I  pursue  that  inquiry  further,  I  want 
to  call  your  attention  to  statements  of  the  majority  of  the  C!onsulting 
Board  of  Engineers  upon  the  question  of  the  Gatun  dam.  I  read 
from  pages  28  and  29 : 

It  has  not  been  proposed  to  dredge  out  the  soft  and  yielding  material  at  either 
place  other  than  possibly  a  shallow  strip  of  the  natural  surface,  nor  has  it  been 
proposed  to  sink  a  curtain  either  of  masonry  or  of  timber,  such  as  deep  sheet 
piling  or  of  any  other  material,  to  cut  off  percolation  or  seepage  underneath  the 
structure. 

These  are  grave  considerations  in  the  design  of  dams  to  retain  water  of 
depths  varying  from  30  to  possibly  85  feet  or  more.  The  subsurface  material 
at  Mindi  and  at  Gatun,  extending  down  to  the  hard,  indurated,  sandy  clay  or 
soft  rock,  attaining  a  maximum  depth  of  258  feet — 

There  I  find  the  figures  258.    Are  the  board  in  error  in  that? 

Mr.  Stevens.  I  can  not  say  from  memory  about  that;  I  do  not 
know,  Senator. 

Senator  Kittredge.  The  deepest  boring  that  you  made  at  Gatun, 
as  I  understand  it,  was 

Mr.  Stevens.  Two  hundred  and  four  feet,  according  to  my  recol- 
lection. Anyhow,  we  were  in  indurated  clay,  whatever  the  depth 
maybe. 

Senator  Kittredge.  And  this  statement  that  I  have  just  read  indi- 
cates that  the  Board  of  Consulting  Engineers  were  in  possession  of 
information  showing  that  borings  nad  been  made  at  the  dam  site  at 
Gatun  to  the  depth  of  258  feet.    That  is  right,  is  it  not  ? 

Mr.  Stevens.  That  is  the  inference  from  that  report. 

Senator  Kittredge.  I  continue  to  read : 

is  in  large  part  of  a  comparatively  fine  character,  consisting  of  sand  and  clay  in 
varying  portions  and  in  various  degrees  of  admixture,  but  the  borings  have  also 
shown  coarse  sand  and  gravel  with  water  flowing  through  It  and  out  of  some  of 
the  pipes  used  in  making  the  examinations. 

Did  you  observe  any  of  those  conditions  in  the  examinations  or 
borings  that  were  made  under  your  direction? 

Mr.  Stevens.  Water  came  from  one  of  the  pipes,  as  I  recall  it,  from 
a  depth  of  sometliing  like  over  200  feet.    I  do  not  recall  any  particular 

gravel  that  came  up.    There  was  no  coarse  gravel,  as  in  the  case  of 
ohio  there  was  gi-avel  2  inches  in  diameter  that  would  barely  come 
up  through  the  pipes.     I  do  not  know  what  size  pipe  they  used. 
Senator  Kittredge.  I  continue  to  read : 

As  a  presumption  or  speculation  it  may  be  stated  as  probable  that  most  of 
this  material  under  the  weight  of  an  earthen  dam  would  be  so  nearly  inpervious 
that  a  small  or  negligible  quantity  of  water  only  would  find  its  way  through, 
even  with  the  increased  head  of  the  reservoir ;  but  that  is  simply  conjecture. 

Do  you  agree  with  that  statement  ? 

Mr.'  Stevens.  No,  sir ;  I  think  that  the  quantity  that  would  go 
through  would  be  entirely  negligible. 

Senator  Kittredge.  Do  you  agree  that  that  is  conjecture,  as  the 
board  suggests  ? 

Mr.  Stevens.  No,  sir;  it  is  proved,  to  my  mind. 

Senator  Kittredge.  In  what  manner  has  it  been  proven  to  your 
mind? 
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Mr.  Stevens.  Because  I  think  the  nature  of  the  material  they  drill 
through  would  show  that  the  water  would  not  go  through,  to  any 
extent 

Senator  KmREOGE.  I  understand ;  but  the  only  borings  under  your 
direction  were  to  a  depth  of  204  feet  ? 

ilr.  Stevens.  That  is  my  recollection.  We  went  to  the  rock, 
though,  with  every  boring. 

Senator  Kpttredge.  The  statement  is  made  here,  or  at  least  the 
inference  is  clear,  that  the  board  had  in  its  possession  the  result  of 
borings  to  the  depth  of  258  feet,  is  it  not  ? 

Mr.  Stevens.  That  is  what  the  report  says.  I  can  not  recall  the 
exact  depth,  in  my  mind.  They  had  access  to  the  records  which  we 
furnished  them. 

Senator  Kittredge.  I  continue  to  read : 

It  \s  more  than  possible,  it  is  highly  probable,  if  not  certain,  that  at  various 
points  the  material  is  sufficiently  loose  in  texture  to  permit  seepage  or  percola- 
tion in  dangerous  quantities. 

What  do  you  advise  us  in  regard  to  the  correctness  of  that  statement 
made  bv  the  Board  of  Consulting  Engineers? 

Mr.  Ste\'en8.  I  do  not  agree  with  it. 

Senator  Kittredge.  Ana  vou  base  it  upon  the  result  of  your  ex- 
aminations as  you  have  statecl  them  ? 

Mr.  Stevens.  Yes,  sir. 

Senator  Kittredge.  I  continue  to  read : 

Nothing  is  more  common  in  the  sandy  deposits  of  river  valleys  and  in  all 
sandy  material  than  small  passages  or  channels  through  which  water  moves, 
varying  In  size  from  thread-like  openings  to  those  sufficient  to  yield  flowing 
wells  of  large  discharge.  Extended  experience  in  dealing  with  the  underground 
flow  of  subsurface  waters  in  many  places  in  the  United  States,  and  wherever 
investigations  in  that  field  of  hydraulics  have  been  made,  show  this  to  be  the 
case. 

Senator  Sim3ion8.  Are  you  reading  that  from  the  majority  report 
or  the  minority  report? 
Senator  Kittredge.  From  the  majority  report. 
Senator  Si31mon8.  That  is  what  I  supposed. 

The  Chatr3Ian.  That  relates  to  both  Gatun  and  Bohio,  does  it  not? 
Senator  Kittredge.  Yes.     I  am  speaking  of  Gatun. 
I  pass  over  several  paragraphs  and  read  the  following  on  page  29 : 

The  United  States  Government  is  proiwsing  to  expend  many  millions  of  dol- 
lars for  the  construction  of  this  great  waterway  to  serve  the  commerce  of  the 
world  for  all  time,  whose  very  existence  would  depend  upon  the  permanent 
stability  and  unquestioned  safety  of  its  dams. 

Is  that  a  correct  statement  ? 

Mr.  Stevens.  The  perpetuity  of  the  canal  would  depend  on  the 
safety  of  the  dams.    There  is  no  question  about  that. 

Senator  Gorman.  At  either  place  ? 

Senator  Kittredge.  At  either  place,  where  there  is  a  lock  canal ;  if 
you  were  to  have  a  lock  canal.     Is  that  right  ? 

Mr.  Stevens.  The  safety  of  the  dams  must  be  assured. 

Senator  Kittredge.  In  other  words,  the  dam,  either  at  Gatun  or  at 
Bohio  or  wherever  else  it  may  be  decided  to  place  it,  if  a  lock  canal 
is  determined  upon,  must  be  absolutely  safe  ? 

Mr.  Stevens.  If  you  build  dams/ they  must  be  absolutely  safe. 
There  is  no  question  about  that. 
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Senator  Kittredge.  In  other  words,  a  safe  dam  is  a  key  to  the  in- 
tegrity of  the  entire  lock  canal.    That  is  riffht,  is  it  not  ? 

Mr.  Stevens.  Of  course  a  lock  canal  can  oe  built  without  any  dams 
at  all. 

Senator  Kittredge.  At  this  point? 

Mr.  Stevens.  No,  sir. 

Senator  Kittredge.  Well,  we  are  talking  about  that,  of  course,  Mr. 
Stevens. 

Mr.  Stevens.  You  spoke  of  several  points.  You  spoke  of  Gatun 
and  Bohio,  and  the  west  end,  the  south  end.  For  instance,  j^ou  could 
dig  a  sea-level  canal  up  to  bas  Obispo,  where  the  mountain  starts, 
and  then  lock  there,  ana  it  would  require  no  dam. 

Senator  Kittredge.  As  I  understand,  none  of  the  plans  you  now 
suffgest  have  been  recommended  by  any  board  or  seriously  considered! 

Mr.  Stevens.  Not  to  my  knowledge. 

Senator  EIittredge.  The  minority  of  the  Board  of  Consulting  En- 
gineers recommends  the  construction  of  a  dam  at  Gatun  and  a  lock 
canal  of  85  feet  elevation.  In  order  to  have  any  canal  at  all  that  dam 
must  be  an  absolutely  safe  structure? 

Mr.  Stevens.  Surely. 

Senator  Kittredge.  Passing  now  from  the  dam  at  Gatun  to  the 
dam  at  Gamboa :  Under  the  plan  proposed  by  the  Board  of  Consulting 
Engineers,  as  I  understand,  that  Board  recommend  the  construction 
of  a  masonry  dam  at  Gamboa  for  the  purpose  of  controlling  the  flood 
waters  of  the  Chagres  ? 

Mr.  Stevens.  If  I  recall  their  words  aright,  they  say  either  a 
masonry  dam  or  an  earth  and  masonry  dam. 

Senator  Kittredge.  You  told  me  yesterday  that  the  foundations 
of  this  dam  were  laid  in  solid  trap  rock  ? 

Mr.  Stevens.  At  about  50  feet,  at  the  deepest  point,  you  strike  the 
rock. 

Senator  Kittredge.  There  is  no  difficulty  in  reaching  the  rock  at 
any  point  at  which  the  dam  is  to  be  constructed  ? 

Mr.  Stevens.  No,  sir. 

Senator  Eottredge.  The  purpose  of  that  dam  is  to  impound  the 
flood  water  and  then,  with  proper  appliances,  to  permit  the  escape 
of  the  water  at  suitable  times  in  the  canal  and  out  to  sea? 

Mr.  Stevens.  Yes,  sir. 

Senator  Kittredge.  Is  there  anything  about  this  dam  that  makes 
it  impossible  to  construct  an  absolutely  safe  dam  ? 

Mr.  Stevens.  Nothing  except  a  faulty  design  or  a  faulty  execu- 
tion of  the  work. 

Senator  Kittredge.  And  that,  of  course,  you  would  not  count 
against  the  structure? 

Mr.  Stevens.  No,  sir.    The  natural  conditions  are  good. 

Senator  Kittredge.  So  that  the  answer  is  that  you  would  secure 
an  absolutely  safe  structure  at  that  point? 

Mr.  Stevens.  As  far  as  human  foresight  could  prevail. 

Senator  Kittredge.  Exactly.  Is  there  anything  about  the  pur- 
pose of  the  structure  that  would  make  that  feature  of  the  sea-level 
canal  a  doubtful  proposition  ? 

Mr.  Stevens.  No;  not  if  the  dam  were  properly  built,  excepting 
always  the  danger  of  an  artificial  masonry  work  from  attack  in  case 
of  war,  or  something  of  that  sort 
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Senator  KiTTBEDOE.  Well,  there  is  no  more  danger  in  that,  then, 
than  in  any  similar  structure? 

Mr.  SxETENB.  I  say  any  artificial  work  or  masonry. 

Senator  EIittbedoe.  Passing  for  the  moment  to  the  tidal  lock 
structure  of  the  sea -level  canal,  where  is  that  to  be  located? 

Mr.  Stevens.  At  Sosa — ^between  Sosa  and  Ancon  Hill. 

Senator  Kittredoe.  Does  not  the  Board,  while  expressing  a  prefer- 
ence for  that  point,  indicate  that  a  change  may  be  made  in  that  re- 
gard? 

Mr.  Stevens.  I  do  not  recall  their  language.  I  have  not  read  that 
report  for  a  week  or  ten  days.    I  could  not  remember  those  things. 

Senator  Kittbedge.  Is  there  anything  to  hinder  a  tidal  lock  being 
constructed  at  Miraflores? 

Mr.  Stevens.  Not  in  my  opinion ;  no,  sir. 

Senator  Kittredge.  At  that  point  the  foundation  is,  as  you  stated 
yesterday,  in  rock? 

Mr.  Stevens.  The  rock  is  very  near  the  surface  there;  very  near. 

Senator  Kittredge.  Do  you  recall  any  feature  or  any  condition 
surrounding  that  location  fiiat  would  prevent  the  construction  of  a 
tidal  lock  at  Miraflores? 

Mr.  Stevens.  I  do  not  recall  any ;  no,  sir. 

Senator  EIittredoe.  If  the  sea-level  canal  be  adopted,  what  is  your 
judgment  about  the  advisability  of  constructing  a  tidal  lock  at  Mira- 
flores, as  compared  with  the  location  at  Sosa  ? 

Mr.  Stevens.  My  predilection,  as  I  explained  yesterday,  is  in  favor 
of  putting  locks  in  any  type  of  canal  at  Miraflores  rather  than  at 
Sosa. 

Senator  Kittredge.  On  the  sea-level  canal,  as  recommended  by  the 
Board  of  Consulting  Engineers,  there  are,  then,  two  dams  to  be 
built — one  at  Gamboa,  for  the  purpose  of  controlling  and  impounding 
the  flood  waters  of  the  Chagres,  and  the  other  structure  is  the  tidffl 
lock  at  Miraflores  or  Sosa  or  some  point  on  the  Pacific  side  ? 

Mr.  Stevens.  Yes,  sir. 

Senator  Kittredge.  And  I  understand  you  to  say  there  is  nothing 
in  either  of  those  propositions  presenting  any  unusual  difliculties? 

Mr.  Stevens.  I  do  not  thiuK  so.  My  preference,  as  I  explained, 
for  placing  artificial  works  farther  inland  was  largely  on  account  oi 
the  military  point  of  view. 

Senator  Kittredge.  Yes ;  I  so  understood  jou.  On  the  lock  canal, 
with  the  elevation  recommended  by  the  minority  of  the  Board  oi 
Consulting  Engineers,  you  have  the  dam  and  triple  locks  at  Gatun, 
which  you  have  described :  then  you  eliminate  the  dam  at  Gamboa, 
which  is  recommended  by  the  Board  in  favoring  the  sea-level  canal. 
You  have  a  lock  at  Miraflores  of  about  30  feet? 

ilr.  Stevens.  I  think  that  is  at  Pedro  Miguel.  They  are  both 
to»3ther,  within  a  mile  or  so. 

Senator  Kittredge.  Well,  in  that  vicinity,  I  mean — Miraflores  or 
Pedro  Miguel? 

Mr.  Stevens.  Yes,  sir. 

Senator  Kittredge.  And  then  a  duplicate  lock  in  the  vicinity  of 
Ancon  or  La  Boca,  of  an  elevation  of  55  feet? 

Mr.  Stevens.  Yes,  sir. 

Senator  Kittredge.  That  is  right,  is  it? 

Mr.  Stevens.  Yes,  sir. 
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Senator  Kittredgb.  The  duplicate  lock  means  the  construction  of 
three  dams,  which  you  described  yesterday.    Is  that  right? 

Mr.  Stevens.  Yes,  sir. 

Senator  BIittredge.  And  the  aggregate  length  of  those  dams  is 
what? 

Mr.  Stevens.  I  do  not  remember  that  I  gave  the  aggregate  length. 
I  think  the  longest  would  be  about  three-quarters  of  a  mile,  across 
the  valley  of  Rio  Grande;  another,  between  the  two  mountains,  Sosa 
and  Ancon,  about  one-third  of  a  mile ;  and  the  third,  from  Ancon  to 
what  is  called  the  "  Corozal  Hills,"  which  would  be,  I  should  jud^e, 
about  a  mile  or  a  mile  and  a  quarter;  altogether  making,  say,  prob- 
ably two  miles  and  a  quarter.  That  is  only  a  general  statement, 
judging  from  the  map. 

Senator  Kittredge.  I  understand. 

Mr.  Stevens.  I  have  walked  over  the  ground  and  been  over  it,  of 
course. 

Senator  EIittbedge.  That  is  sufficient  for  the  purpose.  What  is 
the  character  of  the  soil  at  the  point  of  these  two  dams? 

Mr.  Stevens.  It  is  clay. 

Senator  IQttredoe.  What  do  you  say  about  the  foundation  there, 
as  compared  with  the  foundation  at  Gatun? 

Mr.  Stevens.  I  should  say  that  the  material  shows  that  it  is  im- 
permeable in  both  places.  The  rock,  of  course,  is  comparatively  near 
the  surface  througn  this  section  of  the  country  down  there  at  this 
particular  place — ^that  is,  at  Sosa,  and  all  through  that  country. 

Senator  Kittkedge.  Do  you  propose  to  go  down  to  the  rock  with 
the  dams  at  the  points  that  you  have  descrioed? 
.    Mr.  Stevens.  No,  sir. 

Senator  Kittredge.  Then  the  distance  to  the  rock  in  the  plans 
adopted  by  the  minority  is  of  no  special  significance? 

Mr.  Stevens.  I  think  not. 

Senator  Kittredge.  And  is  it  your  judgment  that  the  material 
upon  which  the  foundation  of  those  dams  would  be  laid  is  substan- 
tially the  same  as  at  Gatun  ? 

Mr.  Stevens.  Well,  I  suppose  that  no  two  materials 

Senator  Kittredge.  I  mean  so  far  as  ^tability  is  concerned? 

Mr.  Stevens.  Yes,  sir. 

Senator  Kittredge.  I  read  now  from  page  29  of  the  majority  re- 
port, or  the  report  of  the  Board  of  Consulting  Engineers,  as  follows : 

The  dam  at  La  Boca,  between  San  Juan  Point  and  Sosa  Hill,  unless  carried 
down  to  bed  rock  at  that  location,  would  be  placed  upon  a  far  worse  foundation 
even  than  that  proposed  at  Gatun  or  Mindi. 

What  do  you  say  about  that? 

Mr.  Stevens.  I  say  that  is  their  opinion ;  it  is  not  mine. 

Senator  Kittredge.  I  am  asking  you  for  your  opinion,  of  course. 
That  is  the  purpose  of  this  inquiry — to  find  out  what  you  think 
about  it. 

Mr.  Stevens.  I  do  not  think  so. 

Senator  Kittredge.  "  The  La  Boca  site,"  I  continue  to  read — 

is  one  covered  by  an  ooze  of  mud  and  silt,  with  some  sandy  material  over- 
lying the  rock.  It  Is  practicable  to  construct  here  an  earth  dam,  with  a  heavy 
masonry  core  running  down  to  bed  rock,  whose  stability  would  be  beyond  ques- 
tion. Such  a  structure  would  be  far  more  costly  than  a  great  amount  of  earth 
placed  upon  the  mud  and  silt  forming  the  natural  bottom  of  the  Rio  Grande 
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estuary.  Unless  some  feature  equiyalent  to  tbat  of  a  heavy  masonry  core 
characterizes  the  design  of  the  dam  at  this  point,  or  unless  resort  be  made  to 
dredging  down  to  bed  rock  or  near  to  It  and  refilling  with  suitable  material, 
or  an  earth  dam  at  this  location  be  made  very  massive,  It  would,  at  this  loca- 
tion, be  in  grave  danger  of  being  pushed  bodily  out  of  place  by  the  pressure 
due  to  the  head  of  water  In  the  reservoir. 

Is  that  your  opinion? 

Mr.  Stevens.  My  opinion  is  that  the  saving  clause  is  right  there — 
"  or  if  it  was  made  of  massive  construction." 

Senator  Kitfredge.  Then  do  you  approve  of  that  suggestion,  or 
do  you  differ  with  it? 

Mr.  Stevens.  I  approve  of  this — ^that  if  the  dam  was  made  of 
large  size  it  would  oe  sufficient.  I  would  not  undertake  to  put  a 
little,  small,  narrow,  thin  dam  in  there  and  suppose  that  it  would 
stav.    I  would  not  do  that  anywhere,  even  on  solia  rock. 

Senator  BIiTnupDGE.  I  continue  to  read,  as  follov^rs: 

The  United  States  Government  Is  proposing  to  expend  many  millions  of  dol- 
lars for  the  construction  of  this  great  waterway,  to  serve  the  commerce  of  the 
world  for  all  time,  whose  very  existence  would  depend  upon  the  permanent 
stability  and  unquestioned  safety  of  its  dams,  and  the  Board  Is  of  opinion  that 
the  existence  of  such  costly  facilities  for  the  world's  commerce  should  not 
depend  upon  great  reservoirs  held  by  earth  embankments  resting  literally  upon 
mud  foundations  or  those  of  even  sand  and  gravel.  The  Board  is  unqualifiedly 
of  opinion  that  no  such  vast  and  doubtful  experiment  should  be  Indulged  In ; 
but  on  the  contrary,  that  every  work  of  whatever  nature  should  be  so  designed 
and  built  as  to  include  only  those  features  which  experience  has  demonstrated 
to  be  positively  safe  and  eflacient. 

^Vhat  suggestions  have  you  to  make  upon  that  recommendation? 

Mr.  Stevens.  None. 

Senator  Hopkins.  What  do  you  mean  by  "  none?  "  Do  you  mean 
that  you  approve  of  that  or  that  you  disagree  with  it  in  toto? 

Mr.  Stevens.  Why,  certainly ;  1  think  it  goes  without  saying  that 
anvthing  that  is  built  should  be  built  to  stay. 

Senator  Hopkins.  Where  you  diflPer  with  them  is  as  to  the  char- 
acter of  construction  that  you  have  indicated  at  Gatun  and  at  La 
Boca? 

Mr.  Stevens.  Yes.  sir. 

Senator  Hopkins.  You  think  that  is  of  a  permanent  character 
and  will  stand  all  pressure  that  may  come  upon  it  ? 

Mr.  Stevens.  I  should  so  regard  it,  else  I  would  not  recommend  it. 

Senator  GoitwAN.  Is  your  conclusion  in  that  matter  based  on  the 
same  data  that  were  before  the  board  of  engineers? 

Mr.  Stevens.  Yes,  sir.    ' 

Senator  Gorman.  You  have  no  other  or  different  data  from  what 
were  submitted  to  them  ? 

Mr.  Stevens.  No,  sir. 

Senator  Kittrbdge.  I  asked  you  a  few  minutes  ago  about  the  width 
of  the  Suez  Canal  at  the  baseband  the  surface  of  the  water;  and  I 
think  you  said  it  was  about  150  or  160  feet  wide  at  the  bottom,  and 
that  the  width  at  the  surface  of  the  water  would  depend  upon  the 
slope  of  the  banks. 

jUt.  Stevens.-  That,  of  course,  Senator,  is  simply  a  guess.  I  do  not 
recall.    I  know  in  a  general  way  that  it  is  a  narrow  canal. 

Senator  Kittredge.  How  does  the  size  of  that  canal  compare  with 
the  size  of  the  canal  recommended  by  the  majority  of  the  Board  of 
Consulting  Engineers? 
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Mr.  Stevens.  To  answer  that  question  in  fairness  to  myself,  I 
should  have  the  exact  figures,  I  think. 

Senator  Kittredge.  I  will  be  glad  to  give  them  to  you. 

Mr.  Stevens.  I  do  not  know  whether  they  are  given  there  or  not. 
We  all  know  from  the  statement  I  have  drawn  oflP  what  the  exact 
width  of  the  canal  as  proposed  by  the  sea-level  proposition  is.  We 
had  it  here  yesterday.  [After  being  handed  copy  of  majority  re- 
port.] I  am  not  sure  that  this  even  gives  a  description  of  the  Suez 
Canal.  I  know  I  have  it  in  one  of  my  notes  somewnere.  [After  ex- 
amining majority  report.]  I  have  those  here  now.  I  find  that  I  was 
mistaken;  it  is  a  great  deal  narrower  than  I  said.     [Eeading:] 

It  is  a  sea-level  canal  without  looks,  and  has  a  depth  of  31  feet  2  inches — 

I  had  that  right — 

which  is  now  being  increased  to  34  feet  5  inches.  The  bottom  width  in  the 
canal  proper  varies  from  108  feet,  where  the  side  slopes  are  very  flat,  to  118 
feet,  where  the  side  slopes  are  steeper,  with  garages,  or  passing  places,  at  inter- 
vals for  vessels  of  large  size,  as  such  vessels  are  not  allowed  to  pass  each  other 
while  both  are  in  motion. 

Senator  Gorman.  You  are  now  referring  to  the  Suez  Canal  ? 
Mr.  Stevens.  Yes,  sir. 

In  order  to  avoid  this  diiSculty,  widening  operations  are  in  progress,  by 
which  the  passing  places  will  be  united  and  the  bottom  width  of  the  canal  in- 
creased to  a  minimum  of  147  feet  6  inches. 

There  is  probably  where  I  got  the  "  150  "  in  my  head.  It  is  being 
widened  to  that  extent.  They  do  not  give  the  slopes,  and  they  do 
not  give  the  top  width. 

Senator  Kittredge.  With  that  information,  are  you  able  to  answer 
my  question  ? 

Mr.  Ste\'en8.  Now,  you  will  bear  in  mind  that  at  present — or  do 
you  want  to  take  it  after  the  widening  is  done? 

Senator  Kittredge.  After  the  widening  is  done. 

Mr.  Stevens.  I  think  that  canal  is  about  90  miles  long.  The  av- 
erage will  be  147  feet  and  the  depth  34  feet  5  inches.  Out  of  the  49 
miles  of  the  Panama  Canal  we  have  21  miles  of  150  feet  width  at  the 
bottom — almost  exactly  the  same  as  the  Suez.  Then  we  have  18  miles 
of  200  feet  width ;  then  we  have  3.9,  say,  4  miles,  of  300  feet  width, 
and  4.7  miles  of  500  feet  width. 

Senator  Gorman.  This  is  the  sea-level  canal? 

Mr.  Stevens.  Yes,  sir.    So,  as  regards  width,  something  like  40 

Sjr  cent  of  the  Panama  Canal  will  te  of  the  same  width  as  the  Suez 
anal. 

Senator  Kittredge.  That  canal  has  been  successful  in  its  opera- 
tions, with  the  width  that  you  have  stated? 
Mr.  Stevens.  Oh,  yes. 
Senator  Kittredge.  I  call  this  to  your  attention  in  connection  with 

}rour  statement,  as  I  understood  it  yesterday  afternoon,  that  the  sea- 
evel  canal  recommended  by  the  Board  of  Consulting  Engineers  was 
in  your  judgment  too  narrow  for  successful  operation;  that  you 
would  have  to  haul  your  vessels  up  and  await  the  passage  of  a  ship 
going  in  the  other  directiouj  etc 

Senator  Hopkins.  That  is  what  they  do  on  the  Suez  Canal,  is  it 
not? 

Senator  EIittredob.  I  understand  that 
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Mr.  Ste\'en8.  I  think  the  conditions  are  entirely  dissimilar. 

Senator  Kittredge.  That  is  just  the  point  I  was  getting  at. 

Mr.  Stevens.  Yes,  sir. 

Senator  Kittredge.  In  what  respect  are  they  dissimilar? 

Air.  Stevens.  I  think  the  curvature  of  the  Panama  Canal  is  greatly 
in  excess  of  that  of  the  Suez  Canal.  That  can  be  determined,  of 
course,  by  getting  a  correct  map  of  the  Suez  Canal. 

Senator  Kittredge.  Let  me  ask  you,  right  there,  this  question: 
Where  there  is  any  curve  in  the  canal  at  Panama  the  canal  is  wider, 
is  it  not? 

ilr.  Ste%t:n8.  I  do  not  understand  that  it  is,  under  the  sea -level 
proposition.     The  lock  canal  does  not  propose  any  curve  at  all. 

Senator  KrrrREDGE.  Are  you  quite  sure  that  under  the  sea-level 
proposition,  where  there  may  be  a  curve,  the  canal  proper  is  no  wider? 

Mr.  Stevens.  If  I  should  build  such  a  canal,  I  should  certainly 
make  it  wider.  It  would  be  absolutely  necessar}^  But  I  can  not  say 
whether,  in  their  details,  they  have  taken  that  into  consideration  or 
not.  It  certainly  should  be  wider,  of  course;  there  is  no  question 
about  that 

Senator  Kittredge.  Yes.  So  that,  taking  into  consideration  what- 
ever curve  there  may  be,  the  canal  is  enough  wider  to  make 

Mr.  Stevens.  It  must  be  made  wider,  certainly.  What  I  referred 
to  in  regard  to  the  conditions  being  diflPerent 

Senator  I&TrREDGE.  So  that  in  fliat  regard  the  point  that  you  sug- 
gest may  not  be  well  taken ;  or  is  it  ? 

Mr.  Stevens.  That  would  depend  on  the  amount  that  you  widened 
it,  of  course.  There  is  a  certain  point  that  you  can  widen  it  to  where 
your  curve  disappears.  If  you  will  allow  me  to  finish  in  regard  to 
Suez 

Senator  Kjttredge.  Certainly. 

Mr.  Stevens.  This  is  merely  a  suggestion,  but  I  think  it  carries 
weight.  At  Suez  the  canal  is  dug  through  a  low,  sandy  country — ^a 
desert — with  little  or  no  rainfall,  and  very  hot  all  the  time.  Aden,  on 
the  Red  Sea,  at  the  eastern  terminus,  is  probably  the  hottest  place 
that  is  inhabited  in  the  world,  so  far  as  we  nave  any  records. 

There  is  very  little  rainfall;  the  records  will  show  what  it  is. 
There  are  no  streams  entering  it.  There  are  no  torrential  rains — 
nothing  of  the  sort.  It  is  siinply  a  channel  between  the  two  seas — 
through  a  flat,  sandy  desert.  Ibelieve  the  deepest  cutting  is  not  over 
00  feet. 

Here  we  are  constructing  a  canal  through  a  range  of  mountains,  in 
a  country  where  the  rainfall  ranges  from  135  indies  to  65  at  either 
end. 

Senator  Kittredge.  That  is,  135  inches  at  Colon? 

Mr.  Stevens.  Yes,  sir. 

Senator  Kxttredge.  And  65  at  Panama  ? 

Mr.  Stevens.  Yes,  sir ;  with  numberless  large  and  small  mountain 
torrents — some  of  them,  in  flood  times,  veritable  rivers — ^which  must 
be  taken  care  of,  many  of  them  coming  directly  into  the  canal,  carry- 
ing in,  as  they  must  inevitably,  silt,  perhaps  trees,  mountain  debris  of 
5iir sorts,  rocks,  bowlders,  etc;  so  that  I  nardly  think  a  comparison 
between  the  canal  at  Suez  and  one  of  the  same  oimensions  at  Panama 
is  a  fair  one.     That  is  the  point  that  I  wanted  to  make. 
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If  you  will  allow  me,  I  will  sav  this  at  this  point,  not  in  the  nature 
of  an  examination,  but  more  of  an  explanation  that  is  due  to  me: 
As  I  said  yesterday,  I  do  not  pose  as  being  the  expert  of  the  Canal 
Commission,  or  anybody's  expert.  The  work  of  getting  the  design 
of  the  canal  was  practically  taken  out  of  my  hands.  You  will  all 
admit  that  that  is  fair  to  me. 

Senator  Kittredgb.  Certainly  it  is. 

Mr.  Stevens.  So  that  when  I  say  I  do  not  know  definitely  about 
some  point,  I  am  honest  in  it.  I  am  not  trying  to  "  side  step."  It  is 
simply  because  I  do  not  know.  I  understand  that  many  navigators, 
canal  experts,  canal  engineers,  and  maritime  men  claim  that  a  curve 
in  a  canal  is  a  mistake.  (Now,  this  is  something,  of  course,  that  does 
not  apply  to  a  lock  canal  any  more  than  it  does  to  a  sea-level  canal ; 
it  is  without  prejudice  to  any  type.)  They  say  that  instead  of  hav- 
ing curves,  as  we  lay  them  out  on  a  railway,  a  long,  swin^ng  distance, 
to  subtend  an  angle,  the  twO'  tangents  of  the  straight  line  should  be 
brought  to  a  point,  you  see;  just  the  same  as  a  man  would  walk  to  a 
street  corner  and  then  turn  an  angle  right  at  that  point  instead  of 
making  a  long  swing. 

Then,  at  that  point,  the  prism  of  the  canal  should  be  widened  inside 
of  the  intersection  of  these  two  tangents,  so  that,  in  effect,  instead  of 
the  ship  making  a  rounding  curve,  changing  her  tiller  all  the  while, 
she  follows  those  range  lights  (supposing  that  there  are  two  ran^ 
lights  that  she  is  sailing  for,  for  the  central  line  of  this  canal)  until 
she  gets  to  a  certain  point  where  those  range  lights  change.  They 
change  instantly.  Then  she  throws  her  tiller  all  at  once  and  makes 
her  turn  just  as  quickly  as  she  can,  and  goes  on  her  new  course. 

These  men  claim  that  that  is  the  way  to  navigate  a  canal.  I  talked 
with  several  members  of  the  advisorv  board  while  they  were  on  the 
Isthmus,  particularly  Mr.  Hunton,  wlio  was  the  chief  en^neer  of  the 
Manchester  Canal;  and  I  find  on  talking  with  some  ot  our  men  in 
this  country,  particularly  Mr.  Ripley,  who  was  also  a  member  of  the 
advisory  board,  that  they  recommend  it  very  strongly ;  and  it  would 
seem  to  me  that  there  may  be  force  in  that.  I  understand,  if  I  read 
the  minority  report  right,  that  they  considered  it  entirely  a  matter  of 
detail,  as  it  did  not  affect  the  cost  of  the  canal  particularly. 

So  when  we  speak  of  curvature  we  must  recollect  that  it  is  not  curv- 
ature under  that  plan;  it  is  simply  an  abrupt  turn.  Of  course  the 
ship  will  drift  a  little  under  her  steerage  way,  but  the  effort  is  made 
to  make  her  turn  at  one  point.  I  have  noticed,  too,  in  entering  har- 
bors, that  a  vessel  never  makes  a  long  swing  when  she  comes  from 
one  course  to  the  other.  She  goes  where  she  goes  on  that  course,  and 
then  she  turns  and  goes  the  other  way. 

I  just  mention  that,  thinking  that  it  may  be  of  interest  to  you  gen- 
tlemen. It  does  not  have  any  particular  oearing  on  the  type  of  the 
canal  one  way  or  the  other. 

Senator  Kittredgb.  We  are  glad  to  hear  your  suggestion,  of  course. 

Mr.  Stevens.  I  can  see  this,  though,  witnout  bemg  a  seaman,  and 
I  think  we  all  can,  that  with  range  lights  on  a  series  of  broken  courses 
of  straight  lines  it  would  be  much  easier  to  handle  a  ship  around  an 
angle  than  it  would  to  undertake  to  make  a  gradual  turn  of  that  ship 
in  a  narrow  channel. 

Senator  Kittredgb.  That  suggestion  contemplates  the  running  of 
boats  at  night,  I  understand  f 
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Mr.  Stevens.  Oh,  I  should  suppose  that  if  you  built  a  canal  at 
Panama  you  would  build  it  to  operate  through  the  twenty- four  hours. 
I  do  not  see  how  you  could  well  do  otherwise. 

Senator  Morgan.  In  the  case  that  you  mention  the  thing  that  the 
ship  most  needs  for  safe  navigation  is  turning  room  at  the  intersec- 
tion of  these  angles? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  That  is  the  proposition  ? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  There  is  something  about  this  south  end  of  the 
canal  that  I  have  not  quite  straight  in  my  mind,  and  I  want  to  see  if 
I  am  right  about  it.  Miraflores  is  virtually  at  the  foot  of  the  hiU — 
the  foot  of  the  ridge  ? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  Am  I  right  about  that? 

Mr.  Stevens.  Yes,  sir.  It  is  really,  Senator,  about  a  mile  or  a  mile 
and  a  quarter  from  where  the  bottom  sinks — from  the  lock  at  Pedro 
Miguel. 

&nator  Morgan.  And  from  that  point  out  to  sea  it  is  what  we  call 
level 

Mr.  Stevens.  It  is  tide  flats.  The  tide  practically  comes  up  at 
high  tide  to  Miraflores. 

Senator  Morgan.  They  are  tide  flats? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  These  two  proposed  routes,  the  sea-level  canal 
and  the  lock  canal,  both  go  to  Miraflores? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  And  they  diverge  at  Miraflores,  or  near  there? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  One  ffoes  between  Sosa  Hill  and  Ancon — that  is 
the  sea-level  canal — and  the  lock  canal  goes  to  the  westward  of  Sosa 
Hill? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  And  then  out  to  the  sea,  both  of  them ;  and  you 
have  stated  that  a  little  stream  of  water,  or  river  (as  they  call  them 
out  there),  passes  between  Sosa  Hill  and  Ancon? 

Mr.  Stevens.  I  do  not  think  I  stated  that.  If  I  did,  it  is  incorrect. 
There  is  not;  no,  sir.       * 

Senator  Morgan.  It  is  marked  on  the  map  as  going  through 
there — ^the  Quibadal,  or  something  like  that. 

Mr.  Stevens.  Between  the  mountains? 

Senator  Morgan.  Between  Sosa  and  Ancon. 

Mr.  Stevens.  Oh,  no ;  that  is  a  mistake. 

Senator  Morgan.  It  is  a  mistake? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  I  so  read  it  on  the  map. 

Mr.  Ste\ten8.  I  am  over  that  ground  every  day  of  my  life  when  I 
am  in  Panama,  and  I  do  not  think  there  is  even  a  culvert  there. 

Senator  Morgan.  Now,  take  the  country  from  the  gap  between 
Sosa  Hill  and  Ancon  and  run  back,  now,  to  Miraflores,  in  the 
straightest  line  you  can  make — what  sort  of  a  countty  does  that  line 
pass  through  ? 

ENO  I 
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Mr.  Stevens.  It  passes  through  a  low,  swampy  country,  covered 
with  mangrove  brush,  with  the  exception  of  one  stretch  that  I  pre- 
sume is  about  2,000  feet  in  length,  measured  along  the  line. 

Senator  Morgan.  The  whole  distance,  then,  or  nearly  the  whole 
distance,  between  this  gap  which  we*speak  of  and  Miraflores,  through 
which  the  sea-level  canal  is  proposed  to  run,  is  a  swampy  country? 

Mr.  Stevens.  With  the  exception  of  this  half  mile  of  rock. 

Senator  Morgan.  A  half  mile  of  rock? 

Mr.  Stevens.  Yes,  sir ;  that  is,  rock  which  comes  above  the  surface. 

Senator  Morgan.  That  occasions  the  building,  as  I  understand  it, 
of  an  embankment  practically  reaching  from  Miraflores  to  the  gap  be- 
tween the  two  hiUs  f 

Mr.  Ste\'ens.  Yes,  sir. 

Senator  Morgan.  About  what  is  the  length  of  that  embankment? 

Mr.  Stevens.  It  is  about  4  miles. 

Senator  Morgan.  And  it  runs  through  a  flat  country,  with  the  ex- 
cention  of  this  rock  hill  of  which  j^ou  speak  ? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  One  of  these  swampy  countries.  What  would 
be  a  safe  embankment  there  to  protect  a  sea-level  canal  for  a  dis- 
tance of  4  miles  ? 

Mr.  Stea-ens.  I  should  say  that  the  material  dredged  from  the 
canal  itself,  put  in  there  with  hydraulic  pumps,  would  be  all  right — 
a  good,  wide  levee. 

Senator  Morgan.  AVhat  would  be  the  probable  height  of  such  an 
embankment  ? 

Mr.  Ste\t:ns.  It  would  only  be  necessary  to  carry  it  high  enough 
to  keep  the  tidal  waters  out— 1  should  sav  not  to  exceed  6  feet. 

Senator  Morgan.  By  "  tidal  waters  ^  you  mean  the  waters  that 
come  from  the  sea  ? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  Would  that  embankment  be  necessary  on  both 
sides  of  the  canal  going  to  this  gap  ? 

Mr.  Stevens.  No  ;  I  do  not  think  it  would.  Some  provision,  how- 
ever, should  be  made  to  take  care  of  the  waters  that  come  in  from  the 
east  side,  the  small  streams  that  come  in. 

Senator  Morgan.  That  is  what  I  wanted  to  get  at. 

Mr.  Stevens.  Yes,  sir.  • 

Senator  Morgan.  They  are  numerous? 

Mr.  Stevens.  Well,  the  country  there  is  all  cut  up  by  little  bayous 
and  by  water  that  comes  from  the  hills.  I  do  not  think  there'  are 
over  a  couple  of  streams  that  amount  to  much  in  their  size. 

Senator  Morgan.  But  they  are  very  crooked  in  their  course  ? 

Mr.  Stevens.  Yes,  sir ;  very. 

Senator  Morgan.  And  have  to  be  shut  out  of  the  canal  ? 

Mr.  Stevens.  Yes,  sir;  either  shut  out  or  brought  in  so  that  they 
would  not  cut  the  walls  of  the  canal  at  all. 

Senator  Morgan.  The  canal  there  would  be  40  feet  below  sea  level  ? 

Mr.  Stevens.  Yes,  sir;  that  is  what  they  figured  on.. 

Senator  Morgan.  And  about  what  would  be  the  width  on  their 
proposition  ? 

Mr.  Stevens.  They  figured  on  300  feet 

Senator  Morgan.  Three  hundred  feet? 

Mr.  Stevens  (after  referring  to  profile).  No;  200  feet. 
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Senator  Morgan.  A  canal  200  feet  wide? 

ilr.  Stevens.  Two  hundred  feet  wide  on  the  bottom. 

Senator  Morgan.  On  the  bottom,  and  40  feet  below  mean  tide  ? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  Now,  the  eastern  side  of  that  canal  would  have 
to  be  protected  for  about  4  miles  in  order  to  shut  out  those  waters  that 
come  from  the  small  streams  ? 

Mr.  Stevens.  Well,  I  would  not  say  that.  I  say  that  on  the  eastern 
side  there  is  about  4  miles  where  the  water  comes  in. 

Senator  Morgan.  Yes. 

Mr.  Stevens.  It  is  possibly  the  intention  of  the  sea-level  engineers 
to  allow  that  water  to  come  directly  in  it.  I  do  not  know  whether  the 
rejKjrt  bears  on  that  or  not.  I  do  know  that  they  propose  to  make  a 
dike  or  levee  to  keep  the  tidal  waters  from  coming  into  the  side  of  the 
canal. 

Senator  Morgan.  That  would  be  on  the  western  side  of  the  canal  ? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  What  would  be  the  length  of  that  dike? 

Mr.  Stevens.  The  same  length,  practically. 

Senator  Morgan.  Four  miles? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  Then  you  would  have  4  miles  of  dike  on  either 
side  of  the  canal  ? 

Mr.  Stevens.  You  would  have  if  you  diked  out  the  fresh  water. 

Senator  Morgan.  If  you  shut  out  these  waters? 

Mr.  Stevens.  Yes,  sin 

Senator  Morgan.  In  order  to  keep  the  channel  of  the  canal  free  of 
the  intrusion  of  outside  waters,  you  would  have  to  have  a  dike  on 
both  sides) 

Mr.  Stevens.  For  about  4  miles. 

Senator  Morgan.  About  4  miles  in  extent? 

Mr.  Stevens.  Yes,  sir — ^that  is,  on  either  side — ^in  the  neighborhood 
of  7  or  8  miles,  counting  both  sides.  • 

Senator  Morgan.  Together? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  Now  take  the  dike  on  the  western  side;  that  is 
intended  to  shut  out  the  tides — the  sea  waters? 

ilr.  Sten'ens.  Yes,  sir. 

Senator  Morgan.  Would  it  not  be  necessary  to  have  that  dike  very 
-trong,  very  compact,  and  very  firm,  so  as  to  meet  the  possible  inflow 
of  waters  ahead  of  a  storm  or  wind  on  the  top  of  a  tide  ? 

Mr.  Ste^-ens.  I  do  not  think,  Senator,  that  that  would  require  any- 
thing more  than  the  earth  construction,  for  this  reason:  The  way  I 
would  build  that  would  be,  first,  to  put  in  what  I  would  call  a  "  dipper 
dredge ;  "  then  I  would  cut  a  comparatively  narrow  channel  through 
the  swamp  near  the  west  line  of  the  canal,  you  see,  simply  to  float  my 
larger  dredge.  Of  course,  with  the  arm  of  the  dipper  I  would  throw 
that  material  over  on  the  bank.  That  would  form  a  small  wall  of 
earth  between  the  location  of  the  dredge  and  the  country  back.  Do 
I  make  myself  clear? 

Senator  Gorman.  Perfectly. 

>Ir.  Stevens.  That  would  be  what  I  call  my  "  dipper  dredge  " — 
one  of  those  that  come  down  this  way,  then  swing  over  and  drop  the 
material  off  at  th^  side. 
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Then  I  would  follow  that  up  with  a  big  hydraulic  dredge  in  this 
channel,  and  pump  the  balance  of  the  material  taken  from  the  canal 
right  over  this  small  dike  that  was  thrown  up  by  the  smaller  dred^ 
and  let  that  material  go  back  and  take  its  own  slope.  Naturally,  with 
the  amount  of  water  m  it,  it  would  take  a  slope  or  probably  about  1  in 
60,  perhaps  1  in  40,  or  1  in  30.  In  other  words,  it  would  bJe  very,  very 
flat.  Now,  if  you  have  noticed  it,  the  best  protection  that  nature 
makes  anywhere  in  the  world  against  tides,  against  current  wash,  is  a 
flat  slope  made  of  almcst  any  material. 

Senator  Gobman.  Is  it  better  than  riprap  ? 

Mr.  Stevens.  Yes ;  it  is  better  than  riprap.  Fine  sand,  fine  beach 
sand,  lying  on  a  very  light  slope,  is  the  very  best  protection  you  can 
get  from  sea  waves,  simply  for  this  reason :  The  waves  will  run  up 
on  it,  and  will  be  led  up,  as  you  may  sav,  until  they  lose  their  force. 

Now,  it  has  generally  beenfound,  in  the  last  few  years,  by  the  best 
construction  engineers,  that  instead  of  using  abrupt  masonry^  walls 
to  withstand  the  force  of  mountain  currents  or  the  heavy  beating  of 
waves,  a  much  lighter  slope  is  more  effective,  for  that  reason. 

Of  course  there  will  be  a  vast  amount  of  material,  and  those  dikes 
could  be  built  at  least  twenty  times  thicker  and  stronger  than  would 
probably  ever  be  necessary;  but  the  outside  slope,  allowing  it  to 
take  its  own  slope  that  way,  would  be  so  light  that  I  do  not  think 
storms  would  have  any  effect  on  it,  particularly  as  it  is  landlocked 
and  there  is  no  way  for  storms  to  get  at  it.  It  would  be  simply  the 
effect  of  tide  wash. 

Senator  Morgan.  Is  not  the  pressure  upon  a  flat  embankment,  such 
as  you  speak  of  across  that  4  miles  of  area,  identical  in  principle 
with  the  pressure  that  would  be  exerted  by  the  waters  upon  the  dam 
at  Gatun? 

Mr.  Stevens.  With  the  exception  that  there  would  be  a  rush  of 
the  tide  at  tiiis  point,  the  absolute  weight  of  the  water,  of  course, 
would  be  the  same  under  any  circumstances,  depending  on  the  depth. 

Senator  Morgan.  Would  the  pressure  from  the  tide  on  that  em- 
banlnnent  be  anything  like  equivalent  to  the  pressure  on  the  Gatun 
dam  from  the  waters  connected  with  the  lake? 

Mr.  Stevens.  Oh,  no;  because  of  the  greater  depth  of  the  Gatun 
dam,  which  gives  greater  pressure. 

Senator  Morgan.  The  reason  being,  I  suppose,  that  the  tide  in 
reaching  that  point  would  have  to  rise  very  considerably  in  level 
before  it  got  to  it? 

Mr.  Stevens.  Oh,  yes.  The  tide  never  would  rise  more  than  4  or 
5  feet  alongside  of  tms  levee. 

Senator  SIorgan.  Not  more  than  4  or  5  feet? 

Mr.  Stevens.  That  is  as  I  remember  it:  it  is  very  little.  This 
levee  that  they  speak  of  is  rather  an  insignificant  affair,  you  know. 

Senator  Morgan.  It  is  ? 

Mr.  Ste\^ns.  Oh,  yes.  There  would  be  no  sense  in  building  a 
high  dam  there  or  anything  like  that.  That  feature  is  perfectly 
practicable. 

Senator  Morgan.  The  lock  canal  proposes  to  go  to  the  westward 
of  this  proposed  embankment,  which  would  carry  it  to  the  westward 
ofSosa? 

Mr.  Stevens.  Yes,  sir. 
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Senator  Morgan.  Would  the  lock  canal  have  to  be  protected  in 
the  same  way  ? 

Mr.  Stevens.  Oh,  no. 

Senator  Morgan.  It  would  not? 

Mr.  Stevens.  In  the  case  of  the  lock  canal  there  would  be  no  par- 
ticular channel  through  the  greater  part  of  that  section,  you  know, 
because  the  55-foot  depth  would  extend  there  for  a  width  of  probably 
a  mile  and  a  half. 

Senator  Morgan.  And  the  lock  canal  would  go  through  a  lake, 
whereas  the  sea-level  canal  would  go  through  the  earth? 

Mr.  Stevens.  Yes,  sir;  that  is,  according  to  the  minority  report. 

Senator  Morgan.  Yes,  I  know;  with  embankments  on  either  side 
to  protect  it  wherever  they  thought  it  was  necessary  to  protect  the 
canal  against  the  intrusion  of  water? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  That  is  the  situation.  I  just  wanted  to  get  it 
clear  in  my  mind. 

Senator  Kittredge.  Mr.  Stevens,  if  a  sea-level  canal  could  be  con- 
structed at  the  same  cost  and  in  the  same  time  that  a  lock  canal 
could,  as  recommended  by  the  minority  of  the  Board  of  Consulting 
Engineers,  which  canal  would  you  preier? 

Mr.  Stevens  (after  a  pause).  I  am  afraid  I  would  prefer  the  lock 
canal.  Senator. 

Senator  Eottredoe.  Why? 

ilr.  Stevens.  Because  I  think  that  the  passage  of  ships  would  be 
quicker.  I  think  the  cost  of  operation  would  he  no  more—if  more, 
very  little — in  case  of  a  lock  canal.  I  think  the  cost  of  maintenance 
of  B.  lock  canal  would  be  venr  much  less.  I  think  the  passage 
through  a  lock  canal  will  be  safer.  I  think,  in  case  future  develop- 
ments should  require^  enlargement,  the  lock  canal  can  be  made  of 
much  larger  capacity  very  much  more  quickly  and  cheaply  than  the 
sea-level  canal.  I  recollect  having  some  figures  made  not  very  long 
ago,  I  think  since  I  came  to  Washington — I  was  thinking  of  them  at 
noon — ^which  were  to  this  effect : 

With  a  sea-level  proposition,  taking  the  same  unit  prices  which  are 
allowed  by  the  full  Doard,  without  any  dissent,  the  cost  of  widening  a 
sea-level  canal  of  49.7  miles  1  foot — ^you  understand  what  I  mean, 
simply  widening  it  1  foot,  12  inches — ^would  be  $870,000.  In  other 
words,  to  widen  this  entire  canal  frond  150  feet,  which  is  its  width 
for  the  greater  portion  of  its  length,  100  feet  would  cost  $87,000,000. 

Senator  Hopkins.  Eighty-seven  million  dollars? 

ilr.  Stevens.  Yes,  sir. 

Senator  Gorman.  To  widen  it  the  entire  length  1  foot? 

Mr.  Stevens.  One  hundred  feet,  making  it  250  feet  wide  instead 
of  150;  that  is,  widening  it  100  feet.     Have  I  made  that  clear? 

Senator  KrrrREDGE.  Yes ;  we  understand  your  position  about  it. 

Senator  Gorman.  Mr.  Stevens,  as  I  understand  you,  you  are  in 
favor  of  the  lock  canal  of  85  feet  elevation? 

Mr.  Stevens.  I  am  in  favor  of  that  as  between  the  two  reports; 
yes,  sir. 

Senator  Gorman.  I  thought  that  was  your  conclusion,  that  you 
preferred  that  to  any  other  elevation. 

Mr.  Stevens.  I  think  I  said  yesterday  that  I  differed  a  little  with 
the  minority  at  the  south  end  in  regard  to  the  dam  there — ^not  that  I 
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questioned  the  stability  of  the  dam,  but  that  for  military  and  sanitary 
purposes,  particularly  military  purposes.  If  the  canal  is  not  to  be 
made  neutral  I  would  prefer  putting  my  artificial  works  at  Miraflores 
and  Pedro  Miguel. 

Senator  Gtobman.  How  much  would  that  raise  the  elevation  of  the 
canal? 

Mr.  Stevens.  As  I  have  stated,  about  $6,000,000. 

Senator  Gtorman.  No  ;  I  mean  the  elevation. 

Mr.  Stevens.  Instead  of  the  high  summit  level  coming  clear 
through  here  I  would  stop  it  here  [indicating]  and  make  it  sea  level 
from  here  out,  instead  of  sek  level  to  here  [indicating]. 

Senator  Gorman.  That  would  still  leave  your  summit  level  at  85 
feet? 

Mr.  Stevens.  Yes,  sir;  the  reason  I  favor  that  is  because  of  the 
point  brought  out  yesterday — the  control  of  the  floods  of  the  Chagres. 

Senator  &)rman.  Yes.  That  is,  of  course,  more  a  military  propo- 
sition than  anything  else  ? 

Mr.  Stevens.  Military  and  sanitary ;  yes. 

Senator  Gorman.  Military  and  sanitary.  But  in  either  case, 
whether  it  was  done  at  that  line  or  at  the  point  proposed  by  the 
minority  of  the  Commission,  the  central  point  of  the  success  of  the 
whole  proposition  is  the  dam  at  Gatun,  as  I  understand  you? 

Mr.  Stevens.  Yes,  sir. 

Senator  Gorman.  And  you  are  perfectly  clear  in  your  own  mind 
that  that  can  be  controlled  with  an  earthen  dam  of  the  description 
which  you  have  given  ? 

Mr.  Stevens.  Yes,  sir;  I  am  satisfied  of  it. 

Senator  Gorman.  That  would  go  down  to  within  200  feet  of  rock? 

Mr.  Stevens.  Yes,  sir. 

Senator  Gorman.  Now,  will  you  not  explain  to  me — I  can  not  get 
that  very  clear  in  my  head  from  this  map — the  location  of  the  three 
locks  to  overcome  that  elevation  from  the  sea  level?     Is  this  east? 

Mr.  Stevens.  That  is  north. 

Senator  Gorman.  Where  are  the  three  locks  by  which  you  over- 
come the  difference  in  elevation  between  the  sea  level  and  the  surface 
of  the  water  here  ? 

Mr.  Stevens.  This  map  is  not  very  clear.  For  instance,  it  shows  a 
little  creek  running  in  there.  I  do  not  recall  any  such  creek.  Now, 
vou  see,  that  [indicating]  indicates,  in  engineering  or  surveying  par- 
lance, swamps.  The  map  shows  swamps  in  there.  As  a  matter  of 
fact,  there  is  nothing  of  the  kind  there.  There  is  simply  room  for 
the  railway  track  ana  a  row  of  small  houses,  not  over  100  feet.  This 
hill  commences  to  rise  very  fast  up  to  85,  90,  and  95  feet. 

Senator  Gorman.  Yes. 

Mr.  Stevens.  And  there  is  where  they  propose  to  put  the  locks — 
right  through  that  high  ground  there. 

Senator  Hopkins.  Is  that  for  the  sea-level  canal  ? 

Mr.  Stevens.  No,  sir;  for  the  lock  canal.  It  is  the  point  where 
that  gentleman's  house  is  situated — you  recollect  it  there,  close  to  the 
station.  His  house  is  right  on  top  of  the  high  hill,  about  there  [indi- 
cating]. 

Senator  Gorman.  Under  that  plan  the  foundation  of  your  lower 
lock  must  be,  of  course,  below  the  sea-level  part  of  your  canal? 

Mr.  Stevens.  Yes,  sir. 
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Senator  Gtorman.  What  sort  of  a  foundation  can  you  get  for  this 
immense  structure  ? 

ilr.  Stevens.  Clay. 

Senator  Gorman.  You  would  trust  that  lock  on  a  clay  foundation, 
would  you  ? 

Mr.  Stevens.  Yes,  sir. 

Senator  Gorman.  A  lock  100  feet  in  width  and  1,000  feet  in  length? 

Mr.  Stevens.  Nine  hundred  and  ninety-five  feet,  to  be  exact ;  yes, 
?ir. 

Senator  Gorman.  Yes.    Do  you  think  that  is  safe? 

Mr.  Stevens.  Why,  there  is  an  endless  amount  of  buildings  that 
weigh  a  great  deal  more  than  that  lock — twelve,  fifteen,  and  twenty 
i-tones  high — placed  on  similar  foundations. 

Senator  Gorman.  Is  that  so? 

Mr.  Stevens.  In  fact,  in  Chicago  the  foundations  are  very  much 
worse,  you  know. 

Senator  Gorman.  Now,  following  that  up 

Mr.  Stevens.  You  see,  the  lock  has  a  very  broad  base. 

Senator  Gorman.  Yes;  it  has  a  broad  base.  Is  it  to  be  made  of 
stone  or  concrete  ? 

Mr.  Stevens.  Concrete. 

Senator  Gor^ian.  How  does  that  compare  in  weight  with  stone  ? 

Mr.  Stevens.  They  are  about  the  same.  Both  of  thom  weigh 
about  170  pounds  to  the  cubic  foot. 

Senator  Gorman.  Would  you  build  on  piles  there? 

ilr.  Stevens.  Not  unless  something  developed  there  that  I  do  not 
know  of  now.     In  that  case  piles  would,  of  course,  be  used. 

Senator  Gorman.  That  first  lock  would  raise  you  35  feet,  or  what- 
ever it  is? 

Mr.  Stevens.  Yes,  sir.  I  am  not  certain,  Mr.  Senator,  without  go- 
ing to  the  records  and  without  going  to  the  borings,  but  what  that 
lock  will  be  constructed  in  indurated  clay — soft  rock.  ^ 

Senator  Gorman.  I  see.  The  next  lock  is  what  distance  south  of 
that? 

Mr.  Stevens.  They  come  right  together,  like  this  [indicating]. 

S^iator  Gorman.  But  you  have  to  have  a  space  between  them,  do 
you  not? 

Mr.  Stevens.  The  vessels  will  go  directly  from  one  lock  to  the 
other.    There  is  only  a  gate  between. 

Senator  Gorman.  But  in  the  case  of  a  ship  1,000  feet  in  length,  or 
600  feet  in  length,  you  have  to  have  a  basin  between  the  two  locks,  do 
you  not? 

Mr.  Stevens.  Oh,  no;  you  go  right  from  one  gate  to  the  other — 
from  one  lock  to  the  other. 

Senator  Gorman.  Is  that  the  fact  with  all  three  of  them  ? 

Mr.  Stevens.  Yes,  sir. 

Senator  Gorman.  Those  are  to  be  double  locks? 

Mr.  Stevens.  Yes,  sir. 

Senator  Gorman.  You  mean  by  that  side  by  side? 

ifr.  Stevens.  Yes,  sir;  and  these  locks  up  here — ^this  hill  is  prac- 
tically all  indurated  clay.  There  is  only  a  very  thin  sheet  of  any- 
thing else. 

Senator  German.  There  is  no  (juestion  about  the  foundation,  then? 

Mr.  Stevens.  I  should  not  think  there  was.  Senator;   no,  sir. 
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Senator  Hopkins.  You  think  the  foundation  is  better  than  the 
foundation  upon  which  those  immense  buildings  in  Chicago  are  con- 
structed? 

Mr.  Stevens.  Why,  I  know  it,  as  far  as  a  man  can  know  anything. 
You  know,  of  course,  what  the  Chicago  material  was. 

Senator  Gorman.  In  constructing  this  dam  I  understand  that  you 
have  to  cut  a  channel  around  here,  around  the  side  of  the  hill,  to 
prevent  the  Chagres  River  flowing  over  the  canal  construction,  do 
you  not? 

Mr.  Stevens.  Not  at  that  point. 

Senator  Gorman.  Do  you  construct  a  dam? 

Mr.  Stevens.  You  see  that  little  point  there,  do  you  not  ? 

Senator  Gtorman.  Yes. 

Mr.  Stevens.  There  is  a  large  hill  there,  and  it  is  proposed  to  put 
it  through  there. 

Senator  Gorman.  And  change  it  from  its  present  channel  ? 

Mr.  Stevens.  Well,  there  are  several  channels.  There  are  two 
channels  which  are  not  shown  there;  but  there  is  another  channel 
here,  which  is  what  is  called  the  west  diversion.  Then  there  is  a 
channel  here,  and  a  small  channel  through  here.  That  map,  you 
know,  is  very  general. 

Senator  Gorman.  I  see ;  so  that  you  change  the  whole  flow  of  the 
river  whoji  you  construct  this  dam  across  there? 

Mr.  Stevens.  Yes,  sir. 

Senator  Morgan.  I  would  like  to  point  out  to  you  this  stream  we 
were  talking  about  a  while  ago.  Here  is  the  little  stream  I  was 
speaking  oi  [indicating].    It  originates  here,  right  at -the  coast.  _ 

Mr.  Stevens.  That  stream  does  not  run  through  there.  There  is 
nothing  but  the  sluggish,  swampy  ground  here,  where  cattle  go  out 
and  feed  and  walk  up  to  their  knees  in  water.  This  is  a  wagon  road, 
which  runs  from  Panama  out  to  La  Boca.  I  go  over  it  almost  every 
day,  walking  or  riding,  for  exercise  in  the  morning,  and  my  recol- 
lection is  that  tfiere  is  not  even  a  culvert  that  big  there  [indicating]. 

Senator  Morgan.  There  is  no  stream  there,  then  ? 

Mr.  Stevens.  Why,  you  would  not  know  it  was  a  stream.  It  is 
a  marsh,  and  undoubtedly  the  drainage  from  it  goes  that  way  [indi- 
cating].   There  is  nothing  that  comes  through. 

Senator  Hopkins.  In  the  case  of  a  sea -level  canal  is  there  any 
dam  on  the  Gatun  side  of  the  canal  ? 

Mr.  Stevens.  No,  sir. 

Senator  Hopkins.  None  whatever? 

Mr.  Stevens.  There  are  some  levees  to  keep  the  side  water  from 
coming  in  at  different  points. 

Senator  Hopkins.  What  are  they?  Describe  them,  if  you  please. 
That  is  the  matter  that  I  have  not  clear  in  my  mind. 

Mr.  Stevens.  I  can  not  give  you  the  numbers  nor  the  location  of 
them.  That  is  a  very  big,  wide,  flat,  swampy  country  down  there, 
with  these  influent  streams  coming  at  different  points  into  the  main 
Chagres  River.  Certain  of  those  streams,  particularly  from  Bohio 
down  to  the  coast,  they  propose  to  take  through  new  channels.  Some 
are  new  and  some  are  old.    Some  the  French  laid  out,  which  they 

§roposed  to  enlarge  and  complete.    For  instance,  we  will  assume 
lat  that  stream  [mdicating]  comes  down  in  here  somewhere.    To 
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keep  it  out  of  the  canal  they  would  dig  a  channel  right  along  here, 
parallel  with  the  canal,  carry  it  off  across  tfie  country  here  5  or  6 
niiles,  and  run  all  of  those  streams  into  it.  The  banks  of  that  little 
diversion  canal,  as  we  will  call  it,  would  at  some  places  be  flat;  they 
would  be  low  banks,  and  in  time  of  high  water  the  water  would  tend 
to  come  out  over  as  it  comes  out  over  the  bank  of  ponds  in  floods. 

Now,  here  is  an  artificial  dike  alon^  here.  Li  other  words,  we 
raise  the  natural  bank  of  that  stream  to  keep  the  water  confined  to  the 
channel.  There  are  a  number  of  those  places,  and  when  they  sub- 
mit maps  (which  I  understand  we  should  have  in  two  or  three  days, 
possibly  before  the  end  of  the  week)  they  will  outline  all  of  those  on 
the  maps. 

Senator  Hopkins.  That  is  all  that  I  wanted  to  ask  you.  I  did 
not  have  that  matter  in  my  mind  as  clearly  as  I  wished. 

The  Chairman.  Mr.  Stevens,  I  think  we  are  through  with  you,  so 
far  as  I  know,  and  we  are  very  much  obliged  to  you. 

Senator  Morgan.  We  congratulate  you,  sir. 

Mr.  Stevens.  I  want  you  to  understand  my  position,  gentlemen.  I 
have  talked  here  a  great  deal,  and  I  am  not  a  very  good  talker,  but 

Senator  Kittredge.  I  am  not  so  sure  of  that. 

Mr.  Stevens.  If  I  had  been  directed  a  lon^  time  ago  to  study  up 
the  conditions  and  formulate  a  plan  absolutely  (as  perhaps  no  one 
man  ought  to  be) ,  I  would  have  been  very  much  more  sure  in  many 
of  the  statements  I  have  made.  But  the  statements  that  I  have  made 
as  absolute,  in  my  opinion,  I  am  ready  to  stand  for  as  far  as  my 
opinion  goes,  and  I  think  you  will  find  that  some  pretty  good  en- 
gineers are  of  the  same  opinion.  I  want  to  thank  you  for  your 
courtesy. 

The  Chairman.  We  thank  you. 

Senator  Gorman.  In  view  of  that  statement,  let  me  see  if  we  have 
your  exact  idea — or  if  I  have,  at  least.  It  is  that  with  the  knowled^ 
you  have  obtained  down  on  the  Isthmus,  from  your  examination,  if 
you  were  the  umpire  of  this  matter,  you  would  make  no  change  in  the 
recommendations  of  the  minority  board  except  as  to  the  lock  nearest 
Panama  ? 

Mr.  Stevens.  And  one  other  thing.  Senator,  which  I  think  I  have 
brought  out.  I  would  not  start  for  two  or  three  years  to  build  the 
breakwater  at  C!olon. 

Senator  Gorman.  Yes. 

Mr.  Stevens.  There  are  $5,000,000  in  that  estimate  that  might  pos- 
sibly be  saved.  I  would  dig  my  channel,  or  enough  of  it  to  enable 
me  to  make  an  experiment  through  two  or  three  stormy  seasons ;  and 
if  that  channel  remained  open,  or  reasonably  so,  so  that  at  moderate 
cost  it  could  be  kept  open,  I  certainly  would  not  throw  the  money 
into  a  breakwater. 

Senator  Gorman.  With  those  two  exceptions  you  reconunend  that 
project? 

Mr.  Stevens.  I  would  reconunend  that  project,  and  I  will  go  fur- 
ther and  say  this— a  man  can  not  say  any  more — ^that  if  I  nad  to 
build  that  canal  with  my  own  monev,  as  "between  the  two  plans  I 
should  take  the  high-level  plan,  even  if  I  expected  that  my  family  to 
come  after  me  for  generations  would  operate  it. 

Senator  Gorman.  That  is  very  clear. 
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The  Chatbman.  It  has  been  stated  here  within  the  last  few  months, 
Mr.  Stevens,  that  political  influences  have  existed  in  regard  to  the 
appointment  of  men  on  the  Isthmus — ^perhaps  before  you  came  to 
the  Isthmus,  Mr.  Stevens;  possibly  since.  Have  you  any  knowl- 
ed^  of  any  employees  amon^  ^rour  people  there  now  who  were  ap- 
pomted  there  through  any  political  influence? 

Mr.  Stevens.  I  have  not  I  can  only  speak  directly  for  my  own 
appointees,  of  course.  There  has  not  been  an  appointment  that  I 
biiow  of,  nor  a  man  on  my  pay  rolls,  that  has  either  been  placed 
vtheie  through  political  influence  or  has  retained  his  position  tlurough 
political  influence,  nor  has  there  been  any  attempt  on  anyone's  part 
to  retain  him  throu^  political  influence. 

The  Chairman.  1  notice  that  in  this  article  of  Mr.  Bigelow's, 
which  has  become  somewhat  celebrated,  he  speaks  of  certain  parties 
being  there  from  political  influence.  I  think  "  Senatorial  influence  " 
was  the  expression  he  used.    Do  you  know  anything  about  that? 

Mr.  Stevens.  Well,  I  denied  that  over  my  signature  very  strongly. 
I  could  not  put  it  any  more  strongly  in  the  English  language. 

The  Chairman.  And  you  know  nothing  of  anything  of  the  kind  ? 

Mr.  Stevens.  I  know  nothing  of  anytmng  of  the  kmd.  There  is 
not  the  slightest  thing  in  the  world  of  that  kind  that  I  know  of,  and 
1  would  know  it  if  there  was  anything  like  that. 

(Mr.  Stevens  was  thereupon  excused,  with  the  thanks  of  the  com- 
mittee ;  and  the  committee  adjourned  until  Friday,  January  26,  1906, 
at  10.30  o'clock  a.  m.) 
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8TATEMSHT  OF  WILLIAM  H.  BTJKK,  ESQ. 

Senator  Kittredge.  Mr.  Burr,  will  you  give  your  full  name  to  the 
stenographer? 

Mr.  Burr.  William  H.  Burr. 

Senator  Kittredge.  And  what  is  your  age? 

Mr.  Burr.  Fifty- four. 

Senator  Kittredge.  Where  do  you  live? 

Mr.  Burr.  In  the  cityof  New  i  ork. 

Senator  Kittredge.  What  is  your  profession  ? 

ilr.  Burr.  Civil  engineer. 

Senator  Kittredge.  What  is  your  record  from  boyhood  in  that 
profession  ?  State  it  to  the  committee  in  a  general  way,  please,  and 
with  what  great  enterprises  you  have  been  connected. 

Mr.  Burr.  I  graduated  from  the  old  civil  en^neering  school  at 
Troy,  N.  Y. ;  the  Rensselaer  Polytechnic  Institute,  in  1872,  and  I  have 
been  in  the  continuous  practice  of  my  profession  since  that  time. 
During  the  first  ten  years  of  my  practice  I  was  engaged  chiefly  in 
subordinate  positions,  as  a  young  man,  in  iron  bridge  building  and  in 
city  waterworks.  From  1884  to  1891  I  was  engaged  wholly  in  iron 
and  steel  bridge  construction  with  the  Phoenix  Bridge  Company,  with 
works  at  Phoenixville,  Pa.,  and  with  main  oflSces  at  Philadelphia  and 
New  York ;  but  since  1891 1  have  lived  and  carried  on  the  practice  of 
my  profession  wholly  in  the  city  of  New  York. 

I  should  have  stated  that  from  1875  to  1884  I  was  a  member  of  the 
faculty  of  the  institution  from  which  I  graduated,  in  addition  to 
carrying  on  the  active  practice  of  my  proxessional  work ;  and  it  was 
at  the  close  of  that  period  that  I  made  my  connection  with  the 
Phoenix  Bridge  Company. 

In  1892-93  I  was  professor  of  engineering  at  Harvard  University. 
From  1893  to  the  present  time  I  have  occupied  the  chair  of  qivil 
engineering  in  Columbia  University.  During  all  this  period,  how- 
ever. I  have  also  been  actively  engaged  in  the  practice  of  my  profes- 
J^ion,  and  continuously  from  1892  to  the  present  time  I  have  been  con- 
nected as  a  consulting  engineer,  frequently  in  charge  of  work,  with 
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the  department  of  public  works  of  New  York  City — the  department 
of  parks,  the  department  of  docks,  and  the  department  of  bridges. 
At  the  present  time  I  am  a  member  of  a  board  of  consulting  engi- 
neers for  the  board  of  water  supply  of  that  city,  which  is  a  board 
created  to  construct  an  additional  water  supplv^  for  the  city  of  New 
York. 

Senator  Kittredge.  Involving  the  expenditure  of  how  much 
money  ? 

Mr.  BuRE.  About  $150,000,000,  estimated  expenditure.  I  have 
also,  since  1892,  been  a  member  of  a  board  of  engineers  appointed  by 
President  Cleveland  to  consider  the  feasibility  of  bridging  the 
Hudson  River  at  New  York  in  one  span  of  about  3,200  feet.  I  was 
subsequently  appointed  also  by  President  Cleveland  member  of  a 
board  to  locate  and  design  a  deep-water  harbor  and  harbor  of  refuge 
on  the  coast  of  southern  California. 

I  was  a  member  of  the  Isthmian  Canal  Commission  of  1899  and 
1901,  having  been  appointed  by  President  McKinley. 

Senator  Morgan.  That  was  the  first  Walker  Commission,  was  it — 
the  Isthmian  Canal  Commission} 

Mr.  Burr.  Yes ;  it  was  not  the  first  Commission,  however. 

Senator  Morgan.  It  was  the  second  Walker  Commission  ? 

Mr.  Burr.  It  was  the  second  Commission  of  which  Admiral  Walker 
was  a  member. 

Senator  Morgan.  The  second  one? 

Mr.  Burr.  The  second  one;  yes.  I  was  also  a  member  of  the 
present  Isthmian  Canal  Commission  for  a  year,  until  the  reorganiza- 
tion of  that  Commission  nearly  a  year  ago. 

Senator  Morgan.  When  did  that  reorganization  take  place  ? 

Mr.  Burr.  The  members  of  the  old  Commission  resigned  on  the 
31st  day  of  March. 

Senator  Morgan.  And  did  you  resign  ? 

Mr.  Burr.  I  did. 

Senator  Morgan.  At  whose  request? 

Mr.  Burr.  At  the  request  of  the  Secretary  of  War.  It  had  been 
understood  for  a  month  or  more — perhaps  two  months — that  the 
members  of  that  Commission  would  present  their  resignations  at  any 
time  when  it  was  the  desire  of  the  Secretary  of  War  that  they  should 
be  presented. 

Senator  Kittredge.  While  a  member  of  the  Commission  you  have 
just  mentioned  what  were  your  duties? 

Mr.  Burr.  The  duties  were  of  a  general  character,  covering 

Senator  Kittredge.  I  refer  to  the  fact,  if  it  be  a  fact,  that  you  were 
on  the  committee  in  charge  of  the  engineering  features  of  the  canal? 

Mr.  Burr.  I  was  a  member  of  the  engineering  committee. 

Senator  Kittredge.  What  other  members  of  tne  Commission  were 
members  of  that  committee? 

Mr.  Burr.  Mr.  Parsons  and  Mr.  Grunsky,  as  I  remember.  I  think 
that  is  correct.     Is  it  not.  General  Davis? 

General  Davis.  And  the  governor  of  the  Canal  Zone  ex  officio. 

Mr.  Burr.  And  the  governor  of  the  Canal  Zone  when  that  com- 
mittee was  present  on  the  Isthmus. 

Senator  Morgan.  ^Vhat  committee  is  that? 

Senator  Kittredge.  It  was  a  committee  of  the  Commission. 

Senator  Morgan.  The  executive  committee? 
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Senator  Kittredge.  The  engineering  committee,  as  I  understand  it. 
Is  that  right  ?  ^ 

Mr.  BuBR.  Yes,  sir. 

Senator  Morgan.  The  engineering  conmiittee  of  the  Commission  f 

Mr.  BuBR.  Yes.  Perhaps  I  should  explain  that  the  Conmiission 
was  divided,  for  purposes  of  administration  and  performing  the 
work,  into  five  committees,  if  I  remember  right,  and  the  engineering 
conunittee  was  one.  Those  committees  were  expected,  in  rotation,  to 
be  upon  the  Isthmus,  so  that  practically  four  members  of  the  Com- 
mission would  be  almost  continuously  on  the  Isthmus,  the  governor  of 
the  Zone  being  a  member  of  each  committee  as  it  visited  the  Isthmus. 

Senator  Morgan.  Was  the  governor  of  the  Zone  a  member  of  the 
engineering  committee  ? 

Mr.  Burr.  When  that  committee  was  on  the  Isthmus  he  was  a 
member  of  that  conmiittee. 

Senator  Kittredge.  And  the  governor  at  that  time  was  General 
Davis? 

Mr.  Burr.  The  governor  at  that  time  was  General  Davis. 

Senator  Kittredge.  And  afterwards,  what  has  been  your  connec- 
tion with  the  Panama  Canal  enterprise? 

Mr.  Burr.  Since  the  reorganization  of  the  Commission  I  have  been 
a  member  of  the  Board  oi  Consulting  Engineers,  which  recently 
made  its  report. 

Senator  Kittredge.  You  were  one  of  the  members  of  the  board 
that  signed  a  report  in  favor  of  the  construction  of  a  sea-level  canal  ? 

Mr.  Burr.  I  was. 

Senator  Morgan.  You  are  not  now  a'  Commissioner  ? 

Mr.  Burr.  I  have  not  been  a  Commissioner,  Senator,  for  nearly  a 
year. 

Senator  IQttredge.  Are  you  familiar  with  the  report  that  a  mi- 
nority of  the  Consulting  Board  of  Engineers  made,  favoring  the 
construction  of  a  lock  canal  ? 

Mr.  Burr.  I  am. 

Senator  Kittredge.  Have  you  read  the  testimony  of  Mr.  Stevens, 
at  the  present  time  the  chief  engineer  of  the  canal? 

Mr.  Burr.  I  have  read  very  nearly  all  his  testimony.  Before 
to-morrow  I  shall  have  read  all  of  his  testimony. 

Senator  Kittiredge.  Now,  Mr.  Burr,  will  you  please  tell  us  the  rea- 
sons for  the  conclusion  you  reach,  and  the  objections  and  criticisms, 
if  any,  you  make  upon  the  report  made  by  the  minority  of  the  con- 
sulting engineers,  as  well  as  of  the  testimony  of  Mr.  Stevens?  You 
may  state  it  in  your  own  way,  if  you  please. 

Senator  Morgan.  First  state  which  report  you  agreed  to  sign. 

Senator  Kittredge.  He  has  stated  that,  Senator. 

Mr.  Burr.  I  signed  the  report  of  the  majority,  favoring  and 
recommending  the  construction  of  a  sea-level  canal. 

That  will  necessitate  my  covering  considerable  ground,  and  I  will 
be  glad  if  any  member  of  the  committee  will  interrupt  me  at  any 
time  and  ask  any  questions,  because,  as  the  matter  presents  itself  to 
my  mind,  it  may  not  be  illuminating  to  those  who  listen.    I  shall 

Senator  Morgan.  Before  you  proceed  to  state  that,  let  me  ask  this 
^[uestion:  You  concurred  in  the  report  as  it  was  presented  to  the 
President! 
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Mr.  BuRH.  The  report  of  the  majority. 

Senator  Morgan.  I  say.  the  report  that  vou  signed? 

Mr.  Burr.  I  did — oh,  yes;  I  concurred  niUy. 

Senator  Morgan.  Were  all  the  reasons  set  out  in  that  report  that 
you  think  are  material  to  support  it? 

Mr.  Burr.  Those  are  all  the  main  reasons. 

Seilator  Morgan.  I  suggest,  then,  that  inasmuch  as  that  report  is 
here  and  in  writing,  and  everybody  has  seen  it,  and  all  that,  Mr. 
Burr  should  address  his  attention  to  such  additional  matters  as  may 
be  useful,  in  his  opinion,  to  sustain  that  report ;  or,  if  he  has  changed 
his  mind,  such  additional  matter  as  may  account  for  that  chanse. 

Senator  Kittredge.  I  think,  Senator,  that  perhaps  it  nii^t  be 
better  to  have  him  state  in  his  own  way  the  reasons  for  his  con- 
clusion. 

Senator  Morgan.  That  was  what  I  was  trying  to  get  at — whether 
he  had  already  stated  them  in  his  own  way  in  signing  that  report. 

Mr.  Burr.  I  concur  entirety  in  that  report. 

Senator  Morgan.  Yes. 

Mr.  Burr.  Wholly  so ;  and  I  am  as  strongly  in  favor  of  a  sea-level 
canal  at  the  present  time  as  I  ever  have  teen.  The  more  I  reflect 
upon  it,  the  more  it  seems  to  me  that  that  plan  is  the  one  which  the 
United  States  Government  should  adopt. 

I  am  willing  to  proceed  in  any  way  the  committee  desires. 

Senator  Morgan.  It  is  a  mere  suggestion  of  mine.  I  do  not  sup- 
pose you  want  to  rehearse  all  of  the  matters  that  are  contained  in  the 
report  of  the  majority  which  you  signed.  I  did  not  suppose  you  did. 
They  are  all  here,  and  written  out  m  very  admirable  style,  veiy  ex- 
actly and  very  fully  and  completely,  I  suppose;  but  it  occurred  to 
me  that  after  allowing  Mr.  Burr  to  say,  as  he  has  done,  that  that 
report  represents  his  views  on  the  subject,  he  should  proceed  to  state 
any  other  reasons  that  he  may  choose  to  advance  for  the  support  of 
that  report. 

Senator  Kittredge.  I  think.  Senator,  that  he  should  be  permitted, 
at  least  for  a  time,  to  state  his  conclusions  in  his  own  way;  and  I 
ask  that  it  be  done,  unless  there  is  objection. 

Senator  Morgan.  I  will  repeat  that  I  assumed  that  he  did  state  it 
in  his  own  way  when  he  signed  that  report.  But  go  ahead;  I  will 
make  no  further  suggestion  about  it. 

Mr.  Burr.  My  conclusion  as  to  the  type  of  the  canal  which  should 
be  adopted  for  the  ship  waterway  across  the  Isthmus  has  been  based 
on  about  six  and  a  half  years  of  continuous  study  and  observation, 
largely  on  the  ground.  In  the  work  of  the  first  Isthmian  Canal 
Commission,  where  it  was  the  duty  of  that  Commission  to  determine 
the  most  practicable  and  feasible  route  for  a  ship  canal,  it  was  the 
unanimous  opinion  of  that  Commission  that  for  its  purposes  a  lock 
canal  should  be  recommended,  and  it  was  recommended.  That 
recommendation  was  largely  for  the  tentative  purpose  of  making  a 
comparison  between  the  Nicaragua  and  the  Panama  routes.  In  order 
to  make  a  proper  comparison,  a  comparison  which  might  be  con- 
sidered fair  and  reasonable,  it  was  necessary  to  make  it  upon  the 
basis  of  a  lock  plan  for  each,  because  it  would  not  be  practicable  or 
feasible  in  any  sense  of  the  word  to  construct  a  sea-level  canal  on 
the  Nicaragua  route. 


INVESTIGATION    OF    PANAMA    CANAL   MATTEB8,  109 

There  were,  however,  members  of  the  first  Isthmian  Canal  Com- 
mission, including  Mr.  Morison,  now  dead,  and  Dfiyself,  who  were 
somewhat  surprised  to  find,  by  such  approximate  estimates  as  we 
were  then  able  to  make,  that  the  sea-level  plan  came  so  near  being 
feasible.  It  was  a  subject  of  remark  between  Mr.  Morison  and 
myself  on  more  occasions  than  one.  But  with  the  information  then 
available  and  for  the  purposes  of  that  Commission,  a  lock  canal  only 
was  considered  feasible,  and  all  members  of  the  Commission  united 
in  that  expression,  myself  among  them. 

When,  however,  the  present  Commission  was  created,  further  in- 
vestigations were  made,  very  extensive  investigations,  which  it  was 
not  practicable  for  the  first  Commission  to  undertake  or  to  complete, 
in  the  progress  of  which  it  became  clear  to  my  mind  at  least  that  a 
sea-level  canal  was  entirely  feasible  and  practicable;  that  many  pf 
the  objections  which  had  been  supposed  to  exist,  insuperable  objec- 
tions, largely  or  entirely  disappeared. 

Senator  Morgan.  Objections  coming  from  whom? 

Mr.  BuBB.  Not  from  individuals,  out  objections  based  upon  the 
physical  conditions  and  the  feasibility  of  doing  the  work  required  in 
the  construction  of  the  sea-level  canal. 

Senator  Morgan.  They  were  objections,  then,  that  were  considered 
by  the  Commission  ? 

Mr.  Burr.  Objections  that  were  considered  by  the  Commission,  and 
which  had  been  frequently  mentioned  by  others. 

Senator  Morgan.  And  stated  in  their  report? 

ilr.  Burr.  Partially  stated  in  the  report,  and  stated  by  others  out- 
side of  the  Commission  who  had  discussed  the  general  problem.  For 
instance,  the  control  of  the  Chagres  in  case  of  a  sea-level  canal  was 
one  of  the  CTeat  objections :  and  there  were  others  of  that  nature. 

Senator  Morgan.  But  the  Commission  considered  objections  to  a 
sea-level  route  at  that  time  when  they  went  down  there  to  make  the 
investiration  ? 

Mr.  SuRR.  They  considered  objections  to  a  sea-level  route. 

Senator  Morgan.  That  was  when  you  were  investigating  the  com- 
parative merits  of  the  two  canals? 

Mr.  Burr.  Yes;  under  the  first  Isthmian  Canal  Commission. 

Senator  Morgan.  Under  the  first  Commission? 

Mr.  Burr.  Yes. 

Senator  Morgan.  Were  not  those  objections  stated  by  the  Commis- 
sion in  their  report  ? 

Mr.  Burr.  Not  all  of  them,  I  think ;  some  were — for  instance^  the 
period  of  time  which  it  was  supposed  it  would  take.  That  time,  how- 
ever, I  should  say,  in  justice  to  myself,  I  never  concurred  in.  The 
periods  of  construction  which  were  assigned  to  the  Panama  and  the 
Nicaragua  routes  were  decided  by  a  five-to-four  vote,  five  voting  that 
a  period  of  twelve  years  should  be  assigned  to  the  construction  of  the 
recommended  lock  plan  on  the  Panama  route  and  ten  years  for  the 
construction  of  a  lock  canal  on  the  Nicaragua  route.  I  opposed  that. 
I  never  believed  that  that  length  of  time  should  be  assigned  for  the 
construction  of  the  Panama  route,  and  I  have  never  changed  my 
judgment  on  that  point. 

Senator  Morgan.  You  thought  it  was  too  short? 

Mr.  Burr.  I  thought  it  was  too  long. 
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Senator  Moroan.  On  the  Panama  route? 

Mr.  Burr.  Yes.  I  thought  that  twelve  years  for  the  construction 
of  the  Panama  Canal  as  then  proposed  was  too  long;  that  it  could  be 
done  in  a  shorter  time. 

Senator  Morgan.  That  was  a  lock  canal  ? 

Mr.  Burr.  That  was  a  lock  canal. 

Senator  Morgan.  How  about  the  sea-level  canal  ? 

Mr.  Burr.  I  believed  that  the  time  mentioned  in  that  report — from 
fifteen  to  twenty  years,  if  I  recall  it  rightly — ^was  too  long. 

Senator  Morgan.  How  much  too  long? 

Mr.  Burr.  I  believed  so  at  that  time. 

Senator  Morgan.  How  much  too  long? 

Mr.  Burr.  I  was  not  at  that  time  able  to  state  how  much  too  long, 
because  our  investigations  were  not  sufficiently  extended  to  enable  a 
reasonable  estimate  of  time  to  be  made. 

Senator  Morgan.  But  you  all  went  far  enough  in  your  investiga- 
tions to  satisfy  yourselves  that  you  could  make  a  report  to  the  Presi- 
dent that  the  sea-level  canal  was  not  practicable  within  the  meaning 
of  the  act  of  Congress? 

Mr.  Burr.  At  that  time  and  for  the  purposes  of  that  Commission. 

Senator  Morgan.  Well,  practically  within  the  meaning  of  tfie  act  of 
Congress? 

IMfr.  Burr.  I  should  be  entirely  willing  to  subscribe  to  that  form 
of  answer.  Senator,  if  it  is  to  be  understood  that  the  meaning  of  tlie 
act  of  Congress  had  for  its  purpose  the  comparison  of  the  two  routes, 
but  not  as  an  absolute  verdict  as  to  the  two  types  of  canal. 

Senator  Morgan.  In  other  words,  you  did  not  consider  yourself  com- 
mitted by  signing  that  report — ^joining  in  it — to  the  proposition  that 
a  sea -level  canal  at  Panama  was  impracticable? 

Mr.  Burr.  Not  necessarily.  I  felt — and  I  am  sure  at  least  one 
other  member  of  the  Commission  also  felt — ^that  our  investigations 
were  not  sufficiently  extended ;  it  was  not  possible  at  that  time  to  ex- 
tend them  sufficiently  to  settle  that  question  finally. 

Senator  Kittredge.  Who  was  the  other  member  of  the  Commis- 
sion? 

Mr.  Burr.  I  refer  to  Mr.  Morison. 

Senator  Kittredge.  When  did  he  die  ? 

Mr.  Burr.  He  has  been  dead  about  a  year  and  a  half. 

Senator  Morgan.  Did  he  write  any  on  the  subject  before  he  went 
away? 

Mr.  Burr.  Oh,  yes ;  he  wrote  a  good  deal. 

Senator  Morgan.  On  the  practicability  of  a  sea-level  canal? 

Mr.  Burr.  No  ;  not  on  the  practicability  of  the  sea-level  canal,  but 
on  the  canal  question  in  general. 

Senator  Morgan.  Oh,  1  know  that;  I  have  those  writings;  but  I 
did  not  remember  that  he  had  ever  passed  his  judgment  in  writing 
upon  the  practicability  of  a  sea-level  canal. 

Mr.  Burr.  I  do  not  think  he  did,  sir. 

Senator  Morgan.  No;  I  think  not.  When  did  you  first  arrive  at 
the  conclusion  that  a  sea-level  canal  was  practicable  ? 

Mr.  Burr.  I  first  arrived  fully  at  that  conclusion  about  a  year 
ago — a  little  more  than  a  year  ago. 

Senator  Kittredge.  You  may  proceed  in  your  own  way,  Mr.  Burr. 

Mr.  Burr.  That  conclusion  was  reached  after  our  experimental 
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work  and  our  engineering  investigations  in  general,  as  carried  out 
by  the  Isthmian  Canal  Commission  as  then  constituted.  We  had 
made  many  surveys  and  investigations  during  the  preceding  months. 
We  had  operated  experimentally  a  number  oi  steam  shovels  and  old 
French  excavators  under  very  disadvantageous  and  uneconomical 
conditions,  which  showed  that  the  excavation  could  be  made  at  ma- 
terially less  cost  than  was. theretofore  anticipated,  and  that  a  greater 
rate  of  progress  could  be  made.  So  that  a  maturer  study  of  the 
greatly  extended  information  secured  convinced  me  that  a  sea-level 
canal  was  entirely  practicable  and  feasible. 

Senator  Morgan.  Before  that  time  had  you  been  convinced  of  that? 

Mr.  BuBR.  I  had  not  been  convinced  until  the  additional  informa- 
tion and  data  which  I  have  described  were  available. 

Senator  Simmons.  AVas  that  before  you  were  appointed  on  the 
Board  of  Consulting  Engineers? 

Mr.  Burr.  That  was  fefore;  yes. 

Senator  Morgan.  Is  the  sea-level  canal  that  jou  speak  of  and  have 
m  mind  of  the  Bunau-Varilla  tvpe — ^the  "  straits  "  through  there? 

Mr.  Burr.  Xo,  Senator.  I  thmk  that  is  an  ideal  ultimate  attain- 
ment, but  not  at  all  necessary  for  the  greatest  volume  of  traffic  that 
will  be  needed,  perhaps,  for  half  a  century  or  more,  and  not  within 
the  meaning  of  the  law  under  which  we  were  acting. 

Senator  Morgan.  We  could  accommodate  the  law  to  that  if  we  had 
the  money,  could  we  not  ? 

Mr.  Burr.  We  could,  I  suppose. 

Senator  Morgan.  And  if  we  wanted  to  take  the  risk.  The  plan, 
then,  which  you  had  in  your  mind,  and  to  which  you  gave  your  full 
adherence  a  year  ago,  or  about  that  time,  was  not  a  sea -level  canal ;  it 
was  a  canal  with  a  lock  ? 

Mr.  Burr.  That  is  a  sea-level  canal.  Senator. 

Senator  Morgan.  If  it  requires  a  lock  wherein  is  it  a  sea-level 
canal  ? 

Mr.  Burr.  Because  the  elevation  of  the  water  surface  in  the  canal 
would  be  at  mean  sea  level. 

Senator  Morgan.  But  there  would  still  be  an  elevation  of  the  water 
to  mean  sea  level  ? 

Mr.  Burr.  I  do  not  quite  understand  your  question,  sir. 

Senator  Morgan.  If  I  understood  you,  you  said  that  the  elevation 
of  the  water  in  the  canal  would  be  at  mean  sea  level. 

Mr.  Burr.  Yes ;  the  water  surface  in  a  sea-level  canal  would  be  at 
mean  sea  level. 

Senator  Morgan.  It  would  require  some  lifting,  would  it  not,  to 
get  it  up  from  tiie  actual  sea  level  to  the  mean  sea  level? 

Mr.  Burr.  It  would  in  some  stages  of  the  tide,  and  it  would  require 
dropping  down  at  others. 

Senator  Morgan.  Exactly;  20  feet  oscillation  between  the  points? 

Mr.  Burr.  It  would  be  10  feet  lift  at  extreme  high  tide,  or  10^,  and 
10|  feet  fall  at  extreme  low  tide. 

Senator  Morgan.  That  is  20  feet? 

Mr.  Burr.  Twenty-one. 

Senator  Morgan.  Twenty-one  feet  ? 

Mr.  Burr.  Yes. 

Senator  Morgan.  Then  it  would  require  a  lock  there,  and  lock 
gates,  to  get  the  water  into  the  canal  and  out  of  the  canal  ? 
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Mr.  Burr.  It  probably  would;  but  I  am  not  at  all  certain  that  it 
may  not  be  entirely  feasible  to  enter  and  leave  that  canal  without  a 
tidal  lock  at  the  Manama  end  of  the  canal.  But  even  if  it  should 
require  such  a  lock,  its  gates  would  be  wide  open  at  least  half  the 
time. 

Senator  Morgan.  Well,  "  half  the  time  "  is  a  loss  of  half  the  time, 
is  it  not?  If  the  gates  are  open  half  the  time,  it  is  a  loss  of  half  the 
time — the  other  half — ^is  it  not  ? 

Mr.  Burr.  During  the  other  half  of  the  time  the  lock  would  be 
used. 

Senator  Morgan.  It  would  have  to  be  used  ? 

Mr.  Burr.  Yes. 

Senator  Morgan.  So  the  loss  would  be  the  time  that  would  be  nec- 
essary in  getting  in  and  out  of  it  ? 

Mr.  Burr,  les;  but  it  would  be  a  sea-level  canal  even  with  that 
lock. 

Senator  Morgan.  It  does  not  strike  a  man  that  knows  nothing 
about  engineering  that  it  could  be  a  sea-level  canal  if  the  water  was 
compelled  to  be  lifted  10  feet  and  let  down  10  feet  in  order  to  get  an 
actual  level. 

Mr.  Burr.  At  extreme  tides. 

Senator  Morgan.  At  extreme  tides.  They  come  once  a  day,  at 
least,  do  they  not  ? 

Mr.  Burr.  No;  not  such  extreme  tides — oh,  no!  They  are  only 
the  extreme  spring  tides.    They  occur  every  lunar  month. 

Senator  Morgan.  In  the  intervals  between  the  spring  tides,  what 
is  the  average  rise  and  fall  of  the  tide  there? 

Mr.  Burr.  The  mean  range  of  tide,  I  think,  is  13  or  14  feet.  I 
think  the  mean  range  is  about  14  feet. 

Senator  Morgan.  Yes. 

Mr.  Burr.  The  range  at  neap  tides,  the  low  tides,  is,  if  I  recollect 
right,  about  7  or  8  feet  only. 

Senator  Morgan.  Yes. 
range  of  21  feet,  are  very  rare.    They  do  not  occur  even  every  lunar 
month,  but 

Senator  Morgan.  Both  at  a  neap  tide  and  at  a  spring  tide,  your 
view,  as  I  understand  it,  is  that  locks  and  gates — ^lock  gates — ^would 
be  necessary? 

Mr.  Burr.  At  spring  tides  they  would  probably  be  necessary ;  but 
I  say  that  it  is  hot  clear  in  my  mind  yet,  1  am  not  satisfied,  that  the 
entrance  of  the  canal  at  the  I^anama  end,  where  these  high  tides  are 
found,  can  not  be  so  devised  as  to  do  away  with  the  lock.  But  in  the 
absence  of  a  demonstration  we  must  assume  that  a  tidal  lock  would 
be  necessary,  and  we  have  so  assumed  it. 

Senator  Morgan.  Therefore  you  put  a  tidal  lock  into  your  esti- 
mate of  the  cost? 

Mr.  Burr.  Yes. 

Senator  Morgan.  No  matter  what  might  be  the  effect? 

Mr.  Burr.  Yes;  we  did. 

Senator  Morgan.  That  is  whajt  I  wanted  to  find  out. 

Senator  Kittredge.  Is  that ^11  for  the  present,  Senator? 

Senator  Morgan.  That  is  all  that  I  wish  to  ask  him. 

Senator  Kittredge.  Will  you  please  now  proceed,  Mr.  Burr? 
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Mr.  BuKR.  One  of  the  great  objections  to  a  sea-level  canal,  or  one  of 
the  greatest  alleged  objections  to  a  sea-level  canal,  heretofore,  has  been 
the  assumed  impracticabilitv  of  controlling  the  floods  of  the  Chagres 
River.  The  average  rainfall  on  the  Isthmus  is  about  130  inches — 125 
or  130  inches — on  uie  Caribbean  side. 

Senator  Morgan.  Per  annum? 

Mr.  Burr.  Per  annum;  and,  approximately  speaking,  about  half 
that  on  the  Pacific  side  of  the  Isthmus.  The  watershed  of  the 
Chagres  River  lies  on  the  Caribbean  side,  so  that  it  receives  this 
greater  rainfall.  Above  Bohio  the  watershed  of  the  Chagres  River 
has  been  variously  estimated  at  700  to  800  square  miles.  The  doubt 
as  to  the  exact  afea  arises  from  the  fact  that  no  complete  surveys  of 
that  watershed  have  ever  been  made. 

It  is,  therefore,  not  a  large  river.  It  is  a  small  river.  But  the 
downfalls  of  rain  are  sometimes  at  such  a  high  rate,  and  the  water- 
shed, the  higher  part  of  the  watershed  above  Gamboa  particularly, 
is  such  as  to  induce  a  verv  quick  run-off;  and  that  produces  rapid 
rises  or  quick  floods,  reacning  sometimes — it  is  supposed  70,000  to 
80,000  cubic  feet  per  second  at  Gamboa,  or  possibly  110,000  or  112,000 
cubic  feet  oer  second  at  Bohio. 

Senator  Morgan.  Please  give  the  measurements  in  feet. 

Mr.  Burr.  The  measurements  of  rise  in  the  river? 

Senator  Morgan.  Yes. 

Mr.  Burr.  I  do  not  recall  those  accurately,  Senator ;  but  the  highest 
flood,  I  think,  means  about  38  feet  rise  at  Bohio,  and  about  32  feet 
at  Gamboa.    Those  figures  are  not  far  out  of  the  way. 

Senator  Morgan.  Those  rises  are  sudden,  are  they  not  ? 

Mr.  Burr.  Those  rises  are  sudden. 

Senator  Morgan.  And  sometimes  follow  each  other  in  rapid  suc- 
cession, with  a  few  days'  interval  ? 

Mr.  Burr.  There  has  been  a  record  of  no  more  than  two  or  possibly 
three  (I  think  only  two)  successive  rises;  but  it  is  a  juncture  which 
must  be  provided  for. 

Senator  Morgan.  One  of  those  records  you  speak  of  ran  up  to 
45  or  47  feet,  did  it  not? 

Mr.  Burr.  I  think  not  as  high  as  that.  Senator.  I  think  that  there 
is  no  rise  higher  than  38  feet  at  Bohio,  although  I  am  speaking  from 
memory  and  may  be  mistaken  to  a  slight  extent. 

Senator  Morgan.  It  is  not  very  material  anyway,  I  think.  That 
is  to  be  taken  into  account,  as  I  understand  you,  in  determining  the 
question  of  the  control  of  the  waters  of  the  Chagres  River  ? 

Mr.  Burr.  It  has  been  found  feasible  to  control  those  floods  with 
absolute  certainty,  with  as  much  certainty  as  ever  attends  the  con- 
struction of  any  engineering  work. 

Senator  Morgan.  You  say  "  found  feasible  ?  " 

Mr.  Burr.  Yes. 

Senator  Morgan.  By  practical  experiment? 

Mr.  Burr.  No;  by  actual  surveys  and  computations,  the  usual 
methods. 

Senator  Morgan.  After  all,  that  is  in  a  sense  conjectural,  is  it  not? 

Mr.  Burr.  Oh,  I  think  not,  Senator.  Enough  works  have  already 
been  constructed  of  precisely  the  same  character  as  those  which 
would  be  required  for  that  purpose  to,  I  think,  demonstrate  with 
certainty  that  they  may  be  made  there. 
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Senator  Morgan.  But  have  they  been  in  precisely  such  a  country 
with  respect  to  the  rainfall,  or  with  respect  to  the  precipitation — 1 
mean  the  sharpness  of  the  elevation. 

Mr.  Burr.  We  have  much  greater  rises  in  this  country,  Senator, 
than  the  rises  in  the  Chagres  Kiver. 

Senator  Morgan.  In  this  country  ? 

Mr.  Burr.  Yes. 

Senator  Morgan.  Have  we  any  greater  rainfall  than  comes  there 
within  a  few  weeks  or  a  few  days? 

Mr.  Burr.  No;  we  probably  have  not  as  heavy  rainfall,  but  we 
have  rivers  with  much  greater  watersheds,  so  that  the  range  between 
high  and  low  water  is  almost  double  that  of  the  Chftgres. 

Senator  Morgan.  But  the  time  of  rising  and  falling  is  longer? 

Mr.  Burr.  It  is  longer ;  yes. 

Senator  Morgan.  Tnat  has  to  be  accounted  for,  has  it  not? 

Mr.  Burr.  Not  in  the  controlling  works.  That  is,  the  rapidity  of 
rise  does  not  affect  the  difficulties  of  construction  of  the  controUing 
works.  We  do  not  care  how  rapidly  it  rises,  so  far  as  they  are  con- 
cerned— that  is,  so  far  as  their  safety  and  their  construction  are  con- 
cerned.    It  is  only  the  maximum  height  which  has  to  be  provided  for. 

Senator  Simmons.  Mr.  Burr,  have  you  stated  yet  what  length  of 
time  it  took  generallv  for  these  high  rises? 

Mr.  Burr.  No  ;  I  have  not  stated ;  but  you  may  get  on  the  Isthmus 
one  of  the  highest  of  the  freshets  within  about  thirty-six  hours — 
from  thirty-six  to  forty-eight.  Usually  it  is  a  little  longer  than  that 
from  the  beginning  of  the  flood,  but  you  may  say  that  the  maximum 
flood  may  be  attained  in  from  thirty-six  to  forty-eight  hours.  But 
they  are  also  of  short  duration,  as  might  be  expected  in  such  a  quick 
stream. 

Senator  Morgan.  Mr.  Burr,  in  your  conclusion  as  to  the  controlla- 
bility of  the  waters  of  the  Chagres,  where  would  you  put  your  con- 
troUmg  works? 

Mr.  Burr.  I  should  put  the  controlling  works  at  Gamboa.  A  dam 
would  be  built  across  the  Chagres  River  at  that  point  of  sufficient 
height  to  raise  the  surface  water  in  the  lake  to  about  175  feet  above 
sea  level,  or  about  125  feet  above  the  bed  of  the  river  at  that  point. 

Senator  Morgan.  The  fall  being  50  feet  from  there  to  sea  level  ? 

Mr.  Burr.  About  50  feet.  The  bed  rock  is  found  there  at  about 
sea  level — that  is,  about  60  feet  below  the  bed  of  the  river,  which  is 
within  easy  reach  of  construction.  It  is  an  admirable  place  for  a 
dam,  and  it  is  a  wonder  that  the  French  company  was  so  easily  dis- 
couraged from  building  at  that  point. 

Senator  Morgan.  What  is  the  character  of  the  rock,  if  you  please  ? 

Mr.  Burr.  The  rock,  like  all  the  rock  in  that  country,  is  of  vol- 
canic origin. 

Senator  Morgan.  Basalt? 

Mr.  Burr.  I  do  not  think  that  at  that  point  there  is  any  basalt, 
although  there  is  some  not  far  from  that.  The  hard  rock  at  Gamboa 
is  a  peculiar  rock,  different  from  anything  that  we  have  here,  and  I 
do  not  know  that  I  am  enough  of  a  geologist  to  describe  it  properly ; 
but  it  is  a  hard,  gritty  rock. 

Senator  Morgan.  Tfough  ? 
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ilr.  Burr.  Tough ;  most  of  it  is.  It  has,  of  course,  some  soft  por- 
tions. 

Senator  Morgan.  With  dikes  coming  up  through  it  ? 

Mr.  Burr.  No  ;  not  at  that  point. 

Senator  Morgan.  There  are  no  dikes  in  the  foundation  rock  at 
Gamboa  ? 

Mr.  Burr.  No  dikes ;  but  it  would  undoubtedly  be  found  of  irreg- 
ular quality,  like  all  the  rock  in  that  vicinity. 

Senator  Morgan.  I  understand. 

Mr.  Burr.  The  basalt  dikes,  strictly  speaking,  are  about  nine  miles 
from  there,  near  Pedro  Miguel.    There  is  columnar  basalt  there. 

Senator  Morgan.  You  say  you  would  put  your  controlling  works 
at  Gamboa ;  how^  would  you  take  care  of  the  waters  that  come  in 
through  the  affluents  of  the  Chagres  River  below  Gamboa,  between 
that  point  and  Port  Limon  ? 

Mr.  Burr.  Those  are  all  comparatively  small,  with  the  exception  of 
the  Gratun  River,  which  now  empties  into  the  Chagres  River  at  the 
little  native  village  of  Gatun.  The  discharge  of  that  river  would  be 
carried  to  a  part  of  the  bay  back  of  Colon  called  Puerto  Escondido. 

Senator  Morgan.  You  mean  to  the  east  of  Colon  ? 

Mr.  Burr.  To  the  east  of  Colon.  That  channel  is  largely  con- 
structed at  the  present  time.  It  was  partially  completed  by  the  old 
French  Company.  By  that  means  the  waters  of  the  Gatun  River,  or 
Gatuncillo,  as  it  is  sometimes  called,  would  be  taken  to  the  ocean 
without  going  into  the  canal  at  all.  They  would  be  kept  out  of  it 
entirely. 

Senator  Morgan.  How  about  the  other  streams?  I  do  not  care 
about  goib^  into  the  particulars  about  it;  I  simply  want  to  know 
how  you  take  care  of  all  of  those  streams. 

Senator  Kjttredge.  Senator,  would  you  just  as  soon  permit  Mr. 
Burr  to  point  to  the  map  ? 

Senator  Morgan.  Oh,  I  have  no  objection ;  of  course  not. 

Mr.  Burr.  This  partially  completed  channel  is  shown  as  running 
from  Gatun,  entirely  easterly  of  the  canal  line,  over  into  Puerto  Es- 
condido, which  is  at  this  point  [indicating].  Colon  being. here;  so 
that  the  waters  of  the  Gatun  River  will  be  carried  to  the  sea  without 
going  into  the  canal  at  all.    They  will  be  entirely  kept  out. 

Senator  Morgan.  That  would  be  done,  I  suppose,  by  constructing 
a  dam  near  the  canal  ? 

Mr.  Burr.  There  would  be  necessary  a  couple  of  small  dams  near 
Gatun  so  as  to  make  a  continuous  channel  for  the  river  without  run- 
ning into  the  Chagres,  as  it  does  now. 

Senator  Morgan.  You  would  not  turn  the  current  of  the  Gatun 
River  back  upon  itself,  but  you  would  divert  it  to  this  point  you 
speak  of? 

Mr.  Burr.  I  would  divert  it  to  the  ocean  in  that  way. 

Senator  Morgan.  Yes;  divert  it  by  means  of  a  dam. 

Mr.  Burr.  There  are  two  or  three  of  the  small  streams  (what  you 
may  call  the  larger  of  the  smaller  streams,  because  they  are  all  small) 
which  run  into  the  Chagres  from  the  west,  that  is,  from  the  left- 
hand  side  of  the  canal  as  we  look  at  it  from  here — which  would  be 
turned  back  upon  themselves,  so  to  speak,  by  relatively  small  dams, 
so  as  to  be  turned  back  into  other  watersheds,  and  so  carried  down 
to  the  ocean  also  without  going  into  the  canal  at  all. 
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Senator  Morgan.  They  would  pass  over  the  crest  of  their  water- 
sheds into  the  sea  on  the  other  side  ? 

Mr.  Burr.  Yes ;  they  would  not  run  directly  into  the  sea,  but  into 
streams  which  run  into  the  sea. 

Senator  Morgan.  I  understand. 

Mr.  Burr.  The  still  smaller  streams — and  there  are  quite  a  number 
of  them,  but  all  very  small — would  be  taken  directly  into  the  volume 
of  the  canal  in  the  ordinary  wav,  quite  an  ordinary  procedure  in 
canal  construction;  but  instead  of  pouring  directly  into  the  prism  of 
the  canal  they  would  first  pass  throdgh  a  basin  built  on  one  side  of  the 
canal  prism,  so  that  any  sediment  which  they  might  bring  down  in 
floods  would  be  held  there  and  the  water  would  flow  over  a  weir  into 
the  canal.  In  that  way  no  sediment  whatever  from  the  Chagres 
River  or  from  any  of  its  contributary  streams  would  be  brouffht  into 
the  canal.  It  would  be  entirely  kept  out,  and  it  would  also  oe  kept 
out  of  the  canal  on  the  Pacific  side  from  the  small  streams — ^because 
there  are  only  small  streams  on  that  side — in  a  precisely  similar  way. 

Senator  Morgan.  So  that  the  water  would  find  its  way  into  the 
canal,  but  the  sediment  would  be  left  behind  in  these  basins? 

Mr.  Burr.  The  sediment  would  be  left  behind  in  these  basins. 

Senator  Morgan.  It  would  come  in  as  clear  water? 

Mr.  Burr.  It  w^ould  come  in  as  practically  clear  water. 

Senator  Morgan.  But  it  would  all  go  into  the  canal? 

Mr.  Burr.  It  would  all  go  into  the  canal.  The  great  Gamboa  Lake 
would,  of  course,  contain  all  the  sediment  of  the  Chagres  above  the 
Gamboa  dam. 

Senator  Morgan.  That  would  be  a  good  deal,  would  it  not? 

Mr.  Burr.  I  think  it  would  be  a  good  deal.  There  is*s6me  doubt 
about  the  measurements  that  were  made  by  the  first  Isthmian  Canal 
C!ommission,  of  which  I  was  a  member,  as  to  the  amount  of  sediment 
which  comes  down  the  river  past  Alhajuela;  but  there  would  be  con- 
siderable sediment. 

Senator  Morgan.  How  would  you  dispose  of  that  to  prevent  it  fill- 
ing up  the  basin  ? 

Mr.  Burr.  It  would  take  a  very  long  period  of  years  to  fill  up 
that  great  lake. 

Senator  Morgan.  Well,  we  expect  to  live  a  long  time,  you  know — 
that  is,  this  Government  does. 

Mr.  Burr.  Well,  I  suppose  that  after  a  century  or  a  hundred  and 
fifty  or  two  hundred  years  some  measures  would  perhaps  have  to  be 
taken. 

Mr.  Burr.  Dredging  would  relieve  it.  It  wpuld  be  very  easy  to 
pump  it  out  onto  the  land,  or  even  over  a  low  divide,  by  hydraulic 
methods,  such  as  are  used  at  the.  present  time,  for  a  few  cents  a  yard. 

Senator  Morgan.  Do  vou  take  that  into  your  computation  of  the 
cost  of  the  sea-level  canal  ? 

Mr.  Burr.  Xo  ;  that  is  too  far  in  the  future.  Senator. 

Senator  Morgan.  Too  remote  ? 

Mr.  Burr.  Too  remote. 

Senator  Morgan.  Do  you  take  in  your  computation  the  amount  of 
water  that  you  have  to  deal  with,  I'will  say,  that  comes  from  these 
affluents  of  the  Chagres  River  below  Gamboa  into  the  channel  of  the 
canal? 
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Mr.  Burr.  We  do.  We  take  into  account  all  the  water  that  would 
be  brought  into  the  prism  of  the  canal. 

Senator  Morgan.  As  it  all  comes  in,  is  it  your  opinion  that  in  the 
hi^est  flood  waters  that  occur  on  the  eastern  or  northern  side  of  that 
Caribbean  range  of  mountains  there  might  not  be  a  disturbance  in 
the  navigation  of  the  canal  ? 

Mr.  Burr.  No,  sir;  there  is  not  enough  to  make  any  disturbance  in 
the  canal. 

Senator  Morgan.  Not  enough  to  make  any  currents? 

Mr.  Burr.  Not  currents  9iat  would  disturb  navigation  at  all. 
There  might  be  maximum  currents  of  perhaps  a  mile  and  a  half  to  a 
mile  and  three-quarters,  possibly  two  miles  an  hour,  at  most,  on  sonje 
rare  occasion.  1  should  have  stated,  in  speaking  of  these  great  floods, 
that  they  come  rarely.  There  have  been  only  five  in  ab^ut  the  last 
fifty  years. 

Senator  Morgan.  A  great  steamer  navigating  that  canal  from  the 
Bay  of  Liimon,  we  wiD  say,  going  south,  or  wherever  it  is — it  is 
south — and  encountering  such  floods  as  this  in  that  part  of  the  canal 
below  Gamboa,  would  have  to  make  some  provision  for  resisting  them, 
would  it  not? 

Mr.  Burr.  No,  sir ;  it  would  steam  right  through  without  any  dis- 
turbance whatever. 

Senator  Morgan.  You  think  a  current  of  a  mile  and  a  half  an  hour 
in  the  canal  would  not  affect  its  navigation  ? 

Mr.  Burr.  Not  at  all,  nor  considerably  more  than  that.  A  current 
of  2  miles  an  hour  would  not  disturb  it. 

Senator  Morgan.  It  would  not  disturb  the  navigation?  It  would 
be  as  safe  in  a  mile-and-a-half  current  as  it  would  m  dead  water? 

Mr.  Burr.  Practically  so.  It  has  been  found  so  in  other  canals. 
The  Suez  Caual  sometimes  has  materially  greater  currents  than  that, 
and  they  have  not  been  found  to  give  any  material  inconvenience  to 
navigation ;  and  I  think  fully  as  great  currents  as  that  are  found  in 
the  Manchester  Canal.  You*^  know  those  are  not  matters  of  specula- 
tion or  of  opinion.  They  are  simply  matters  of  observation  of  such 
canals  as  the  Suez  and  the  Manchester. 

Senator  Morgan.  How  would  it  be  on  the  southern  side  of  the  canal 
when  you  were  navigating  a  steamship  800  feet  long  and  with  a  dis- 
placement of  15.000  tons  or  20,000  tons,  going  toward  Panama,  if, 
in  addition  to  the  water  coming  from  a  flood  in  the  Chagres,  there 
should  be  also  a  spring  tide  meeting  you,  going  out  toward  Panama? 
Would  not  that  create  a  current? 

Mr.  Burr.  That  raises  the  question  of  the  necessity  or  not  of  the 
locks  in  the  extreme  spring  tides.  Of  course  if  the  tidal  lock  were 
present,  the  influence  of  the  extreme  tides  would  be  kept  out  of  the 
canal. 

Senator  Morgan.  At  sea  level  there  would  be  practically  solid  rock 
on  both  sides  of  this  canal  for  a  distance  of  10  or  12  miles,  would 
there  not? 

Mr.  Burr.  Do  you  mean  through  the  summit  divide? 

Senator  Morgan.  Between  Emperador  and  Culebra  Heights. 

Mr.  Burr.  Yes;  there  would  be  solid  rock  on  both  sides. 

Senator  Morgan.  Solid  rock  on  both  sides? 

Mr.  Burr.  Yes. 
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Senator  Morgan.  And  some  curvatures  to  pass? 

Mr.  BuRH.  Yes;  some  curvature;  very  easy  curvature. 

Senator  Morgan.  Emphasis  seems  to  be  laid  by  some  of  the  en^- 
neers  upon  the  proposition  that  navigation  through  that  part  of  the 
canal  would  be  perilous,  or  would  require  very  great  caution,  even 
under  normal  conditions  of  water  supply ;  and  that  opinion  seems  to 
be  intensified  in  respect  to  the  situation  that  would  be  created  by  the 
incoming  of  waters  from  the  Pacific  or  the  outgoing  of  waters  from 
the  Pacific  in  combination  with  a  flood  in  the  Chagres. 

Mr.  Burr.  The  waters  from  the  Chagres  floods  would  only  be  per- 
mitted to  enter  the  canal  by  the  controlling  works  at  such  a  rate  as 
would  not  make  a  current  of  over  a  mile  and  a  quarter  an  hour  at 
most. 

Senator  Morgan.  But  that  current  might  go  either  way. 

Mr.  Burr.  If  the  current  goes  both  ways,  if  it  were  equally  divided 
and  should  go  both  ways,  it  would  be  only  half  that. 

Senator  Morgan.  Yes. 

Mr.  Burr.  So  that  even  if  it  all  goes  one  way,  even  if  it  went 
toward  the  Pacific,  which  is  scarcely  conceivable,  there  would  be 
no  current — experience  shows  that — which  would  be  materially  in- 
convenient to  navigation. 

Senator  Morgan.  You  say  experience  shows  it.  I  suppose  you 
have  some  model  or  plan  which  looks  exactly  like  this  ? 

Mr.  Burr.  No;  we  have  more  conclusive  evidence  than  would  be 
shown  by  a  model.  We  have  the  evidence  of  the  navigation  of  the 
Suez  Canal,  where  the  curvature  is  not  so  very  different  from  that 
which  would  exist  in  the  sea-level  canal,  and  with  a  much  narrower 
prism. 

Senator  Morgan.  It  has  not  any  rock  walls  on  the  sides  of  it,  has  it? 

Mr.  Burr.  It  makes  no  difference  what  the  character  of  the  banks 
are,  if  you  have  a  sufficient  cross  section  of  water.  The  width  of 
this  canal  between  the  solid  rock  banks  would  be  200  feet,  and  the 
actual  width  of  the  Suez  Canal  at  the  present  time,  even  on  the 
curves,  is  only  131  feet,  and  the  width  at  the  turning-out  places,  the 
passing  places,  is  only  147^  feet.  So  that  the  width  of  the  sea-level 
prism  proposed  is  wider  throughout  the  whole  length  of  this  pro- 
posed canal  than  even  the  passing  places  on  the  Suez  Canal  at  the 
present  time. 

Senator  Morgan.  Does  your  plan  or  your  idea  of  a  sea-level  canal 
include  turning-out  places  ? 

Mr.  Burr.  The  whole  canal  is  a  turning-out  place. 

Senator  Morgan.  Not  for  two  big  ships? 

Mr.  Burr.  Two  big  ships  could  pass  each  other  anywhere ;  but  if 
it  is  desired  to  have  more  free  passing  places,  turn-outs  can  be  con- 
structed anywhere  at  very  small  cost.  But,  as  a  matter  of  fact,  with 
the  actual  experience  of  the  Suez  Canal  before  us,  the  whole  canal  is 
really  a  passing  place,  and  all  ordinary  ships  would  pass  each  other 
anywhere. 

Senator  Morgan.  But  what  about  extraordinary  ones? 

Mr.  Burr.  Extraordinary  ships  could  pass  anywhere  in  this  200- 
foot  section,  even  the  largest  ships.  It  would  only  be  in  the  Carib- 
bean and  Pacific  ends  where  it  would  be  necessary  to  provide  even 
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a  little  additional  width  for  passing  places  for  the  greatest  ships 
that  are  now  projected. 

Senator  Morgan.  Creating  turn-outs,  if  they  became  necessary,  in 
this  great  wall  of  rock  cut  of  10  or  12  miles — I  do  not  know  exactly 
the  (ustance;  nobody  knows  how  long  it  would  be — would  be  expen- 
sive ;  would  it  not  ?    * 

Mr.  Burr.  Pardon  me,  Senator — in  that  portion  where  we  have 
rock  walls  there  would  be  no  turn-outs,  because  the  width  there  is 
200  feet,  and  that  would  pass  any  ships  which  are  now  projected — 
not  actually  afloat,  but  which  are  projected. 

Senator  Morgan.  Would  it  not  oe  extremely  unsafe  for  two  great 
steamers  to  undertake  to  pass  each  other  in  a  channel  not  wider  than 
200  feet? 

Mr.  Burr.  They  would  not  attempt  to  pass  each  other  at  speed. 
One  would  tie  up. 

Senator  Morgan.  Ah !  Now  we  have  it.  Then  it  is  necessary  to 
tie  up  one  ship  until  the  other  passes  ? 

Mr.  Burr.  Yes. 

Senator  Morgan.  That  is  in  your  plan? 

Mr.  Burr.  Yes;  precisely  as  is  done  in  the  Suez  Canal  at  the 
present  time. 

Senator  Morgan.  That  is  at  the  expense  of  considerable  loss  of 
time,  is  it  not  ? 

Mr.  Burr.  Not  much ;  very  little — very  little.  In  fact,  it  does  not 
^=eem  to  me  that  the  actual  difference  in  time  of  passing  a  canal  of 
either  type  on  the  Isthmus  is  anything  of  material  conseouence  one 
way  or  the  other.  I  believe  that  the  sea-level  canal  would  pass  any 
ship  c[uicker  than  a  lock  canal ;  but  I  do  not  think  the  difference  in 
time  is  of  much  importance. 

Senator  Morgan.  Does  you  plan  imply  that  the  vessels  will  pass 
through  the  canal  with  their  own  steam  and  their  own  proi)ellers, 
without  the  assistance  of  tugs? 

Mr.  Burr.  Yes;  they  do  that  in  the  Suez  Canal,  which  has  a 
materially  smaller  prism. 

Senator  Morgan.  It  is  not  an  uncommon  thing  for  vessels  to  get 
ashore  in  the  Suez  Canal,  is  it  ? 

Mr.  Burr.  Yes;  it  is  an  uncommon  thing,  but  they  do  it  at  times. 

Senator  Morgan.  Yes ;  they  do  it. 

Senator  Simmons.  Mr.  Burr,  what  would  be  the  difference  between 
the  summit  level  of  the  Gamboa  Lake  and  the  sea-level  canal  ? 

Mr.  Burr.  The  sea-level  canal  would  be  at  sea  level,  and  the  high- 
est surface  of  water  in  the  Gamboa  Lake  would  be  about  170  feet 
above  it. 

Senator  Simmons.  Above  it? 

Mr.  Burr.  Yes. 

Senator  Sim3Ion8.  How  would  you  get  that  escape  water  into  the 
canal? 

Mr.  Burr.  That  comes  through  regular  controlling  sluices  in  the 
dam,  and  then  is  carried  down  in  a  specially  constructed  masonry 
conduit  with  steps  and  other  forms  which  are  commonlv  used  by 
engineers  in  such  cases,  so  that  when  it  reaches  the  level  of  the  water 
in  the  canal — ^not  in  the  canal,  but  in  the  basin  on  one  side  of  it — its 
velocity  is  practically  destroyed;  so  that  it  flows  over  a  long  weir 
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from  that  basin  quietly  into  the  canal.  There  is  no  cascade  into  the 
canal. 

Senator  Simmons.  Where  it  enters  the  sea-level  canal,  the  summit 
would  be  about  how  much  above  the  level  of  the  sea-level  canal  ? 

Mr.  BuBB.  Practically  the  same  thing;  just  enough  to  make  it  flow 
over  a  weir. 

Senator  Simmons.  How  far  would  the  dam  of  that  lake  be  located 
from  the  prism  of  the  canal  ? 

Mr.  BuKB.  It  is  about  a  half  a  mile;  about  that.  I  have  forgotten 
the  exact  distance,  but  it  is  practically  half  a  mile. 

Senator  Simmons.  By  nadual  steps  you  would  let  the  water  down 
that  distance  of  half  a  mne  to  the  level  of  the  canal? 

Mr.  Burr.  Yes;  it  would  come  down  with  its  current  baffled,  as 
we  say,  by  these  various  constructions,  so  that  when  it  enters  the  canal 
it  is  a  quiet  sheet  of  water  flowing  over  a  weir. 

Senator  Morgan.  You  put  the  sluices  in  the  dam,  do  you ! 

Mr.  Burr.  In  the  dam. 

Senator  Morgan.  On  the  same  principle  as  the  dam  at  Assouan  ? 

Mr.  Burr.  Very  much  the  same. 

Senator  Morgan.  There  are  doors  that  can  be  lifted  ? 

Mr.  Burr.  Yes. 

Senator  Morgan.  Do  you  consider  that  a  safe  method  of  handling 
the  water  ? 

Mr.  Burr.  It  has  been  found  so  by  prolonged  experience.  That 
is  not  a  matter  of  conjecture.  There  are  many  such  controlling 
methods  constantly  in  use,  and  have  been  for  years. 

Senator  Morgan.  There  is  no  danger  of  obstruction  from  floating 
timbers,  or  anything  of  the  kind  ? 

Mr.  Burr.  Oh,  there  may  be  occasionallv  a  small  obstacle  in  work- 
ing a  gate,  just  as  all  devices  are  occasionally  open  to  a  little  derange- 
ment; but  nothing  to  give  any  material  trouble. 

Senator  Morgan.  Triese  sluice  gates  would  pass  directly  through 
the  cross  section  of  the  dam,  would  thev? 

Mr.  Burr.  In  this  case  they  would  be  put  at  the  westerly  end  of 
the  dam — about  at  the  end  oi  my  pencil.  The  dam  itself  would  be 
right  across  the  Chagres  River. 

Senator  Simmons.  Mr.  Burr,  I  understood  you  to  say  that  you 
would  go  about  50  feet  below  the  present  land  surface  to  get  the 
foundation  for  that  dam  ? 

Mr.  Burr.  To  bed  rock. 

Senator  Simmons.  Yes;  to  bed  rock.  Now,  how  high  did  you  say 
that  dam  would  be,  starting  at  this  foundation? 

Mr.  Burr.  It  would  be  a  little  under  200  feet  in  total  height  from 
its  top  to  the  bed  rock.  The  surface  of  water  in  the  lake  would  be 
about  170  feet  above  bed  rock. 

Senator  Simmons.  What  would  be  the  length  of  that  dam? 

Mr.BuRR.  The  length  of  the  dam  is  about  2,200  feet,  if  I  remember 
right.  . 

Senator  Simmons.  And  what  is  its  width  at  its  base  and  at  its 
summit? 

Mr.  Burr.  The  width  at  the  base  and  at  the  summit  would  depend 
upon  whether  it  is  built  as  a  masonry  dam,  or  whether  as  an  earth 
dam  with  a  masonry  core. 
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Senator  Simmons.  Which  do  you  recommend  ? 

Mr.  Burr.  I  would  favor  an  earth  dam  with  a  masonry  core;  but 
a  concrete  dam,  all  masonry,  would  be,  perhaps,  equally  good.  I 
say  that  I  would  favor  an  earth  dam  with  a  masonry  core  simply 
because  a  large  amount  of  the  waste  of  the  Culebra  cut  could^  be 
deposited  there  very  conveniently;  but  the  estimate  of  the  major- 
ity of  the  board  covers  the  cost  of  that  dam  abundantly,  whether  it  be 
made  of  concrete  or  of  earth  with  a  masonry  core. 

Senator  Morgan.  Do  you  remember  that  estimate,  in  round  num- 
bers? 

Mr.  Burr.  I  think  about  $6,000,000. 

Senator  Simmons.  What  w^ould  be  the  width  at  the  bottom  in  that 
case? 

Mr.  Burr.  In  that  case  the  width  of  the  masonry  core  would  be 
50  feet. 

Senator  Simmons.  At  the  bottom  ? 

Mr.  Burr.  As  we  designed  it  for  our  estimates.  The  width  of  the 
great  earth  bank  in  which  it  is  embedded  would  be  as  much  as  you 
please  to  make  it.  We  estimated  that  it  would  be  at  least  2,000  leet, 
Derhaps  half  a  mile.  Of  course  that  is  much  more  than  is  necessary 
for  stability;  but  so  long  as  the  spoil  must  be  deposited  somewhere 
it  could  be  deposited  there  so  as  to  make  this  dam  a  part  of  the 
earth's  surface,  a  great  mountain  across  the  valley. 

Senator  Simmons.  Two  thousand. feet  wide  at  the  base? 

ilr.  Burr.  Two  thousand  feet  wide  at  the  base,  and  at  the  top — 
I  have  forgotten,  but  I  think  it  was  possibly  200  feet.  It  might  be 
more;  with  the  waste  that  would  have  to  go  in  somewhere,  in  fact, 
it  woidd  probably  be  ten  or  twelve  hundred  feet. 

Senator  Simmons.  How  high  would  that  dam  be  above  the  mean 
level  of  the  lake? 

Mr.  Burr.  That  would  depend  upon  how  low  the  surface  would  be 
drawn  down.  If  it  were  to  be  drawn  down  30  feet,  or  I  will  say  35 
feet — I  am  speaking  from  memory — if  it  should  be  drawn  down  35 
feet  that  oscillation  in  the  lake's  surface  would  more  than  take  care 
of  two  successive  floods  the  greatest  of  which  we  have  any  record  at 
the  present  time. 

Senator  Simmons.  How  high  would  it  be?  How  much  would  it 
be  above  what  you  estimate  would  probably  be  the  highest  level  of 
the  lake? 

Mr.  Burr.  I  do  not  know  that  I  quite  catch  your  question.  Sena- 
tor; but  let  me  put  it  in  this  way — that  the  highest  water  surface  in 
the  lake 

Senator  Simmons.  That  is  what  I  mean. 

Mr.  Burr.  The  highest  water  surface  in  the  lake  would  be  about 
170  feet  above  mean  sea  level,  and  mean  sea  level,  of  course,  would  be 
the  elevation  of  water  surface  in  the  canal.  In  other  words,  it  would 
be  about  170  feet  above  the  surface  of  the  water  in  the  canal. 

Senator  Morgan.  When  you  speak  of  taking  care  of  two  successive 
floods,  the  largest  that  have  occurred,  do  you  mean  without  resort  to 
the  sluice  gates? 

Mr.  Burr.  There  is  volume  enough  to  take  two  successive  floods. 
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Senator  Morgan.  Without  running  anything  off  through  the  sluice 
gates? 

Mr.  Burr.  Without  running  anything  off  through  the  sluice  gates. 

Senator  Morgan.  The  length  of  those  sluice  gates,  of  course,  would 
correspond  with  the  width  of  the  dam,  which  might  be,  you  say,  even 
half  a  mile  ? 

Mr.  Burr.  Xo;  pardon  me.  The  sluice  gates  would  not  be  as 
long  as  the  dam.  The  sluice  gates  would  occupy  the  western  end  of 
the  dam. 

Senator  Morgan.  On  the  western  side  of  the  dam  ? 

Ifr.  Burr.  Yes;  where  there  is  rock  in  the  hills,  so  that  the  gates 
themselves  would  be  founded  right  in  the  rock,  which  reaches  up 
nearly  to  the  top  of  the  dam  at  that  end. 

Senator  Morgan.  Yes. 

Mr.  Burr.  So  that  the  overflow  through  those  sluice  gates  could 
never  imi>eril  the  stabilitv  of  the  earth  part  of  the  dam.  You  see, 
they  are  so  far  on  one  side  and  running  down  through  natural  rock 
and  masonry  channels  that  the  safety  of  the  earth  part  of  the  dam 
would  be  absolutely  assured. 

Senator  Morgan.  So  that  there  would  be  no  sluice  gates  at  all 
except  through  this  extension  of  the  dam,  which  is  made  for  that 
purpose  ? 

Mr.  Burr.  That  is  it,  precisely. 

Senator  Morgan.  And  a  sluiceway  dug  out  in  this  bed  of  rocks? 

Mr.  Burr.  In  the  rocks. 

Senator  Morgan.  Out  of  the  hills? 

Mr.  Burr.  Yes. 

Senator  Kittredge.  Is  the  foundation  of  the  Gamboa  dam  the 
same^  no  matter  which  kind  of  dam  is  to  be  constructed? 

Mr.  Burr.  It  would  be  the  same — ^that  is,  you  would  go  down  to 
bed  rock  in  either  case. 

Senator  Kittredge.  Of  what  material  would  the  foundation  be 
constructed  ? 

Mr.  Burr.  If  it  were  of  masonry  it  would  be  concrete  only,  be- 
cause that  is  the  most  economical,  and  absolutely  durable. 

Senator  Simmons.  Mr.  Burr,  would  not  that  dam  cost  very  nearly 
if  not  quite  as  much  as  the  large  dam  at  Gatun  that  is  proposed  in 
connection  with  the  lock-canal  plan? 

Mr.  Burr.  Verj'  nearly,  as  the  estimates  are  made;  but  at  the 
proper  time  I  shall  do  as  I  did  in  the  board  itself — criticise  that 
design,  and  state  why,  in  my  judgment,  it  is  not  a  proper  construc- 
tion for  such  an  important  work.  If  it  were  put  into  the  condition 
which,  in  my  judgment,  the  importance  of  the  work  demands,  it 
would  cost  much  more  than  it  is  estimated  to  cost. 

Senator  Simmons.  And  would  that  amount  be  much  greater  than 
the  estimated  cost  of  the  dam  at  Gamboa? 

Mr.  Burr.  It  would  be  materially  more;  I  can  not  state  just  how 
much. 

Senator  Simmons.  According  to  the  estimates  of  cost  made  by  the 
engineers  who  recommended  the  lock  canal,  it  would  not  be  much 
greater  than  your  estimate  of  the  cost  of  the  dam  at  Gamboa  ? 

Mr.  Burr.  I  will  give  you  just  the  exact  estimates,  Senator,  in  one 
moment,  if  you  will  pardon  me.    The  estimate  of  cost  of  the  Gamboa 
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dam  in  the  sea-level  plan  is  $6,000,000.  The  estimate  for  the  Gamboa 
dam  and  spillway — ^that  is  a  part  of  the  dam,  of  course,  just  as  much 
as  the  sluice  gates  of  the  other  dam  are — is  $7,788,000. 

Senator  Morgan.  A  million  and  a  half  more  at  Gatun  than 
Gamboa? 

Mr.  Burr.  A  million  and  three-quarters. 

Senator  Taliaferro.  And  jou  will  contend  that,  properly  con- 
structed, that  cost  is  underestimated? 

Mr.  Burr.  That  will  be  my  criticism. 

Senator  Simmons.  Can  you  give  me,  in  that  connection,  the  esti- 
mated cost  of  the  dam  that  is  to  be  constructed  on  the  Pacific  side — 
the  large  dam  in  connection  with  the  other  lock?  I  do  not  know 
what  that  other  lock  is  called.    What  is  it  called  ? 

Mr.  Burr.  Sosa  lock,  I  think  it  is. 

Senator  Simmons.  Sosa  lock — yes. 

Senator  Kittredge.  You  mean  the  three  dams  ? 

Senator  Sim3ions.  Yes — well,  all  except  the  one  that  provides  for 
the  oscillation  of  the  tides. 

Mr.  Burr.  There  are  two  dams,  you  know,  Senator,  on  the  Pacific 
end.  There  are  two  dams  there.  There  is  a  hill  called  "  Sosa  Hill  " 
right  in  the  line  of  those  two  dams,  and  one  dam  is  on  one  side  of 
it  and  the  other  on  the  other. 

Senator  Morgan.  They  are  connected  with  an  embankment? 

Mr.  Burr.  Well,  yes.  The  hill  right  in  the  low  ground,  called 
Sosa  Hill,  is  connected  by  a  dam  with  Ancon  Hill  on  one  side,  and 
with  the  hill  on  the  other  side  of  the  Rio  Grande  estuary  also  by 
a  dam. 

Senator  Kittredge.  Is  there  not  a  third  dam,  Mr.  Burr,  from 
Ancon  Hill  over  toward  the  railroad  ? 

Mr.  Burr.  There  is  a  dyke  there,  yes;  you  may  call  it  a  dam. 
That  is  correct.  It  is  not  so  high  as  the  others.  The  La  Boca 
dam — ^that  is,  the  dam  to  the  westerly  of  Sosa  Hill — is  estimated  to 
cost  $l,675,00io,  and  the  Ancon-Sosa  and  Ancon-Corozal — that  is  the 
one  which  you  have  in  mind — amounts  to  $1,645,000  more.  The 
total  is  $3,320,000;  and  in  my  judgment  the  same  criticism  would 
be  made,  only  stronger,  if  anything,  against  the  sufficiency  of  those 
dams  as  against  the  sufficiency  of  the  Gatun  dam.  But  that  is  a 
matter  which  I  will  take  up  further  on. 

Senator  Kittredge.  Mr.  JBurr,  is  there  not  another  dam  and  lock 
at  Miraflores? 

Mr.  Burr.  Not  at  Miraflores.  There  are  approach  walls  to  the 
Pedro  Miguel  lock  which  play  almost  the  part  of  dams;  but  they 
are  not  called  a  dam.    They  are  a  part  of  tne  lock  works. 

Senator  Kittredge.  Have  you  the  cost  of  the  construction  of  them? 

Mr.  Burr.  Of  the  Pedro  BJiffuel  locks? 

Senator  Kittredge.  Ye^;  oi  the  approaches  to  the  Pedro  Miguel 
locks- 
Mr.  Burr.  The  Pedro  Miguel  locks,  including  excavation  and 
back  filling,  $6,988,000,  and  approach  walls,  $300,000,  or  about  seven 
and  a  quarter  millions — chiefly  for  the  locks. 

Senator  Kjittredge.  That  is  at  Pedro  Miguel  ? 

Mr.  Burr.  Yes. 

Senator  Morgak.  That  corresponds,  then,  to  the  dam  at  Gatun  ? 


124  INVESTIGATION   OP  PANAMA  CANAL  MATTBBS. 

Mr.  Burr.  Yes. 

Senator  Morgan.  Where  is  the  additional  cost  of  the  Gatun  dam 
project  over  the  sea-level  project  as  to  dams  on  the  Pacific  side? 

Mr.  Burr.  I  do  not  know  that  I  understand  your  point,  Senator. 

Senator  Morgan.  There  is  a  certain  cost  of  constructing  the  dams 
on  the  sea-level  plan  on  the  Pacific  side,  the  Panama  side.  There  is 
first  an  estimated  cost  of  constructing  the  Gatun  dam. 

Mr.  Burr.  Pardon  me ;  there  is  no  dam  on  either  the  Panama  or 
the  Colon  end  in  the  sea-level  plan. 

Senator  Morgan.  Well,  I  call  it  a  dam.  I  am  speaking  about  the 
approaches  into  the  ocean  on  either  side. 

Mr.  Burr.  Oh,  do  you  mean  the  approach  channel? 

Senator  Morgan.  Yes;  the  approach  channel. 

Mr.  Burr.  Those  are  costly  works,  because  on  the  Panama  end 
there  is  a  large  amount  of  rock  excavation  in  those  channels. 

Senator  Morgan.  And  in  addition  to  that  there  are  the  lock  gates? 

Mr.  Burr.  The  lock,  the  tidal  lock,  which  is  also  an  expensive  fea- 
ture, costing,  as  I  remember,  about  six  millions,  or  estimated  to  cost 
about  six  millions;  but  I  will  ^ve  you  that  in  a  moment.  Six  mil- 
licms  is  allowed  for  the  twin  tidal  locks  at  the  Panama  end  of  the 
canal  in  the  sea-levelplan. 

Senator  Morgan.  Then  when  yoja  get  a  ship  through  the  twin  locks 
it  is  in  the  Bay  of  Panama  ? 

Mr.  Burr.  It  is  in  the  Bay  of  Panama. 

Senator  Morgan.  What  cost  is  there  for  constructing  the  channel 
from  that  point  out  to  those  three  islands  there,  which  are  the  anchor- 
age of  the  incoming  ships  ? 

Mr.  Burr.  From  the  end  of  the  lock  to  deep  water  the  estimated 
cost  is  $6,196,000. 

Senator  Morgan.  Now  we  will  turn  over  to  the  other  side. 

Mr.  Burr.  That  is  largely  due  to  the  rock  excavation. 

Senator  Morgan.  Now  we  will  turn  over  to  the  other  side.  What 
is  the  cost 

Senator  Kittredge.  May  I  ask  a  question  befbre  you  put  that? 

Senator  Morgan.  I  would  like  to  complete  that  question.  It  is  a 
question  consisting  of  two  propositions. 

Senator  Kittredge.  That  is  all  ri^ht. 

Senator  Morgan.  The  cost  of  making  a  ship  channel  in  the  Bay  of 
Limon,  as  estimated  by  the  minority  of  that  Commission,  and  also  of 
a  breakwater,  is  that  estimated  for? 

Mr.  Burr.  Yes ;  the  breakwater. 

Senator  Morgan.  In  the  Bay  of  Limon  ? 

Mr.  Burr.  It  is  practically  the  same.  The  sea-level  estimate  is 
$5,000,000;  the  lock  estinaate,  $5,300,000.  That  is  for  the  break- 
waters. The  channel  in  Limon  Bay  is  $624,400  in  the  sea-level  plan 
and  $1,245,000  in  the  lock  plan. 

Senator  Morgan.  Yes. 

Mr.  Burr.  It  is  much  wider. 

Senator  Morgan.  I  merely  wanted  to  get  those  figures  associated 
together,  so  that  they  would  be  easy  of  comparisouj  you  know.  I 
want  to  get  this  proposition  that  we  are  discussing  simplified,  if  we 
can  do  it,  down  to  the  question  of  the  actual  work  oi  cutting  tiie 
channel  of  the  canal. 

Senator  Kittredge.  The  question  that  I  wished  to  ask  Mr.  Burr  is 
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if  there  is  any  material  difference  in  the  work  in  Panama  Bay  for 
one  type  of  canal  as  compared  with  the  other? 

Mr.^URR.  No;  not  in  Panama  Bay. 

Senator  Kittredgb.  It  is  just  the  same? 

Mr.  BuBB.  It  is  just  the  same. 

Senator  Simmons.  Mr.  Burr,  you  said  a  little  while  ago,  as  I 
understood  you,  that  you  disposed  of  the  waters  of  the  Gatun  River 
by  building'a  dam  and  providing  a  drain  way,  you  say.  You  would 
have  to  do  that,  would  you  not? 

ilr.  BuKR.  Yes;  we  would  have  to  complete  that  diversion  chan- 
nel, which  is  now  partially  dug. 

Senator  Simmons.  You  said  there  were  some  other  small  streams 
which  flow  naturally  into  the  Chagres,  which  you  would  dam  up  and 
throw  the  waters  back  on  themselves  for  the  purpose  of  preventing 
sediment  flowing  into  the  prism  of  the  canal. 

Mr.  BtJKR.  Yes. 

Senator  Simmons.  Could  you  tell  what  would  be  the  cost  of  the 
construction  of  that  dam  and  drain  way  to  dispose  of  the  waters  of  the 
Gatun  River,  and  the  cost  of  the  dams  of  these  other  streams  that 
would  have  to  be  dammed  under  the  sea-level  plan,  but  not  under 
the  lock  plan  ? 

Mr.  Burr.  About  three  and  a  half  millions. 

Senator  Morgan.  That  includes  the  Gatun  River? 

Mr.  Burr.  That  includes  the  completion  of  the  river  diversions, 
the  formation  of  dams  across  tributary  streams,  the  regulation  of  the 
rivers  which  flow  into  the  canal,  etc. 

Senator  Morgan.  Now,  except  the  Gatun  River,  all  of  those  rivers 
which  you  would  have  to  take  care  of  there  with  these  dams  come  in 
from  the  west  ? 

Mr.  Burr.  They  nearly  all  come  in  from  the  west. 

Senator  Morgan.  The  Gatun  River  is  the  only  one  you  would  have 
to  control  ? 

Mr.  Burr.  Yes ;  the  Gatun  River  is  by  far  the  largest.  The  most 
of  those  streams  are  very  small.  In  fact,  when  I  have  been  on  the 
Isthmus  in  the  dry  season  some  of  them  were  practically  or  abso- 
lutely dry — essentially  so. 

Senator  Simmons.  Now,  Mr.  Burr,  summarizing,  what  would  be 
the  total  difference  as  to  the  cost  of  constructing  dams  and  drainways 
to  dispose  of  the  waters  of  these  streams  between  the  lock-canal  plan 
and  the  sea-level  canal  plan?  I  am  speaking  merely  now  of  aams 
and  drainways  to  control  these  waters. 

Mr.  Burr.  The  total  cost  under  the  sea-level  plan  would  be  the 
three  and  a  half  millions  which  I  have  just  mentioned,  added  to  the 
hix  millions  for  the  Gamboa  dam,  which  would  make  nine  and  a  half 
millions,  to  which  the  usual  20  per  cent  has  been  added.  That  is  the 
total  cost  of  all  those  works  for  the  sea-level  plan. 

Senator  Simmons.  Both  dams  and  otherwise? 

Mr.  Burr.  Yes.  In  the  lock  plan  there  is  no  corresponding  item, 
because  all  the  rivers  there  flow  into  the  lakes  unobstructedly. 

Senator  Simmons.  So  that  in  the  lock  plan  you  only  have  the  dams 
at  Gatun  and  La  Boca  there? 

Mr.  Burr.  Yes. 

Senator  Simmons.  Those  three  over  there? 
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Mr.  BuBR.  Yes ;  those  three  over  there  and  the  Gktun  dam. 

Senator  Simmons.  Not  the  Gatun  Lake;  you  mean  the  La  Boca 
Lake? 

Mr.  Burr.  I  mean  there  are  three  dams  on  the  Pacific  side ;  those 
three  smaller  dams  and  the  one  Gatun  dam  on  the  Caribbean  Sea. 

Senator  Simmons.  And  the  Gatun  dam,  in  connection  with  the 
lock-canal  plan  ? 

Mr.  Burr.  Yes. 

Senator  Simmons.  And  their  cost  is 

Mr.  Burr.  Their  cost  is  $3,320,000. 

Senator  KnTREDOB.  That  makes  seven  million  and  something. 

Mr.  Burr.  Yes;  and  then  there  are  diversion  channels — four  and 
a  half  millions  added  to  $7,800,000— say  about  twelve  and  a  quarter 
millions. 

Senator  Kittredoe.  I  do  not  quite  understand  that.  Probably  I 
am  in  error.    The  dam  at  Gatun  costs  seven  million  and  a  half? 

Mr.  Burr.  About  $7,800,000. 

Senator  Kittredoe.  Yes.  Then  the  three  dams  at  La  Boca  and 
Sosa  Hill 

Mr.  Burr.  And  the  diversion  channels. 

Senator  Kittredoe.  And  the  diversion  channels  cost  how  much  ? 

Mr.  Burr.  About  four  and  a  half  millions  more. 

Senator  Kittredoe.  Yes ;  I  understand. 

Mr.  Burr.  And  to  that  sum  would  be  added  the  usual  20  per  cent. 

Senator  Taliaferro.  What  comparison  are  you  making  now,  Mr. 
Burr? 

Mr.  Burr.  I  was  simply  answering  the  question  as  to  the  cost  of 
these  particular  works ;  that  is  all. 

The  Chairman.  I  would  suggest  that  it  would  be  a  good  deal  more 
expeditious  if  we  let  Mr.  Burr  go  on  and  make  a  general  statement  of 
this  thing,  and  then  take  up  the  questions  afterwards. 

Senator  Morgan.  I  think  we  are  making  very  good  progress. 

Senator  Simmons.  The  objection  to  that,  to  my  mina,  is  that  we  lose 
the  questions  and  lose  the  pertinency  of  them. 

The  Chairman.  Of  course  you  know  that  we  will  have  all  of  that 
evidence  that  Mr.  Burr  ^ves  us  to-day  before  us  in  the  morning ;  and 
I  suppose  you  will  be  with  us  to-morrow,  anyway,  Mr.  Burr.  I  sim- 
ply thought  it  would  expedite  matters  a  little;  that  was  all. 

Senator  Morgan.  I  think  every  question  that  has  been  asked  has 
been  material. 

The  Chairman.  I  think  so;  I  have  no  doubt  of  that,  Senator;  but 
I  was  thinking  whether  we  could  not  proceed  a  little  faster;  that  was 
all. 

Senator  Kittredge.  You  may  proceed,  I  think,  Mr.  Burr. 

Mr.  Burr.  The  other  feature  of  the  construction  of  the  sea-level 
canal  which  has  been  considered  of  great  difficulty  is  that  of  the  exca- 
vation through  the  summit  cut.  The  total  length  of  the  canal  be- 
tween 42-foot  contours  is  about  49  miles.  Of  that  distance  about  25 
miles,  perhaps  18  on  the  Caribbean  side  and  7  on  the  Pacific  side  is 
tiirougn  a  territory  the  surface  of  which  is  but  little  above  sea  level, 
so  that  the  canal  throughout  those  portions  would  naturally  be  a  sea - 
level  waterway. 
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The  remamin^  24  miles,  or  about  24  miles,  approximately,  from 
Bohio  to  Miraffores,  is  of  a  different  character.  It  embraces  the 
high  ground  along  the  canal  line,  the  highest  of  which  is  at  Culebra, 
the  summit  of  the  Cordillera  at  that  location.  That  summit  origi- 
nally was  about  330  feet  above  sea  level.  It  has  now  been  cut  down 
about  160  or  166  feet.  The  bulk  of  this  excavation,  involving  the 
greatest  difficulty  and  requiring  the  most  time,  is  located  along  about 
8  miles  of  this  distance,  from  ObispMO,  near  Gamboa,  to  Pedro  Sf iguel. 
The  total  volume  of  excavation  within  that  distance  is  about  110,- 
000,000  cubic  yards. 

The  surface  is  clay,  and  it  is  in  that  surface  clay  where  the  diffi- 
culty of  slipping  or  sliding  has  been  encountered,  although  that 
difficulty  has  been  much  exaggerated.  When  clay  is  wet  it  will  slip, 
whether  it  is  in  this  country  or  on  the  Isthmus.  That  feature  of  this 
work  does  not  seem  to  me  to  be  so  formidable  as  it  does  to  many, 
because  from  my  student  days  in  Troy  down  to  the  present  time  I 
have  seen  a  great  deal  of  wet  clay.  I  have  seen  it  slip.  I  have  been 
brought  in  contact  with  it  many  times. 

The  vicinity  of  Troy,  N.  Y.,  is  one  of  clay  hills.  There  have  been 
many  slips  there,  one  of  which  occurred  in  my  student  days  on  the 
line  "of  the  New  York  Central  road,  between  Troy  and  ScKenectady, 
in  a  cut,  as  I  recall  it,  between  40  and  60  feet  deep.  The  bank  slipped 
on  one  side  of  that  cut  and  filled  in,  so  that  railroad  traffic  was  in- 
terrupted for  perhaps  ten  days.  There  have  been  numerous  slips 
within  the  limits  of  the  city  of  Troy  on  the  steep  hills  about  there, 
all  due  to  water  getting  into  the  clay.  All  that  is  necessary  to  rem- 
edy such  a  condition  is  simply  to  excavate  the  clay  or  to  drain  it 
and  keep  the  water  out;  and  that  is  all  that  is  necessary  in  the  great 
Culebra  cut. 

It  is  not  a  new  problem.  It  is  no  formidable  feature  of  the  work. 
It  has  simply  to  be  treated  down  on  the  Isthmus  precisely  as  it  is 
treated  here.  There  would  be  no  slipping  of  the  claj  in  the  vicinity 
of  the  Culebra  cut  if  it  is  drained,  as  it  may  be,  or  if  portions  of  it, 
where  it  may  readily  be  treated  in  that  way,  are  excavated.  It  is 
not  a  material  difficulty ;  it  is  not  an  obstacle  to  the  construction  of  a 
sea-level  canal.  It  simply  means  drainage  and  excavation;  that  is 
all.  I  might  say  that  I  speak,  perhaps,  with  undue  emphasis  on 
this  point,  because  I  have  been  over  every  foot  of  that  ground  my- 
self, and  in  view  of  my  previous  experience  with  slipping  clay, 
which  I  have  just  stated,  I  speak  not  xrom  hearsay  or  opinion,  but 
from  actual  observation  extending  over  many  years. 

Below  this  surface  of  clay  there  is  founci  the  characteristic  rock 
and  indurated  clay  of  the  Culebra  cut.  The  upper  part,  or  nearly 
all  of  the  upper  part,  of  the  cutting  below  this  surface  clay  is  a 
peculiar  indurated  clay,  within  which,  however,  are  found  veins  or 
strata  of  hard  basaltic  rock;  not  a  clear  basalt,  but  hard  rock  of 
a  basaltic  nature— very  hard  rock.  All  of  this  material,  whether  the 
indurated  clay  or  the  hard  rook,  must  be  blasted,  the  softer  part  of 
it  requiring  but  small  charges  of  black  powder,  others  being  hard 
enough  to  require  dynamite;  but  it  is  a  material  which  presents  no 
special  difficulty  in  excavation.  It  has  simply  to  be  attacked  like  any 
other  rock  excavation,  soft  rock  or  hard  rock,  as  the  case  may  be. 

Senator  Ankbnt.  What  do  you  mean  by  indurated  clay?  What 
is  it  stated  to  be  in  the  books? 
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Mr.  Burr.  It  is  called  indurated  clay  in  the  books.    It  is  a  peculiar 
material. 
•    Senator  Anken y.  Is  it  a  clay  at  all  ? 

Mr.  Burr.  Yes;  it  is  a  clayey  material,  but  it  shades  off  into  the 
surface  clay  that  I  have  already  spoken  of  on  the  one  side  and 
down  into  hard  rock  on  the  other.  It  is  difficult  for  one  who  has 
been  accustomed  to  seeing  only  the  materials  here  in  this  country  to 
realize  what  irregular  ana  unusual  stuff  you  may  find  on  the  Isthmus. 
I  know  it  impressed  me  in  that  way. 

Senator  Ankeny.  I  did  not  mean  to  interrupt  you. 

Senator  Morgan.  This  clay  is  supposed  to  be  disintegrated  rock, 
is  it  not? 

Mr.  Burr.  It  is  sunposed  to  be,  and  undoubtedly  it  is.  Much  of 
this  hard  or  induratea  material  which  I  speak  of,  all  of  it  so  hard  as 
to  require  blasting,  will  go  to  pieces  if  you  put  a  lump  of  it  in  a  glass 
of  water ;  it  will  go  to  pieces  within  a  few  seconds. 

Senator  Morgan.  It  dissolves,  like  sugar  or  salt  or  something  of 
that  kind? 

Mr.  Burr.  No;  it  does  not  dissolve.  It  simply  goes  to  pieces  and 
falls  down  into  fine  material;  and  yet  you  may  sink  a  pit  in  that 
material,  and  the  pit  will  fill  with  water  and  stay  there  apparently 
indefinitely. 

Senator  Ankeny.  Will  it  deliquesce,  or  gather  moisture? 

Mr.  Burr.  No,  sir;  it  does  not.  I  have  been  down  in  those  pits 
myself  that  have  had  water  in  them  for  months,  and  the  sides 

Senator  Ankeny.  I  mean  will  it  absorb  moisture  in  a  damp  cli- 
mate, so  that  it  would  fall  away,  as  camphor  does,  for  instance  ? 

Mr.  Burr.  No,  sir;  it  weathers  a  very  little,  but  not  much.  These 
banks  have  stood  up  there  for  six  years,  within  my  pereonal  experi- 
ence, and  the  weathering  has  been  very  little;  very  little,  indeed"; 
surprisingly  little. 

The  excavation  of  this  cut,  which  has  been  regarded  with  so  much 
apprehension,  I  might  almost  say  with  dread,  and  which  still  ap- 
pears to  be  regarded  in  that  way  in  some  quarters^  seems  to  me  to 
be  without  any  of  those  awe-inspiring  features.  It  is  a  plain  case  of 
digging.  The  onlj;  unusual  feature  about  it  is  its  size;  that  is  all, 
absolutely.  There  is  nothing  else  about  it  that  is  out  of  the  ordinary. 
It  is  simply  an  enormous  piece  of  excavation.  You  can,  as  we  of  the 
consultinj^  board  have  done,  lay  out  a  system  of  attacking  that  cut, 
much  as  it  was  laid  out  by  the  New  Panama  Canal  Company,  with  a 
programme  to  be  carried  out  with  as  much  certainty  as  ever  can  be 
attached  to  any  great  engineering  work.  In  fact,  it  is  very  seldom 
tiiat  a  great  engineering  work  offers  so  clear  and  unobstructed  a  pro- 
gramme for  execution  as  the  taking  out  of  the  material  in  that  cut. 

The  particular  part  of  the  cut  which  each  shovel  will  excavate, 
and  from  which  tracks  or  to  which  tracks  must  be  led  can  be  set 
forth  with  mathematical  precision ;  so  that  the  actual  progress  of  the 
work  can  be  conclusively  demonstrated.  If  you  put  a  steam  shovel 
against  a  face  of  material  of  this  kind,  and  put  steam  on  it,  it  will 
work ;  and  if  you  have  tracks  leading  up  to  it,  and  locomotives  with 
cars  on  them,  you  can  certainly  get  the  material  away  at  a  rate  which 
can  be  estimated.     It  is  perfectly  practicable.    It  does  not  seem  to  me 
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that  the  simplest  procedures  within  the  range  of  engineering  con- 
struction involve  such  great  uncertainty.  In  fact,  in  toy  judg- 
ment they  involve  no  uncertainty  at  all.  We  know  that  during 
the  rainy  season  there  will  be  some  interruption  to  work,  although 
I  am  satisfied  that  that  interruption  is  not  nearly  so  great  as 
many  suppose  it  will  be,  for  I  have  been  on  the  Isthmus  during 
the  rainy  season  as  well  as  the  dry  season.  I  have  been  there  when 
it  rained  heavily. 

The  Chairman.  Mr.  Burr,  just  for  my  own  satisfaction,  I  want  to 
ask  you  this :  When  we  were  on  the  way  to  Panama  you  told  me  the 
amount  of  rainfall  that  was  had  at  Grevtown.  To  satisfy  my  curi- 
osity on  that  point,  I  want  you  to  state  what  that  is. 

Mr.  Burr.  About  25  feet.  Senator. 

The  Chairman.  In  a  year  ? 

ilr.  Burr.  Yes,  sir.  Fortunately,  we  have  not  that  to  contend 
with  on  the  Isthmus. 

The  Chairman.  It  was  so  much  that  I  was  very  much  surprised, 
I  know. 

Mr.  Burr.  That  is  not  every  year,  but  it  is  not  phenomenal. 

The  Chairman.  Proceed.    Excuse  me  for  interrupting  you. 

Mr.  Burr.  It  seems  to  me,  therefore,  that  if  there  is  any  one  part 
of  this  work  which  is  freed  from  the  usual  uncertainties  of  engi- 
neering construction  it  is  this  plain,  simple  matter  of  digging  this 
great  mass.  And  I  want  to  say,  right  at  this  point,  that  that  is  not 
any  new  impression  of  mine.  It  is  precisely  the  impression  that  I 
had  when  I  was  on  the  Isthmus  between  five  and  six  years  ago,  and 
which  prompted  me  to  ar^e  obstinately  for  the  assignment  of  a 
shorter  period  of  construction  for  the  Panama  Canal  than  for  the 
Nicaragua. 

My  mind  was  absolutely  open  in  going  there,  but  I  have  been 
forced  by  the  results  of  my  observation  to  these  conclusions.  So 
that,  when  you  lay  out  the  detailed  plan  of  attack  for  the  excava- 
tion in  the  Culebra  cut  and  make  all  allowances  for  rainy  weather 
and  for  inefficiency  of  labor,  which  is  great  on  the  Isthmus,  for  the 
liabilities  to  breakdowns  of  steam  shovels  or  for  any  other  material 
delays,  and  allow  an  ample  margin  for  exigencies  which  can  not  be 
anticipated,  I  believe  there  is  nortiing  more  certain  in  estimating  the 
rate  of  progress  of  anv  ^eat  work  than  the  time  which  the  majority 
assiffnea  for  the  completion  of  this  summit  excavation. 

I  have  not  the  slightest  doubt  that  that  entire  excavation  can  be 
completed  within  ten  years.  ^Vhen  I  make  that  statement  I  appre- 
ciate fully  its  gravity  and  what  it  means.  I  have  been  face  to  lace 
with  the  situation  on  the  ground  many  times.  I  have  watched  the 
excavation  many  times.  I  have  endeavored  to  realize  all  the  uncer- 
tainties which  are  usually  assigned  to  it,  but,  as  an  engineer  who  has 
had  some  experience  with  large  works,  I  can  not  see  where  these 
dreadful  difficulties  exist  that  are  supposed  to  attend  the  excavation 
of  this  great  cut.  I  think  that  the  lions  which  are  so  often  seen  in 
the  way — ^^vhich  have  been  seen  and  are  still  seen — are  due  to  its 
mamitude  only. 

U  is  a  work  which  requires  patience  first,  and  patience  last, 
and  patience  all  the  while  between ;  but  all  it  needs  is  that  persistence 
which,  constantly  exerted,  w^ill  accomplish  any  work  on  schedule 
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time.  It  is  easily  feasible  to  drain  the  work  so  that  the  water  falling 
upon  it  in  the  heaviest  rains  will  run  off  quickly.  The  work  in  no 
case  need  then  be  delayed  more  than  a  few  hours,  except  possibly  in 
the  case  of  an  occasional  slip,  which  will  occur  rarely. 

We  have  heard  a  good  deal  about  the  rains  rendering  the  tracks 
unusable.  As  a  matter  of  fact  the  tracks  of  the  Panama  Railroad 
have  been  there  for  fifty  years,  and  I  do  not  know  that  the  total  delay 
from  wetting  those  tracks  and  washing  them  away  is  enough  to  be 
assi^ed.  Bridges  have  been  carried  away  occasionally,  of  course; 
but  it  is  perfectly  feasible,  within  the  range  of  any  competent  engi- 
neer's capacity,  to  construct  those  surface  tracks  that  lead  up  to  me 
shovels  in  such  a  way  that  there  will  be  no  sensible  break  m  their 
operation  due  to  the  rainfall.  It  will  require  a  little  more  substantial 
construction  of  tracks  than  those  which  ordinarily  lead  to  a  railroad 
excavation  while  it  is  in  progress  of  construction,  but  that  is  not 
material. 

The  ballasting  will  have  to  be  done  with  a  little  more  care,  and 
drainage  will  have  to  be  completed  in  a  perfect  system  leading  to 
every  elevation  of  track  throughout  the  whole  cutting;  but  that  is 
perfectly  feasible.  A  considerable  number  of  those  tracks  and  of 
considerable  length  will  be  permanent.  They  will  be  used  through- 
out the  entire  work.  Those  would  be  ballasted  like  any  railroad 
track.  All  those  matters  are  feasible;  they  are  simple  mattets  of 
everyday  construction  with  an  engineer. 

Senator  Ankbny.  That  applies  to  all  of  your  laterals,  does  it? 

Mr.  Burr.  Yes.  It  applies  to  all  laterals,  and  there  would  be 
tracks  on  the  different  terraces  very  near  where  the  final  slopes  would 
exist  that  would  be  used  for  years  for  carrying  away  this  material. 
Those  tracks  would  be  ballasted  in  a  permanent  way,  like  any  rail- 
road track.    The  additional  cost  is  not  much. 

The  whole  rational  question  resolves  itself  simply  into  making  a 
proper  preparation  for  this  work.  That  is  all  there  is  of  it  There 
is  nothing  extraordinarj",  nothing  unusual ;  but  it  does  require  great 
patience  and  persistence— that  is,  you  have  got  to  do  a  great  deal  of 
work  over  a  period  of  perhaps  two  or  three  years  that  does  not  appear 
to  brin^  any  adequate  return,  but  it  will  bring  its  return.  In  fact,  it 
will  bring  about  the  completion  of  the  excavation. 

As  stated  in  the  report,  it  is  practically  a  matter  of  demonstration 
that  that  material  can  be  excavated  from  the  summit  within  the 
period  of  ten  years.  If  we  add  to  that  25  per  cent  additional  time, 
after  making  all  the  other  allowances  which  have  been  made,  as  the 
board  did,  giving  a  j>eriod  of  from  twelve  to  thirteen  years,  it  is  an 
outside  limit  of  the  time  for  the  completion  of  the  canal.  I  believe 
that  it  can  be  done  and  will  be  done. 

Senator  Ankeny.  With  either  type? 

Mr.  Burr.  In  less  time. 

Senator  Ankeny.  With  either  type  of  canal — ^lock  or  sea-level? 

Mr.  Burr.  I  am  speaking  now  of  the  sea-level  plan.  The  lock 
plan  I  shall  refer  to  to-morrow,  assuming  that  we  will  not  get  to  it 
to-day.    It  is  a  somewhat  different  proposition,  but  not  altogether  so. 

Senator  Ankeny.  I  did  not  mean  to  interrupt. 

Mr.  Burr.  I  am  speaking  now  of  this  great  Culebra  cut,  which  has 
been  such  a  bugbear  to  so  many  people.    Its  whole  significance  lies 
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in  its  size,  that  is  all.  It  is  not  a  complicated  thing.  It  is  a  matter 
of  transportation.  The  digging  is  a  very  simple  matter.  Trans- 
porting the  material  away  is  the  essence  of  the  whole  problem,  and 
the  manner  of  attack  which  I  have  spoken  of  and  which  nas  been  laid 
out  with  so  much  detail  and  so  mucn  care,  is  devised  with  a  view  to 
solving  the  transportation  problem,  not  the  problem  of  digging, 
because  that  takes  care  of  itself. 

Senator  Morgan.  You  cut  through  the  Culebra  Heights  in  benches? 

Mr.  Burr.  Yes,  sir. 

Senator  Morgan.  About  what  is  the  height  of  each  bench  ? 

Mr.  Burr.  Twenty-five  or  30  feet.  In  tiie  plan  which  I  laid  out 
for  mvself  particularly  I  took  them  at  30  feet.  In  the  scheme  which 
Mr.  Wallace  laid  out  ne  took  them  at  25. 

Senator  Morgan.  What  is  the  width  of  those  benches? 

Mr.  Burr.  Twenty-five  feet. 

Senator  Morgan.  Twenty-five  feet  high  and  25  feet  wide? 

Mr.  BuTRR.  I  took  the  benches  at  30  feet  high  and  25  feet  wide. 
Mr.  Wallace  took  them  just  the  other  way.  But  it  does  not  make 
any  essential  difference.  I  took  them  at  25  feet  wide  because  that  is 
just  the  width  required  for  the  double  track,  which  will  allow  the 
steam  shovel  on  one  track  to  be  served  by  cars  on  the  other;  but  30 
feet  may  be  taken,  so  far  as  that  matter  is  concerned. 

Senator  Morgan.  While  you  are  running  along  with  the  cars  on  a 
bench  30  feet  high,  or  25  feet  high,  your  shovels  would  work  below  ? 

Mr.  Burr.  No  ;  the  shovel  will  be  at  work  on  the  same  level. 

Senator  Morgan.  But  it  will  work  below  and  lift  the  material  up 
to  the  cars,  would  it  not  ? 

Mr.  Burr.  Xo;  the  cars  serving  the  steam  shovel  would  be  on  the 
same  level  as  the  steam  shovel  itself. 

Senator  Morgan.  And  work  right  against  the  wall  ? 

Mr.  Burr.  Work  right  alongside  of  the  steam  shovel. 

Senator  Morgan.  Yes;  on  that  line? 

Mr.  Burr.  Yes,  sir. 

Senator  Morgan.  WTien  you  get  through  with  that  you  would  go 
down  and  open  another  line  ? 

Mr.  Burr.  Another  steam  shovel  would  do  that  after  the  upper 
one  had  gone  far  enough  on  to  be  out  of  its  way. 

Senator  Morgan.  A^d  you  could  keep  up  the  work  continuously 
if  you  had  shovels  enough  ? 

Sir.  Burr.  Yes,  sir;  so  that  we  could  work  at  least  100  shovels. 
That  can  be  demonstrated  beyond  any  doubt  whatever.  But  from 
80  to  100  shovels  is  all  that  is  necessary  to  accomplish  this  purpose. 

Senator  Morgan.  Why  could  you  not  carry  the  Panama  Railroad 
on  one  of  those  benches  through  that  divide? 

Mr.  Burr.  It  could  be  carried  there  eventually ;  but  you  would  not 
want  it  running  through  the  cut  tvhile  the  work  was*  going  on,  be- 
cause it  would  be  in  the  way,  that  is  all. 

Senator  Morgan.  Would  it  necessarily  be  in  the  way  ? 

Mr.  Burr.  Yes;  of  course  w^hile  you  are  at  work  on  the  cut  you 
do  not  want  anything  more  in  there  than  you  have  to  have. 

Senator  Morgan.  The  difficulty  I  am  trying  to  get  rid  of  is  one 
that  has  embarrassed  me  all  the  time,  and  i  have  not  found  anybody 
yet  that  could  explain  it  fully.     When  this  canal  is  completed, 
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whether  it  is  a  sea-level  or  a  lock  canal,  that  railroad  has  got  to  be 
changed  from  its  present  location,  because  it  now  crosses  the  canal 
twice. 

Mr.  Burr.  Yes. 

Senator  Morgan.  Therefore,  to  prevent  the  crossing  of  the  river 
but  once,  which  would  be  at  Gamboa,  it  must  go  up  on  the  right  bank 
of  the  Chagres,  straight  up  to  Gamboa,  and  from  that  out  by  Obispo, 
and  from  that  out  througn,  as  I  contend,  the  Culebra  Heights.    My 

Sroposition,  or  suggestion,  rather,  is  that  that  railroad  can  be  con- 
ucted  or  located  there  permanently  and  conducted  on  one  of  those 
benches  so  as  to  save  winding  around  that  hill  and  crossing  this 
canal. 

Mr.  Burr.  It  can  be.    There  is  no  question  about  that? 

Senator  Morgan.  It  can  be  done  now  ? 

Mr.  Burr.  Only  that  it  would  be  in  the  way  of  the  work  going  on ; 
that  is  all.  But  it  could  stay  where  it  is  until  the  canal  is  finished, 
and  then  you  could  change  it. 

Senator  Morgan.  You  think  it  would  not  do  to  finish  it  in  that 
manner  when  you  had  got  down  below  it,  as  you  would  be  away  down 
below  it? 

Mr.  Burr.  Yes ;  you  can  change  it  then  if  you  desire  to. 

Senator  Morgan.  Selecting  a  bench  that  is  out  of  the  way  ? 

Mr.  Burr.  Yes.  sir. 

Senator  Morgan.  And  putting  the  railroad  right  through  that  cut, 
and  keeping  it  on  the  right  bank  of  the  Chagres  River  all  the  way 
up  until  you  crossed  it  at  Gamboa  ? 

Mr.  Burr.  That  is  feasible. 

Senator  Morgan.  That  is  the  point  I  wanted  to  get  at  and  to  get 
on  the  record.     That  applies,  I  think,  to  both  forms  of  canal  ? 

Mr.  Burr.  I  can  not  see  that  it  makes  any  difference  whether  it  is 
one  type  or  the  other. 

Senator  Morgan.  With  a  lake  created  by  a  dam  at  Gatiin,  yon 
could  not  go  anywhere  else  except  on  the  right  bank  of  the  Chagres? 

Mr.  Burr.  You  would  have,  of  course,  to  relocate  the  railroad. 
There  would  be  no  help  for  that. 

Senator  Morgan.  The  whole  length  of  it,  down  to  Gatun  ? 

Mr.  Burr.  Yes. 

Senator  Morgan.  That  is  what  I  thought. 

Senator  Kittredgic.  Within  what  time  can  the  Culebra  cut,  in 
your  judgment,  be  excavated? 

Mr.  Burr.  Within  ten  years. 

Senator  Morgan.  Forty  feet  below  sea  level  ? 

Mr.  Burr.  Yes,  sir. 

Senator  Kittredge.  Beginning  at  what  time? 

Mr.  Burr.  I  mean  ten  years  ft'om  the  actual  beginning  of  work. 

Senator  Kittredge.  Can  all  the  other  works  necessary  to  construct 
and  complete  a  sea-level  canal  be  completed  within  that  ten  years? 

Mr.  Burr.  They  can,  easily. 

Senator  Kittredge.  In  other  words,  the  time  employed  in  the  exca- 
vation of  the  Culebra  cut  is  the  maximum  time  for  the  completion  of 
a  sea-level  canal ;  is  that  it? 

Mr.  Burr.  That  is  the  controlling  feature,  so  to  speak;  yes. 

Senator  Kittredge.  Under  the  type  and  plans  proposed  by  the 
Board  of  Consulting  Engineers — ^in  other  words,  a  sea-level  canal — 
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is  there  involved  any  untried,  unusual,  or  doubtful  engineering 
proposition? 

Mr.  Burr.  I  know  of  none. 

Senator  Kittredge.  And  you  make  us  that  statement  upon  the 
years  of  experience  you  have  mentioned? 

Mr.  Burr.  I  do. 

Senator  Morgan.  I  wanted  to  ask  you  in  that  connection  where 
you  would  put  your  dump  in  making  a-  sea-level  canal  ? 

Mr.  Burr.  That  is  an  open  question.  I  think,  now,  that  it  would 
be  a  judicious  disposition  of  that  spoil  to  fill  up  all  the  marsh  land, 
beginning  at  about  Miraflores  and  extending  to  the  mouth  of  the  Rio 
Grande  estuary.  There  are  a  considerable  number  of  square  miles 
of  territory  wKich  at  present  is  waste,  and  never  can  be  anything  else, 
in  its  present  condition,  but  which  could  be  filled  and  made  valuable 
land  by  the  spoil  from  the  Culebra  cut.  It  mav  be  that  it  would  be 
found  advisable  to  carrj^  some  of  it  to  sea  ani  dump  it.  While  I 
should  not  wish  to  commit  myself  absolutely  to  any  plan  of  disposi- 
tion at  this  moment,  that  is  a  perfectly  feasible  and  reasonable  plan. 

Senator  Morgan.  Can  you  take  the  spoil  from  Obispo,  for  instance, 
and  carry  it  now  to  those' flats  out  at  the  mouth  of  the  Rio  Grande? 

Mr.  Burr.  I  would,  unless  there  was  some  convenient  disposition 
for  that  at  Obispo  in  the  other  direction.  North  of  Obispo  the 
amount  of  excavation  is  relatively  small. 

Senator  Morgan.  Yes 

Mr.  Burr.  That  is,  much  less  than  the  bulk  of  it  in  the  other  direc- 
tion. 

Senator  Simmons.  What  will  be  the  relative  length  of  time  re- 
quired for  the  passage  of  a  shin  through  a  sea-level  and  a  lock  canal  ? 

Mr.  Burr.  That  will  depend  on  the  size  of  the  ship.  It  is  gener- 
ally accepted  and  is  confirmed  by  experience  that  if  the  area  of  wet 
cross-section  of  a  canal  prism  is  four  times  that  of  the  immersed 
cross-section  of  a  ship,  the  ship  may  pass  through  that  canal  at  a 
-peed  of  not  less  than  6  miles  per  hour.  The  section  proposed  in  the 
j^a-level  plan  fulfills  that  condition  for  all  the  great  ships,  or  prac- 
tically all  now  completed.  It  would  not  quite  apply  to  the  800- foot 
>teamships  which  are  now  being  built  or  understood  to  be  being  built 
for  the  Cunard  Line :  but  very  near  it.  It  even  very  nearly  meets  that 
condition  for  that  size  of  ships.  But  I  think  that  there  is  no  ship 
now  projected  or  likely  to  be  built  within  the  near  future  which  could 
not  pass  through  the  canal  at  a  speed  of  4  to  5  miles  per  hour. 

Senator  Simmons.  You  are  speaking  of  a  sea-level  canal? 

Mr.  Burr.  I  am  speakinff  of  the  sea-level  prism  as  proposed.  But 
if  it  were  the  case  ot^a  battle  ship,  when  it  was  urgent  for  the  United 
States  Government,  for  instance,  to  pass  a  fleet  from  one  side  to  the 
"ther,  I  do  not  doubt  that  those  ships  would  go  through  the  prism  as 
proposed  from  6  to  8  miles  per  hour — that  is,  they  would  put  them 
through  at  that  speed.  Of  course  if  that  were  kept  up  day  after  day, 
eventually  ^ere  would  be  perhaps  a  washing  oi  the  banks  at  some 
parts;  but  to  meet  an  emergency,  there  would  be  no  objection  to  such 
a  procedure. 

The  most  of  the  ships,  however,  which  would  go  through  that  canal, 
the  great  bulk  of  them,  up  to  sizes  exceeding  any  ships  that  are  now 
engaged  in  the  South  American  trade,  or  even  in  the  oriental  trade, 
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would  go  through  that  canal  at  a  speed  of  6  to  8  miles  an  hour;  and 
small  ships,  of  course,  at  a  greater  speed. 

Senator  Simmons.  Mr.  Burr,  you  only  spoke  about  the  length  of 
time  it  would  require  a  ship  to  pass  through  the  sea-level  canal.  Will 
you  now  please  explain  as  to  the  lock  canal  ? 

Mr.  BuBR.  The  time  required  to  pass  through  the  lock  canal  is  a 
matter  of  estimation.  It  is  maintained  by  tne  minority  that  the 
largest  ships  could  pass  through  the  lock  canal  quicker  than  through 
the  sea-level  canal ;  but  they  admit  that  that  would  not  be  tiie  case 
with  the  smaller  ships,  or  possibly  the  bulk  of  vessels  which  would 
go  through  the  canal.  I  doubt  the  accuracy  of  that  estimate  myself ; 
and  I  doubt  it  for  reasons  which  I  shall  give  in  detail  when  we  get  to 
ihat  type  of  canal.  With  either  type  of  canal,  however,  a  ship  can  get 
through  quickly  enough  for  any  aemand  of  commerce.  It  has  always 
seemed  to  me  that  any  small  difference — and  the  difference  is  only 
small — ^between  the  time  of  passage  with  either  one  type  or  another, 
is  of  entirely  secondary  importance,  whether  a  ship  goes  through  an 
hour  quicker  than  another  or  not,  except,  possibly,  m  the  case  of  a 
fleet  in  time  of  emergency. 

Senator  Simmons.  You  mean  to  say,  then,  taking  into  considera- 
tion the  loss  of  time  at  the  locks,  that  the  difference  in  time  required 
would  not  be  very  great  ? 

Mr.  Burr.  It  would  not  be  very  ffreat.  I  believe,  as  a  broad  state- 
ment, that  the  ships  would  go  through  the  sea-level  canal  more 
quickly  than  they  would  through  the  lock  canal,  but  the  difference 
would  be  small  and  of  no  special  consequence. 

Senator  Morgan.  Mr.  Burr,  the  two  plans  as  laid  down  or  de- 
scribed in  the  reports  here  start  the  canal,  whether  it  be  a  sea-level 
canal  or  a  lock  canal,  in  the  Bay  of  Limon,  not  at  Colon. 

Mr.  Burr.  The  Board  was  unanimous,  I  think,  that  the  best  en- 
trance is  to  go  straight  in  from  the  Bay  of  Limon,  instead  of  going 
around  that  curved  entrance,  although  that  curved  entrance  leads  to 
an  inner  harbor  of  great  value  and  would  always  be  used  as  a  harbor. 

Senator  Morgan.  I  understand  that.  That  is  not  to  be  thrown 
away.  One  is'  to  be  for  the  accommodation  of  commerce  and  for 
the  Panama  country  and  the  other  for  the  canal  purposes  exclusivel3\ 

In  digging  the  sea-level  canal  between  Gamboa  and  the  Bav  of 
Limon  you  would  enter  toward  the  east  and  would  work  toward  the 
south  ? 

Mr.  Burr.  Yes. 

Senator  Morgan.  And  you  would  expect  to  do  a  large  part  of  that 
with  dredges? 

Mr.  Burr.  Yes,  sir ;  it  could  be  attacked  at  various  points. 

Senator  Morgan.  I  know  it  could  be,  but  the  dredging  work  would 
be  the  cheapest? 

Mr.  Burr.  Yes,  sir.  But  I  mean  you  could  attack  it  at  various 
points  with  dredges,  even.  You  would  not  be  limited  to  one  end  to 
work  in. 

Senator  Morgan.  You  mean  you  would  use  the  waters  of  the 
Chagres  River  for  floating  the  dredges? 

Mr.  Burr.  Yes ;  and  the  partially  completed  canal.  There  is  about 
13  or  14  miles  of  partially  completed  canal. 

Senator  Morgan.  That  reaches  up  to  Bohio,  does  it  not? 

Mr.  Burr.  Practically  to  Bohio — not  quite. 
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S^mtor  Morgan.  You  would  run  your  dredges  in  those  channels 
and  get  the  water  jErom  the  Chagres  Biver  or  wnerever  you  found  it, 
Deoessary  to  float  them? 

Mr.  BxTBR.  Yes.    It  is  Chagres  water  entirely. 

Senator  Morgan.  And  when  you  came  to  the  bed  of  the  Chag^res 
River  you  would  keep  right  along  in  the  bed  of  the  river,  dredging 
that  out,  on  up  toward  Bohio? 

Mr.  BiTRB.  1  would. 

Senator  Morgan.  Would  it  be  necessary  to  divert  the  Chagres 
River  in  order  to  work  those  dredges  successfully? 

Mr.  Burr.  Not  at  all. 

S«[iator  Morgan.  You  would  expect  to  take  the  river  course,  if 
it  was  coincident  with  the  canal  line,  and  work  right  on  as  if  the 
river  was  not  there? 

Mr.  Burr.  Yes,  sir. 

Senator  Morgan.  Preferring  that  it  should  be  there? 

Mr.  Burr.  Yes,  sir;  it  is  an  advantage  to  have  it  there. 

Senator  Morgan.  I  say,  preferring  that  it  should  be  there? 

Mr.  "Burr.  Yes,  sir. 

Senator  Morgan.  The  dump  from  those  dredges,  I  suppose,  would 
be  disposed  of  in  these  marshy  places  there? 

Mr.  Burr.  It  would  be  disposed  of  in  those  marshes. 

Senator  Morgan.  And  in  these  dumps  did  you  propose  to  divert 
these  smaller  streams? 

Mr.  Burr.  A  little  of  it  would  be  used  there;  but  it  would  take  a 
very  small  volume  to  do  that;  and  the  probability  is  that  not  much  of 
the  excavation  from  the  canal  prism  would  be  used  for  such  a  pur- 
pose. It  would  be  practically  all  waste.  That  near  Colon  would  be 
used  to  fill  up  the  town  of  Colon. 

Senator  Morgan.  Then,  you  would  not  find  it  necessary,  if  I  under- 
stand it— and  I  think  that  is  a  very  important  inquiry— you  would 
not  find  it  necessary  to  build  the  dam  at  Gamboa  until  you  had 
dredged  up  to  the  vicinity  of  Obispo? 

Mr.  Burr.  I  would  not  wait  for  that  The  dam  at  Gamboa  should 
be  commenced  at  once. 

Senator  Morgan.  Very  ^ood ;  but  you  would  not  find  any  necessity 
for  it  in  the  matter  of  conducting  the  work  until  you  had  dredged  up 
to  the  vicinity  of  Obispo  ? 

Mr.  BuRR."^  It  woula  not  be  necessary,  but  there  would  be  advan- 
tages in  building  it  at  the  earliest  practicable  date. 

Benator  Morgan.  What  would  they  be  ? 

Mr.  Burr.  In  the  first  place,  it  would  give  you  power. 

Senator  Morgan.  Oh. 

Mr.  Burr.  And  the  quicker  you  complete  that  dam  the  sooner  you 
will  control  the  floods  oi  the  Chagres ;  and  it  would  be  better  to  have  a 
uniform,  moderate  flow  of  the  (jnagres  River  when  you  are  at  work, 
along  it  than  to  have  the  floods. 

Senator  Morgan.  In  the  matter  of  construction  of  the  dam,  both 
to  the  south  of  Gamboa  and  to  the  north  of  it,  you  would  use  the  water 
of  the  Chagres  River  for  floating  the  dredges,  and  you  would  use  the 
railway  from  the  heights  there  to  haul  your  dump  m,  and  you  would 
want  to  put  your  dam  there  the  first  thing  you  did,  or  the  core  of  it, 
and  cover  it  m  with  this  dump  ? 

Mr.  Burr.  Yes,  sir. 
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Senator  Morgan.  Is  that  the  method  you  have  in  mind  ? 

Mr.  BuBB.  That  would  be  a  very  natural  procedure,  but  there  are 
many  advantages  in  having  that  dam  built  as  quickly  as  it  is  feasible 
to  build  it. 

Senator  Morgan.  So  that  would  be  one  of  the  first  works  to  be 
started? 

Mr.  Burr.  Yes,  sir;  or  should  be. 

Senator  Morgan.  And  when  you  got  it  so  that  it  would  hold  water 
and  all  that  you  would  commence  dimipinff  into  it? 

Mr.  Burr.  I  would.  In  fact,  I  shoiud  not  wait  until  then.  I 
should  commence  dumping  just  as  soon  as  the  state  of  the  masonry 
core  wall,  if  it  is  built  that  way,  would  permit. 

Senator  Morgan.  And  the  spoil  would  come  from  the  direction  of 
Culebra  ? 

Mr.  Burr.  The  spoil  would  come  from  that  direction.  I  must 
necessarily  speak  oi  this  conditionally,  because  the  chief  engineer 
might  find  that  he  could  get  material  close  by,  not  from  the  canal 
prism,  which  he  could  dump  into  this  dam  to  make  its  mass  cheaper 
than  he  could  bring  spoil  from  Culebra. 

Senator  Morgan.  The  other  point  I  want  to  get  at  was  this,  in  re- 
gard to  the  present  situation  of  the  work:  Are  you  working  steam 
shovels  on  both  sides?  Take  the  Culebra  cut  there  as  the  center;  do 
you  work  out  with  steam  shovels  in  the  direction  of  the  Pacific  and 
also  in  the  direction  of  the  Atlantic? 

Mr.  Burr.  No,  sir.  There  has  been  no  excavation  as  such  from 
the  Culebra  cut,  unless  it  has  been  done  very  lately,  for  several 
months.  In  October  when  we  were  there,  there  was  no  excavation 
being  made.  The  shovels  were  practically  idle.  There  was  a  little 
excavation  being  made  for  the  purpose  of  laying  some  tracks,  but 
the  experimental  shovel  work  which  was  begun  a  year  and  a  half 
ago  was  abandoned  last  July,  and  no  excavation  has  been  resumed 
since,  as  I  understand  it,  unless  it  has  been  done  very  lately. 

Senator  Morgan.  Where  is  the  dump  or  spoil  bank  oi  the  work 
that  has  been  done  there  before? 

Mr.  Burr.  There  are  several  of  them.  Senator.  There  are  three 
main  spoil  banks — one  called  the  Larejo  spoil  bank,  which  is  at  a 
marsh  about,  I  should  say,  a  mile  from  the  center  of  the  Culebra  cut, 
or  three-quarters  of  a  mile 

Senator  Morgan.  North  or  south? 

Mr.  Burr.  Northeast;  or  I  do  not  know  but  it  is  more  nearly 
north,  is  it  not.  General  ? 

General  Davis.  It  is  about  north-northeast.  It  is  the  head  of  the 
Obispo. 

Mr.  Burr.  Both  the  old  and  the  new  Panama  Canal  companies 
used  that  for  a  long  time.  Then  there  is  a  small  dump  which  was 
.used — about  half  a  mile,  I  suppose,  from  the  deepest  part  of  the 
Culebra  cut,  on  the  other  side  of  the  railroad  track — but  that  is  a 
very  small  one.  Then  quite  a  large  volume  of  waste  material  has 
been  carried  to  a  dump  or  dumps  toward  the  Pacific  in  the  Rio 
Grande  Valley,  within  half  a  mile  of  the  southern  end  of  the 
Culebra  cut. 

Senator  Morgan.  On  that  side  of  the  work  you  work  with  shovels 
as  well  as  you  do  on  the  north  side  ? 
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Mr.  BuBR.  You  would,  after  the  work  was  begun,  naturally  work 
with  shovels  on  the  north  end  as  well  as  the  south  end. 
Senator  Morgan.  You  would  ar 


Mr.  Burr.  You  would  approach  the  two  faces. 

Senator  Morgan.  And  work  in  both  directions? 

Mr.  Burr.  And  work  in  both  directions. 

Senator  Morgan.  That  is  all  I  want  to  know  about  it. 

Senator  Ejettredge.  I  sug^t  that  we  take  an  adjournment  until 
to-morrow  morning,  Mr.  Chairman. 

(The  committee  thereupon  adjourned  until  to-morrow,  Thursday, 
March  8, 1906,  at  10.30  o'clock  a.  m.) 
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Committee  on  Interogeanig  Canals, 

United  States  Senate, 
Washington^  D.  C,  Thursday^  March  5, 1906. 
The  oommittee  met  at  10.30  o'clock  a.  m. 

Present:  Senators  Millard  (chairman),  Kittredge,  Ankeny,  Mor- 
gan^ and  Taliaferro. 

STATEMEHT  OF  WILLIAM  H.  BTTBS,  ESQ.— Continued. 

Senator  Eottredge.  Mr.  Burr,  before  you  leave  the  subject  that 
you  were  presenting  to  us  yesterday  afternoon  I  would  like  to  have 
your  views  upon  the  question  of  unit  prices  adopted  by  the  Commis- 
sion and  by  the  minority,  if  you  please. 

Mr.  BuBR.  The  unit  prices  used  in  both  the  majority  and  minority 
reports  were  fixed  by  tne  Board  as  a  whole— that  is,  they  were  con- 
curred in  bv  both  the  majoritv  and  the  minority. 

Senator  MoftOAN.  For  all  classes  of  work? 

Mr.  BuBR.  For  all  classes  of  work. 

Senator  Morgan.  Dredging  and  blasting  and  digging  and  all? 

Mr.  BxTBR.  The  whole  of  it ;  everything. 

Senator  Morgan.  And  hauling?  ^  ^ 

Mr.  Burr.  Every  item  of  that  statement  was  concurred  in  by  the 
entire  Board. 

Senator  Morgan.  Very  good.  So  that  you  had  no  trouble  about 
applying  the  unit  to  the  work  ? 

Mr.  Burr.  None  whatever.  There  were  differences  of  opinion  in 
the  Board.  I  believe  that  some  of  those  unit  prices  are  too  high, 
and  I  so  stated  when  we  were  discussing  that  matter ;  but  I  concurred 
in  the  schedule  as  being  the  best  that  could  be  arrived  at  under  the 
circumstances,  and  believed  that  any  errors  involved  in  their  use 
would  be  on  the  safe  side — that  is,  that  they  would  make  the  work 
apparently  cost  more  than  in  my  judgment  it  actually  will  cost  in 
construction. 

Senator  Taliaferro.  The  Board  undertook,  however,  Mr.  Burr, 
to  arrive  as  nearly  as  possible  at  the  exact  cost  of  this  work  upon 
which  they  agreed  on  the  unit  prices? 

Mr.  Burr.  They  did.  The  work  was  referred  to  a  special  com- 
mittee, and  of  course  every  member  of  the  Board  also  took  great  in- 
terest in  it  and  gave  it  a  (iireful  study.  It  was  a  piece  of  work  that 
was  done  with  the  most  earnest  attempt  to  ascertain  prices  which 
would  truly  represent  the  cost  of  the  various  classes  of  material  and 
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work  involved.  Such  results  are  always  more  or  less  of  a  compro- 
mise in  a  body  of  nine  men. 

Senator  Kittredge.  There  were  thirteen  men  in  this  Board. 

Mr.  Burr.  I  should  have  said  thirteen.  I  had  the  number  of  the 
old  Commission  in  mind  instead  of  the  new  Board. 

Senator  Morgan.  I  would  like  to  ask  you  a  question  right  there. 
In  applying  these  unit  prices,  upon  which  you  all  agreed  for  the 
work  to  be  done,  you  then  ascertained,  I  suppose,  the  cubic  measure- 
ment of  what  you  considered  to  be  the  diflferent  varieties  of  work 
that  would  have  to  be  done — for  instance,  rock  work,  earth  work, 
and  dredging? 

Mr.  Burr.  We  did — with  great  care. 

Senator  Morgan.  You  did  not  preserve  the  data  laid  before  the 
Commission  as  to  those  estimates  of  the  different  varieties  of  work 
which  was  required  to  be  done  ? 

Mr.  Burr.  No;  not  the  details  of  all  the  quantities  which  many 
of  the  individual  members  of  the  Board  used.  We  have  the  details 
of  the  main  computations. 

Senator  Morgan.  Did  you  disagree  in  regard  to  the  main  compu- 
tations? For  instance,  as  to  the  amount  of  dredging,  the  amount  of 
rock  work,  and  the  amount  of  earth  work. 

Mr.  Burr.  Not  to  any  material  extent. 

Senator  Morgan.  You  agreed  pretty  harmoniously  upon  those  com- 
putations? 

Mr.  Burr.  Yes. 

Senator  Morgan.  And  as  to  how  much  of  each  kind  of  work  would 
have  to  be  done? 

Mr.  Burr.  We  did. 

Senator  Morgan.  I  merely  wanted  to  know  about  that.  In  arriv- 
ing at  those  estimates  did  you  take  the  French  surveys  and  the 
French  borings  as  a  basis  or  the  American  ? 

Mr.  Burr.  Our  main  data  were  those  obtained  from  American 
engineers  and  the  results  of  American  surveys.  We,  however,  gave 
Weight  to  all  the  information  which  we  had,  including  the  results  of 
surveys  and  borings  and  other  similar  investigations  made  by  the 
French  companies;  but  our  main  data  were  those  which  have  been 
obtained  unaer  the  American  regime. 

Senator  Morgan.  In  ascertaining  what  was  below  the  surface,  of 
course  it  is  conceded  that  you  had  to  rely  upon  borings  more  than 
upon  anything  else? 

Mr.  Burr.  You  may  say  practically  all  the  borings  were  made  since 
the  American  occupation  and  by  American  engineers. 

Senator  Morgan.  Do  you  consider,  now,  that  those  borings  were 
altogether  sufficient  to  enable  you  to  form  a  correct  judgment  as  to 
the  different  varieties  of  work  that  you  would  have  to  do,  and  the 
quantities  of  it  that  would  have  to  be  done  ? 

Mr.  Burr.  For  all  practical  purposes. 

Senator  Morgan.  They  are  reliaole? 

Mr.  Burr.  They  are  reliable. 

I  want  to  speak  for  a  moment  about  one  item,  as  it  has  been  criti- 
cised in  different  quarters,  and  that  is  the  cost  of  removing  rock  under 
water,  and  the  cost  of  all  material  below  the  elevation  of  plus  10, 
in  the  Culebra  cut. 

Senator  Kittredge.  What  do  you  mean  bv  "  plus  10?  " 
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Mr.  BuKR.  Plus  10  means  10  feet  above  mean  sea  level. 

Senator  Morgan.  Above  mean  sea  level  ? 

]^fr.  BuHR.  Yes.    Plus  10  means  that. 

Senator  Morgan.  That  is  the  highest  range  of  the  spring  tides? 

Mr.  Burr.  No,  Senator.  This  has  no  reference  to  the  range  of 
spring  tides. 

Senator  Morgan.  Yes. 

Mr.  Burr.  It  was  an  arbitrary  elevation  below  which  it  was  the 
judgment  of  the  Board  that  the  work  would  cost  more  than  that 
above  it. 

Senator  Morgan.  Yes. 

Senator  Taliaferro.  In  arriving  at  Iho  mean  level,  you  take  into 
consideration  the  extremes  of  the  tides,  do  you  not? 

Mr.  Burr.  Yes;  we  did,  in  fixing  that  datum.  The  mean  sea  level 
is  the  same  on  both  sides  of  the  Isthmus,  and  it  is  the  mean  between 
extreme  hirfi  and  extreme  low  water. 

Senator  Taliai-erro.  Yes. 

Mr.  Burr.  The  cost  of  rock  removed  under  water  at  $2.50  a  cubic 
yard  conforms  well  with  the  general  range  of  prices  for  that  class  of 
work  in  this  country.  There  are  improved  means  of  taking  rock  out 
under  water  which  may  and  probably  will  reduce  that  unit  cost. 
That  was  one  of  the  unit  costs  which,  in  my  mind,  was  taken  too 
high;  but  I  concurred  in  the  judgment  of  the  Board,  and  I  stand 
by  it.  • 

At  the  present  time  there  is  a  large  contract  in  progress  involving 
the  excavation  of  about  2,000,000  cubic  yards  of  hard  sandstone  rock, 
I  think,  in  the  St.  Marys  River,  which  is  being  done  at  $1.36  per 
cubic  yard.  That  is,  it  is  rock  under  water,  strictly  speaking,  out 
the  contractor  is  taking  it  out  by  putting  a  dam  across  the  St.  Marvs 
River  above  and  below  the  location  of  the  rock,  unwatering  tne 
inclosure,  and  actually  taking  the  rock  out  in  the  dry.  But  when  the 
contract  was  awarded  it  was  rock  under  water,  and  its  cost  is  $1.36 
per  cubic  yard. 

Rock  is  being  taken  out  under  water  in  Europe  at  the  present  time 
with  what  is  known  as  the  Lobnitz  chisel,  which  is  a  great  steel  bar 
with  one  end  sharpened  in  the  form  of  a  chisel,  weiring  15  or  20 
tons,  perhaps,  for  from  50  to  70  cents  per  cubic  yard,  where  the  cost 
of  labor  is  much  less  than  it  is  in  this  country.  The  Lobnitz  chisel 
has  been  used  to  some  extent  in  this  country,  but  has  not  so  far  been 
found  a  commercial  success,  although  I  believe  that  is  due  not  to  any 
lack  of  excellence  in  the  method,  but  probably  to  lack  of  proper  man- 
agement of  the  work.  However  that  may  be,  $2.50  per  cubic  yard  is 
certainly  a  most  generous  price  for  the  removal  of  rock  under  water 
on  the  Isthmus.    I  believe  it  can  be  done  for  materially  less  than  that. 

The  other  item  which  has  been  criticised  is  the  unit  price  of  $1.25 
per  yard  for  all  material  below  the  elevation  of  plus  10,  or  a  plane 
10  feet  above  mean  tide  in  the  Culebra  cut.  That  price  was  agreed  to 
by  the  entire  Board.  It  was  not  a  majority  price;  it  was  not  a  mi- 
nority price;  it  was  a  price  fixed  upon  by  the  entire  Board,  and  it 
was  done  in  view  of  the  possibility  of  taking  out  some  rock  under 
water  in  the  lowest  part  or  the  cut  below  sea  level,  and  in  view  of  the 
further  fact  that  the  rock  near  the  bottom  of  the  cut  is  harder,  as  a 
whole,  than  that  above  it.    It  was  the  judgment  of  the  Board  that 
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the  difficulties  which  would  arise  below  that  plane  were  such  as 
would  justify  that  price  and  would  be  covered  by  it,  while  the  price 
of  the  excavation  above  plus  10  is  80  cents  per  cubic  yard.  I  nave 
no  idea  that  any  rock  in  the  lower  part  of  the  Culebra  cut  will  ever 
be  taken  out  under  water.  I  know  of  no  reason  to  suppose  that  it 
will  be. 

Senator  KiTTREDGE.  Why? 

Mr.  Burr.  Because  contractors  in  this  country  and  everjrwhere 
else  pump  out  such  pits  or  deep  excavations,  if  any  water  gets  into 
them,  and  do  the  work  in  the  dry,  which  is  much  clbeaper  and  much 
quicker.  It  is  a  constant  practice,  and  I  know  of  no  reason  to 
suppose  that  there  would  be  any  troublesome  amount  of  water  in  the 
bottom  of  that  excavation.    There  would  be  some  doubtless,  but 

Senator  Kittredge.  Are  conditions  in  the  Culebra  cut  favorable 
for  doing  work  in  that  manner? 

Mr.  Burr.  They  are.  They  are  very  favorable;  and,  further,  the 
price  of  $1.25  is,  to  a  certain  degree,  a  combination  of  the  $2.50  price 
and  the  80-cent  price. 

(By  request  of  Senator  Morgan,  the  stenographer  read  a  preceding 
statement  of  Mr.  Burr's,  as  foflows:) 

''  I  have  no  idea  that  any  rock  in  the  lower  part  of  the  Culebra  cut 
would  ever  be  taken  out  under  water.  I  know  of  no  reason  to  suppose 
that  it  will  be." 

Senator  Morgan.  You  mean  be  taken  6ut  while  water  is  upon  it  ? 

Mr.  Burr.  I  mean  the  water  would  be  pumped  out  in  the  usual  way. 

Senator  Morgan.  Yes. 

Mr.  Burr.  And  the  rock  excavated  in  the  dry;  the  ordinary  pro- 
cedure under  such  circumstances.  - 

Senator  Morgan.  It  would  be  practically  dry  work? 

Mr.  Burr.  Yes,  sir. 

Senator  Taliaferro.  Is  not  80  cents  for  the  work  in  the  Culebra 
cut  above  plus  ten  a  very  generous  estimate — a  liberal  estimate  ? 

Mr.  Burr.  Yes.  That  was  one  of  the  unit  prices  which  I  speciallv 
contended  was  too  high.  I  believe  it  to  be  so.  The  experience  which 
has  accumulated  on  the  Isthmus  since  the  American  occupation  in  the 
use  of  our  steam  shovels  under  the  most  disadvantageous  circum- 
stances of  poor  equipment,  poor  tracks,  and  with  all  conditions 
against  them,  shows  that  the  price  of  taking  out  that  hard  rock  has 
been  as  low  as  a  little  above  40  cents.  I  think  that  80  cents  a  yard  is 
too  high.  So  that  the  estimated  cost  of  that  part  of  the  work,  for 
both  plans,  whatever  the  plan  may  be,  is  certainly  generous. 

Senator  Taliaferro.  My  recollection  is  that  Mr.  Stevens  estimated 
that  amount  at  60  cents.     I  do  not  recall  certainlv. 

Senator  Kittredge.  Was  it  not  Mr.  Wallace  that  said  that?  I  do 
not  remember. 

Senator  Taliaferro.  Was  it  Mr.  Wallace? 

Senator  Morgan.  I  have  to  go  to  the  Senate,  Mr.  Chairman,  as  it  is 
11  o'clock. 

Senator  Taliaferro.  I  have  to  go  to  a  committee  meeting,  Mr. 
Chairman,  and  if  Professor  Burr  has  reached  a  point  where  he  can 
just  as  well  stop,  I  move  that  the  committee  take  a  recess  until  11.30. 

(The  committee  thereupon  took  a  recess  until  11.30  a.  m.,  at  the  ex- 
piration of  which  the  hearing  was  continued.) 
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Senator  Kittredge.  Had  you  completed  what  you  desired  to  say 
upon  the  question  of  prices  when  we  took  the  recess? 

Mr.  Burr.  That  was  all  that  I  wished  to  say  in  answer  to  your 
question. 

Senator  Kittredoe.  Had  you  some  questions  that  you  wished  to 
ask,  Senator  Morgan? 

Senator  Morgan.  I  have  some  questions  that  I  want  to  ask  Mr. 
Burr. 

I  want  to  ask  you  a  question,  Mr.  Burr,  to  remove  a  perplexity  that 
is  in  my  mind  about  the  way  of  doing  this  work  on  the  sea-level  plan. 
That  plan  contemplates  a  depth  of  40  feet  below  sea  level  for  the 
prism  of  the  canal? 

Mr.  Burr.  It  does. 

Senator  Morgan.  And  a  very  considerable  part  of  the  length  of  the 
canal  will  pass  through  a  mountainous  region,  probably  18  miles 
long — or  a  niljy  region,  I  will  call  it? 

Mr.  Burr.  Somewhat  more  than  that. 

Senator  Morgan.  High  ridges? 

Mr.  Burr.  The  higher  ground — ^not  all  mountainous — ^but  the 
higher  ground  of  the  entire  line  covers  about  24  miles,  from  Bohio  to 
Miraflores. 

Senator  Morgan.  In  that,  of  course,  there  will  be  springs  of  water 
as  you  dig  down.     You  will  uncover  springs  of  water  ? 

Sir.  Burr.  Probably ;  as  one  usually  does. 

Senator  Morgan.  You  have  done  it  already? 

Mr.  Burr.  To  a  slight  extent  only  in  the  Culebra  cut,  so  far  as  it 
is  now  excavated ;  but  imdoubtedly  the  usual  features  of  deeper  ex- 
cavation would  be  disclosed. 

Senator  Morgan.  And  you  will  have  to  contend  with  the  water  that 
will  find  its  way  into  the  bottom  of  the  canal  from  a  rainfall  of  25 
feet  a  year  ? 

Mr.  Burr.  Oh,  no,  sir.  The  rainfall  of  25  feet  a  year  pertains  to 
Greytown,  fortunatelv,  and  not  to  Colon. 

Senator  Morgan.  About  what  would  it  be? 

Mr.  Burr.  Well,  on  the  Caribbean  side  it  is  about  125  or  130  inches 
per  year,  and  on  the  Panama  side  about  half  of  that.  At  Culebra  it 
has  some  intermediate  value  between  those  two. 

Senator  Morgan.  About  how  many  feet  a  year? 

Mr.  Burr.  I  suppose  in  the  Culebra  cut,  or  in  the  vicinity  of  Cule- 
bra, the  average  rainfall  averages  somewhere  around  100  "inches,  or 
8 J  feet    Perhaps  General  Davis  can  correct  me  on  that. 

General  Davis.  It  is  about  90  inches  at  Culebra. 

Senator  Morgan.  This  canal  prism  is  carried  to  the  level  of  40 
feet  below  sea  level  ? 

Mr.  Burr.  Uniformly. 

Senator  Morgan.  I  can  not  understand  how  you  are  going  to  keep 
the  sea  water  from  the  Bay  of  Panama  out  of  the  canal  while  you 
are  digring  it  40  feet  below'mean  sea  level,  if  you  open  your  diggings 
in  the  Bay  of  Panama  and  your  dredging,  or  whatever  it  is,  m  the 
Bay  of  Panama  and  advance  toward  the  Culebra  Heights.  What 
project  or  plan  is  there  for  keeping  the  sea  water  out  of  those  dig- 
gings while  you  are  conducting  them  down  to  40  feet  below  sea  level  ? 

Mr.  Burr.  As  I  stated  yesterday,  in  the  low  portions  of  the  line, 
between  Colon  and  Bohio,  for  instance,  and  between  La  Boca  or  the 
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tidal  lock  at  Sosa  Hill  and  Miraflores  the  presence  of  water  is  ad- 
vantageous, because  it  floats  dredges  which  can  be  used  in  taking 
out  all  the  soft  material  over  those  portions  of  the  line. 

Senator  Morgan.  I  understand  that. 

Mr.  Burr.  And  there  is  little  else  but  soft  material  between  Bohio 
and  Colon.  Between  Miraflores  and  the  deep  water  on  the  Panama 
side  there  is  a  laree  amount  of  rock  to  be  taken  out.  That  hard  rock 
may  be  excavated  in  a  number  of  different  ways,  which  would  be 
found  most  advisable  when  the  work  is  done.  That  is,  it  may  be 
blasted  under  water  and  taken  out  by  dredge  in  the  ordinary  way, 
which  would  probably  be  the  method  to  be  pursued  in  the  approach 
channel  in  Panama  Bay ;  and  between  Sosa  Hill  and  Miraflores  it  is 
probable  that  a  portion  of  the  rock  would  be  taken  out  in  the  same 
way,  and  that  other  portions  would  be  taken  out  by  building  a  dam  on 
either  side,  a  ^reat  cofferdam,  unwatering  that  and  taking  the  rock 
out  in  the  dry,3ust  as  Mac  Arthur  Brothers  are  now  doing  in  St.  Marys 
River,  at  $1.3G  a  yard,  while  we  have  allowed  $2.50  a  yard;  or  there 
may  be  other  methods  which  it  would  be  found  advisable  to  follow 
as  the  work  progresses.  That  covers  the  low  grounds  on  either  end 
of  the  canal. 

Senator  Morgan.  Up  to  Miraflores  on  the  Pacific  side  and  up  to, 
we  will  say,  Obispo  on  the  other  side? 

Mr.  Burr.  No  ;  not  to  Obispo,  but  Bohio. 

Senator  Morgan.  To  Bohio? 

Mr.  Burr.  Yes;  on  the  Caribbean  side. 

Senator  Morgan.  Very  good. 

Mr.  Burr.  Between  Bohio  and  Obispo,  or  Bohio  and  the  Culebra 
cut — ^because  that  is  where  the  Culebra  cut  begins — there  is  a  variety 
of  material.  Some  of  it  might  be  taken  out  by  dredges,  and  a  large 
portion  of  it  would  undoubtedly  be  taken  out  oy  steam  shovels,  all  in 
the  dry.  The  rock — because  there  is  a  considerable  quantity  of  rock 
between  Bohio  and  Obispo — would  be  taken  out  probably  by  making 
great  cofferdams,  if  necessary,  or  wherever  necessary,  for  the  deeper 
portions  of  those  cuts,  the  Chagres  waters  meantime  being  carried  en- 
tirely out  of  the  present  channel  of  the  river  in  diversion  channels, 
which  I  think  are  shown  on  this  map  here.  Yes;  they  are  shown  as 
mere  lines  along  here  on  one  side  of  the  Chagres  channel  [indicating 
on  map]. 

Senator  Morgan.  By  "  in  the  meantime  "  do  you  mean  while  you 
are  constructing  the  work? 

Mr.  Burr.  Yes;  while  we  are  constructing  that  portion  of  the 
canal  prism ;  and  they  are  provided  for  in  the  estimate.  That  would 
cover  all  the  line  from  Bohio  to  Obispo.  From  Obispo  to  Pedro 
Miguel  or  Miraflores  we  have  the  great  Culebra  cut  that  we  have  al- 
ready talked  about.  There  would  be  a  short  portion  at  the  southerly 
end  of  the  Culebra  cut  between  that  and  Miraflores,  a  very  short  por- 
tion, where  the  conditions  would  be  such  that  the  earth  on  the  top 
of  the  rock  would  be  taken  out  by  steam  shovels,  and  the  rock  below 
would  be  taken  out  probably  by  buildinff  small  cofferdams  or  some 
other  similar  process;  but  all  of  the  rock  below  sea  level,  if  it  is  taken 
out  under  water,  is  covered  by  the  $2.50  cubic  yard  price,  which  is 
sufficient  for  the  most  difficult  part  of  the  work  whatever  it  may  be. 

I  do  not  believe  myself  that  much  rock  between  Miraflores  and 
Obispo  w^ould  be  taken  out  under  water.    I  think  it  would  be  taken 
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out  by  blasting  and  excavating  in  th^  dry  in  the  ordinary  method. 
That  is  the  usual  procedure,  and  I  see  no  reason  whatever  why  it 
should  not  be  done  there.  Such  water  as  finds  its  way  into  the  pits 
would  be  pumped  out. 

Senator  Morgan.  In  approaching  the  elevation  which  you  marked 
from  Obispo  to  Miraflores  as  being  the  Culebra  cut — in  approaching 
that  elevation  on  the  Panama  side  or  from  the  Caribbean  side,  you 
would  approach  with  dredges? 

Mr.  Burr.  You  would  approach  with  dredges  up  to  Bohio. 

Senator  Morgan.  Up  to  Bohio  on  one  side  and  up  to  Miraflores  on 
the  other? 

Mr.  Burr.  Yes,  sir. 

Senator  Morgan.  Very  good.  Xow,  you  would  be  down  40  feet 
below  sea  level  with  those  (fredges  ? 

Mr,  Burr.  Yes,  sir. 

Senator  Morgan.  The  ocean  would  follow  you  in  ? 

Mr.  Burr.  We  should  want  it  to  for  those  portions  of  the  line. 

Senator  Morgan.  As  a  matter  of  course.  Now,  when  you  go  to 
pump  out  your  intermediate  pits,  I  will  call  them,  or  diggings,  how 
are  vou  going  to  keep  that  ocean  water  out  ? 

ifr.  Bi'rr.  By  dams,  in  the  usual  way.  It  is  an  ordinary  pro- 
cedure, constantly  resorted  to  by  engineers  and  contractors.  ^  It 
would  be  kept  out  precisely  as  MacArthur  Brothers  are  now  keeping 
out  the  waters  of  St.  Marys  River  from  that  stretch  of  channel  a  mile 
or  two  long  or  more.     I  have  forgotten  how  much  it  is. 

Senator  Morgan.  Can  you  keep  it  out  so  as  to  make  the  work  you 
are  doing  in  these  deep  cuttings  practically  dry  work? 

Mr.  Burr.  Yes,  sir;  practically  dry  work. 

Senator  Morgan.  All  the  way  through  ? 

Mr.  Burr.  Yes,  sir;  there  is  no  unusual  difficulty  presented. 

Senator  Morgan.  Are  all  the  arrangements  or  machinery,  dams 
and  cofferdams,  and  the  like,  such  as  you  have  mentioned,  and  many 
other  things  which  you  have  not  mentioned  now  because  you  can  not 
anticipate  what  will  be  needed — are  all  those  taken  into  consideration 
in  the  estimate  of  $2.50  per  cubic  yard  that  you  have  mentioned  for 
the  digging? 

Mr.  Burr.  They  are.  They  are  taken  into  account  in  every  unit 
price  which  covers  that  part  of  the  work. 

Senator  Morgan.  So  that  we  can  regard  the  $2.50  a  cubic  yard  as 
the  maximum  cost  of  all  the  work  that  is  to  be  done  in  carrying  this 
canal  down  to  40  feet  below  sea  level  ? 

Mr.  Burr.  You  can;  and  it  is  a  very  generous  estimate,  in  my 
judgment. 

^nator  Morgan.  I  did  not  have  it  clear  in  my  mind,  and  I  wanted 
to  get  it  on  the  record  in  clear  form. 

Senator  TALiArERRO.  That  is,  that  $2.50  applies  merely  to  the  rock 
work? 

Mr.  Burr.  To  rock  work  under  water. 

Senator  Taliaferro.  To  rock  work  under  water? 

Mr.  Burr.  It  applies  to  rock  taken  out  under  water. 

Senator  TALiArERRO.  The  Senator's  question  was  general,  and  the 
record  may  make  it  appear  that  the  $2.50  is  the  maximum  price  of 
the  total  work  between  the  points  he  named  instead  of  the  rock  work 
under  water. 
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Mr.  Burr.  It  is  the  maxiiQum  unit  price  per  cubic  yard  of  all 
grades  of  work  that  will  be  done  there. 

Senator  Taliaferro.  The  maximum  unit  price? 

Mr.  Burr.  The  maximum  unit  price.  It  applies  to  rock  imder 
water,  which  is  the  most  expensive  work  that  will  have  to  be  done. 

Senator  Morgan.  And  this  great  Commission  of  which  you  are  a 
member  concluded  that  $2.50  a  cubic  yard  was  a  liberal  estimate  for 
the  cost  of  all  the  work,  whether  dry  or  wet — ^that  is,  for  all  tho 
hardest  work,  the  most  expensive  work  ? 

Mr.  Burr.  It  decided  upon  that  as  a  unit  price  for  the  most  expen- 
sive work ;  yes. 

Senator  Morgan.  And  the  entire  Commission  agreed  on  that? 

Mr.  Burr.  The  entire  Commission  agreed  on  that  unit  price ;  yes, 
sir.  If  rock  is  to  be  taken  out  in  the  dry,  where  it  is  not  under  water, 
then  the  unit  price  is  $1.50  per  cubic  yard. 

Senator  Kittredge.  That  is,  the  maximum  unit  price  ? 

Mr.  Burr.  It  is  a  little  confusing  to  use  the  word  "maximum." 
Two  dollars  and  fifty  cents  is  the  maximum  of  all  the  unit  prices  con- 
templated in  this  work.    There  is  nothing  higher  than  that. 

Senator  Kittredge.  Yes. 

Mr.  Burr.  And  that  covers  rock  under  water.  If  that  same  rock 
is  taken  out  in  lock  pits,  in  the  dry,  below  elevation  minus  10,  it  is 
$1.50  per  cubic  yard.  If  it  is  taken  out  in  the  dry,  without  being  be- 
low mmus  10,  except  in  Culebra  cut,  it  is  only  $1.15,  and  so  on. 

Senator  Taliaferro.  And  the  shovel  work  ?  Just  continuing  the 
estimates,  you  might  include  the  shovel  work  in  your  answer. 

Mr.  Burr.  The  shovel  work  for  earth  in  the  dry,  except  in  Culebra, 
is  40  cents  per  cubic  yard.  In  Culebra  it  is  80  cents  per  cubic  yard, 
because  that  means  the  hardened  clay,  or  rock  in  process  of  decom- 
position, which  has  not  yet  become  soft,  or,  on  the  other  hand,  if  it  is 
clay  that  is  being  hardened,  that  has  not  yet  become  a  hard  rock. 

Senator  Taliaferro.  So  that  these  estimates  run  from  40  cents  per 
cubic  yard  for  the  easiest  shovel  work  to  $2.50  for  the  most  difficult 
rock  work  under  water  ? 

Mr.  Burr.  Yes,  sir ;  that  is  it. 

Senator  Kittredge.  Now,  Mr.  Burr,  will  you  please  give  us  your 
views  about  the  lock  plan,  as  proposed  by  the  minority  of  the  con- 
sulting board  ? 

Mr.  Burr.  The  lock  plan,  I  assume,  is  familiar  to  all  the  members 
of  the  committee,  as  including  a  summit  level  of  85  feet  above  mean 
tide  from  Gatun  to  Pedro  Miguel,  where  one  lock  of  about  28  or  29 
feet  lift,  if  I  remember  right,  brings  the  water  down  to  the  level  of 
Lake  Sosa,  with  a  flight  of  two  locks  in  series  at  Sosa  Hill  bringing 
the  level  down  to  mean  tide  in  the  Bay  of  Panama. 

Senator  Kittredge.  You  mentioned  an  elevation  of  80  feet.  Is  it 
not  85  feet? 

Mr.  Burr.  I  intended  to  say  85  feet.  If  I  said  80  feet,  I  intended  to 
say  85.  That  summit  level  is  maintained  at  the  Caribbean  end  by 
the  great  earth  dam  at  Gatim  and  by  the  lock  at  Pedro  Miguel  at  the 
other  end.  There  are  three  dams,  comparatively  short,  one  on  either 
side  of  Sosa  Hill  and  one  between  Ancon  Hill  and  Corozal,  the  eleva- 
tion of  the  surface  of  the  water  in  Sosa  Lake  being  55  feet,  if  I  re- 
member correctly,  ^bove  mean  tide. 
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Perhaps  the  most  prcHninent  feature  of  the  plan  is  the  earth  dam  at 
(jratmif  with  the  flight  of  locks  of  J^ree  in  series  in  that  structure- 
There  are  some  features  of  the  construction  of  that  dam  which, 
while  not  being  absolutely  new,  make  it  an  untried  structure  under 
such  circumstances  as  those  found  at  its  location.  They  are  features 
which  I  have  already  criticised  to  the  Board,  and  I  shall  state  my 
objections,  if  it  is  agreeable  to  the  committee,  at  this  time. 

The  Chair3ian.  That  is  what  we  want,  sir. 

Mr.  Burr.  The  project  of  a  dam  at  Gatun  is  a  very  old  one.  In 
fact,  it  was  first  broached  at  the  International  Scientific  Congress  held 
at  Paris  in  1879,  and  has  been  broached  at  various  times  since,  but 
never  seriously  considered  as  a  desirable  part  of  a  canal  project  until 
the  considerations  of  the  minority  brought  it  into  its  present  shape. 
As  you  are  aware,  the  deepest  bed  rock  found  on  the  line  of  the  dam 
is  258  feet  below  sea  level. 

Senator  Morgan.  At  Gatun  ? 

Mr.  Burr.  Yes ;  at  Gatun. 

Senator  KnTREooE.  Mr.  Stevens,  in  his  testimony,  as  I  recollect  it, 
stated  that  the  deepest  point  to  solid  rock  was  204  feet.  Is  he  in  error 
in  that  regard  ? 

Mr.  Burr.  He  must  be  in  error.  I  think  that  that  must  be  an  over- 
figrht,  because  258  feet,  as  I  remember,  is  the  exact  result  of  the  bor- 
ings.   Is  not  that  so.  General  ? 

Greneral  Davis.  Yes.  They  are  reported  by  one  of  Mr.  Stevens's 
assistants. 

Mr.  Burr.  Yes;  they  are  reported  by  Mr.  Maltby,  one  of  Mr. 
Stevens's  assistants.  I  am  not  m  error  in  the  recollection  that  it  is 
258  feet.    That  is  the  actual  depth. 

Senator  Kittredge.  And  the  records  so  show  it? 

Mr.  Burr.  Yes,  sir ;  and  the  records  so  show  it.  If  Mr.  Stevens 
mentioned  2(H  feet  I  think  that  must  have  been  an  oversight;  258  feet 
is  certainly  correct.  I  was  looking  at  the  section  this  morning,  and 
I  am  inclined  to  think  that  that  figure  is  shown  on  a  profile  m  the 
minority  report.  If  the  committee  will  pardon  me  a  moment,  it  will 
not  take  more  than  a  moment  to  verify  that. 

General  Davis.  It  is  on  plate  12. 

Mr.  Burr  (referring  to  map).  It  is  258  feet — that  is,  the  actual 
figure  is  not  given,  but  it  is  more  than  250  feet,  and  carrying  out  the 
proportion  would  make  it  8  feet  more,  or  258  feet.  I  am  very  glad 
that  that  point  has  been  brought  up. 

The  subsurface  material  penetrated  by  these  borings,  which  were 
made  to  a  considerable  extent — all  the  later  ones — at  the  request. of 
the  Consulting  Board,  is  shown  on  the  profile  to  disclose  the  variety 
of  materials  which  we  find  all  up  and  down  the  Chagres  River  as 
overlying  the  bed  rock. 

Senator  Kittredge.  Is  there  a  map  w^ith  us  showing  the  character 
of  the  borings? 

Mr.  Burr.  This  profile  shows  it,  with  one  exception,  which  I 
will  mention  in  a  moment.  You  will  see  that  various  classes  of 
material  are  exhibited — clay,  clay  and  sand  and  sandy  clay  and 
gravelly  material.  The  material  is  of  varied  character,  and  it  is 
exceedingly  irre£:ular,  as  is  shown  not  only  bv  those  borings,  but  by 
the  numerous  other  borings,  for  hundreds  of  them  have  been  made 
all  along  the  Chagres,  particularly  at  Bohio,  at  Buena  Vista,  at 
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San  Pablo,  and  all  the  way  up  to  Gamboa,  even.  There  appears  to 
be  actual  confusion  in  the  way  in  ^ich  those  finer  portions  of  mate- 
rial, such  as  sand  and  clay  and  gravel,  have  been  deposited  along 
the  geological  valley  of  that  river. 

Senator  Kittredge.  What  do  you  mean  bv  the  geolo^cal  valley  ? 

Mr.  Burr.  I  mean  the  valley  that  would  appear  if  all  the  fine 
material — clay,  sand,  and  gravel — ^above  the  bed  rock  were  taken  out 
of  the  valley  of  the  Chaffres ;  the  remaininff  irregular  channel  along 
the  surface  of  the  bed  rock  is  what  we  call  the  jgeological  valley  of  the 
river.  That  has  been  gradually  filled  up  during  ages,  until  the  sur- 
face has  reached  its  present  elevation. 

Senator  Kittredge.  In  making  these  borings,  Mr.  Burr,  did  any 
water  appear  at  the  surface  ? 

Mr.  Burr.  It  did,  sir,  in  a  number  of  those  borings. 

Senator  Kittredge.  Is  it  shown  on  this  map  ? 

Mr.  Burr.  It  is  not  shown  on  that  map,  and  I  presume  it  is  through 
some  oversight.  It  is  a  very  important  detail  of  that  examination, 
and  should  oe  shown.  The  water  appeared  and  flowed  slowly  over 
the  top  of  the  pipe — ^that  is,  with  a  head  of  a'  quarter  of  an  inch  or 
half  an  inch  or  three-quarters,  as  it  might  be,  at  various  depths,  from 
32  feet  down  to  nearly  258  feet,  showing  that  permeable  material  is 
likely  to  be  found  at  practically  any  depth  below  the  surface. 

Senator  Kittredge.  Beginning  how  close  at  the  surface? 

Mr.  Burr.  Thirty-two  feet,  as  shown  bv  those  borings.  If  other 
borings  were  made,  you  would  probably  find  places  where  it  would 
appear  nearer  the  surface.     " 

Senator  Kittredge.  Did  you  have  before  you — ^and  by  you  I  mean 
the  Consulting  Board — maps  showing  the  flow  of  water  to  which  you 
have  just  referred? 

Mr.  Burr.  We  did.  Xot  all  of  those  borings  which  showed  water, 
but  some  of  them  were  made  at  the  request  of  the  Consulting  Board. 
As  fast  as  borings  were  made  and  the  data  secured,  the  results  were 
cabled  to  the  Commission  and  the  Commission  gave  them  to  the 
Board,  so  that  the  profile  was  made  showing  the  portions  of  the 
borings  within  which  the  water  appeared.  The  latter  by  some  over- 
sight have  been  left  off. 

Senator  Kittredge.  What  do  you  call  that  map?  It  is  marked 
here  "  Plate  12."  What  map  will  show  the  water  conditions  you 
have  just  mentioned? 

Mr.  Burr.  It  is  the  profile  of  the  Gatundam,  bv  Mr.  Maltby,  who 
is  the  assistant  engineer  who  did  the  work,  dated  ifovember  3, 1905. 

Senator  Kittredge.  Is  that  map  in  Washington  ? 

Mr.  Burr.  That  map  is  at  the  office  of  the  Commission,  and  is  avail- 
able. 

Senator  Kittredge.  Mr.  Chairman,  I  move  that  that  map  be  re- 
quired to  be  brought  here. 

The  Chairman.  I  supposed  there  was  such  a  map  in  that  package 
of  maps.     But  I  understand  it  is  not  there? 

Mr.  Burr.  Xo  ;  it  is  not  there.  The  plate  before  you  is  the  one  that 
should  show  the  information. 

Senator  Kittredge.  And  it  does  not  show  any  of  the  indications 
that  you  have  mentioned  at  all? 

Mr.  Burr.  Not  at  all. 
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Senator  Kittredge.  I  wish,  Mr.  Chairman,  that  that  map  oould  be 
brou^t  before  the  committee  forthwith,  so  that  we  could  have  it  for 
use  in  connection  with  Mr,  Burr's  testimony. 

(A  telephonic  message  was  sent  to  the  Conmfiission  to  furnish  the 
committee  with  the  map  referred  to.) 

Senator  Kittredoe.  Excuse  me  for  interrupting  you,  Mr.  Burr. 
Pix)ceed. 

Mr.  BuKR.  The  fact  that  the  water  flowed  gently  from  the  tops 
of  these  pipes  used  in  making  the  borings  shows  that  the  river  water 
was  in  communication  with  the  material  penetrated  by  the  pipes.  If 
it  had  been  artesian  water — that  is,  water  which  had  flowed  through 
the  earth,  through  crevices  in  the  rock,  or  in  any  other  way  from 
some  distant  and  higher  ground,  as  in  the  case  of  artesian  wells — ^it 
would  have  come  out  of  the  pipe  with  a  much  higher  head,  as  it 
ordinarily  does  with  such  wells;  but  it  simply  flowed  over  the  top 
of  the  pipe,  not  far  from  the  elevation  of  the  water  in  the  river. 

Senator  Mobgan.  You  say  "  not  far  from  the  elevation  of  the  water 
in  the  river."     You  mean  not  far  above  the  elevation  ? 

Mr.  Burr.  Not  far  above  the  surface  of  the  water  in  the  river,  I 
mean. 

That  same  result  has  been  seen  time  and  time  again  in  connection 
with  our  borings  at  the  Bohio  site  and  above.  Some  of  the  borings 
would  not  show  any  water  flowing  out  of  the  top  of  the  pipe  and 
other  borings  would  show  them.  There  is  nothing  new  about  that. 
It  is  a  rather  ordinary  feature  of  our  usual  experience  in  boring  at 
that  site ;  but  it  shows  conclusively  that  the  material  penetrated  by 
the  pipe  is  permeable,  and  that  water  from  the  river  enters  it. 

Senator  Kittredge.  Will  it  interrupt  you  if  I  ask  you  a  question, 
Mr.  Burr? 
Mr.  Burr.  Not  at  all. 

Senator  Kittredge.  Mr.  Stevens,  in  his  testimony,  said  that  the 
material  through  which  these  borings  were  made  was  impermeable. 
Mr.  Burr.  I  know  he  says  so. 

Senator  Kittredge.  Have  you  any  statement  to  make  about  that? 
Mr.  Burr.  Yes. 

Senator  Morgan.  I  hardly  think  that  is  an  entirely  accurate  state- 
ment as  to  what  Mr.  Stevens  said. 
Senator  Kittredge.  I  have  forgotten  exactly  what  he  said. 
Senator  Morgan.  He  said  that,  as  a  rule,  it  was  impermeable ;  but 
he  did  not  deny  that  there  might  be  pockets  or  places  where  it  was 
not. 

Senator  Kittredge.  I  will  change  my  question.     I  thiilk  Mr.  Burr 
has  in  mind  perhaps  what  Mr.  Stevens  said.    You  have  read  Mr. 
Stevens's  testimony  ? 
Mr.  Burr.  Not  all  of  it  yet. 

Senator  Kittredge.  Have  you  read  the  part  of  his  testimony  relat- 
ing to  that  subject  ? 
Mr.  Burr.  No;  I  have  not. 

Senator  Kittredge.  Then  I  will  withdraw  the  question,  tempo- 
rarily. 

Mr.  Burr.  I  have  understood  that  he  made  that  statement,  how- 
ever.   But  that  is  a  mere  understanding.  . 

There  is*  however,  this  statement  in  the  report  of  the  minority, 
and  I  think  it  must  be  due  to  an  oversight :  "  In  the  upper  200  feet 
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some  of  the  later  borings  show  fine  sand,  while  other  borings  near 
by  show  clay  at  the  same  depths,  indicating,  as  do  previous  borings, 
that  the  upper  200  feet  is  practically  impervious  material." 

Senator  Morgan.  That  is  what  Mr.  Stevens  said :  "  Practically," 
not  absolutely. 

Mr.  Burr.  The  results  of  these  borings  which  show  water  coming 
up  through  this  material  from  depths  or  32  feet  all  the  way  down  to 
258  feet  are  directly  at  variance  with  this  statement.  Of  course 
water  could  not  appear  if  the  material  were  impermeable.  The  fact 
that  water  does  now  through  it  and  into  the  pipes  and  out  of  the 
tops  of  these  pipes  is,  of  course,  conclusive  evidence  that  it  is  per- 
meable.    I  think  that  that  must  be  due  to  an  oversight. 

Further,  the  statement  is  made:  ''There  was  an  outflow  from 
several  of  the  borings  which  penetrated  the  gravelly  material  in  the 
bottom  of  the  deep  gorge,  •  although  the  tops  of  the  casings  were 
above  the  surface  oi  the  river." 

I  do  not  know  exactly  what  that  sentence  means,  but  it  seems  to 
indicate  that  the  water  only  flowed  from  the  gravelly  material  in 
the  bottom  of  the  deep  gorge.  If  that  was  the  intention  of  the 
statement,  it  is  without  foundation,  because,  as  you  will  see  when  you 
cet  this  profile,  the  water  flows  through  material  practicallv  anywhere 
from  32  feet  nearly  down  to  258  feet,  and  doubtless  if  other  borings 
were  made  in  sufficient  number  water  would  be  found  at  an  elevation 
above  32  feet  below  the  surface,  as  it  has  been  at  other  places. 

I  think  that  is  a  very  important  point  in  discussing  the  safety  of 
this  proposed  CTeat  dam — a  very  important  point.  The  results  of 
these  borings  sTiow  that  that  material  is  permeable,  just  as  similar 
borings  show  that  the  material  is  also  permeable  at  the  Bohio 
site.  There  is  this  difference,  however,  that  the  permeable  material 
at  the  Bohio  site  and  above  the  Bohio  site  is  coarser. 

Senator  Morgan.  Part  of  it  is  wood  ? 

Mr.  Burr.  Part  of  it  is  wood,  down  at  the  Gatun  site;  yes. 

Senator  Morgan.  And  at  the  Bohio  site,  too? 

Mr.  Burr.  And  at  the  Bohio  site  also ;  but  it  is  coarser,  as  a  whole, 
at  Bohio  and  above  Bohio  than  it  is  below.  That  is  for  the  obvious 
reason  that  when  material  is  brought  down  by  the  river  current  and 
settles  upon  this  lower  ground  the  coarser  material  will  be  dropped 
higher  up  the  river,  where  the  velocity  begins  to  decrease,  while  the 
finer  material  will  be  carried  farther  down  until  the  greater  breadth 
of  channel  decreases  the  velocity,  and  causes  the  finer  material  to 
settle.  But  it  is  to  be  observed  that  at  this  dam  site  at  Gatun  there  is 
a  narrowing  of  the  river  valley,  so  that  in  geologic  times  past,  when 
this  deposition  was  taking  place,  the  current  in  that  contracted  sec- 
tion was  much  higher  than  in  the  wider  part  of  the  lake  shown  up- 
stream. 

Senator  Morgan.  You  mean  the  speed  of  the  current  ? 

Mr.  Burr.  The  speed  of  the  current;  so  that  there  naturally 
would  not  be  as  much  fine  material  deposited  at  the  dam  site  as 
either  above  it,  in  the  wider  portions  of  the  lake,  or  below  it.  But 
however  that  may  be,  it  is  albsolutely  certain  that  the  results  of  these 
borings  show  the  material,  or  a  very  large  portion  of  the  material,  to 
be  permeable. 

Senator  Morgan.  Let  me  ask  you  this  question  right  there,  if  you 
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olcase:  Is  it  your  view  of  the  geological  gulch  of  which  you  have 
been  speaking  that  it  widens  as  it  approaches  the  sea  ? 

IJ^.  BuKR.  ^ot  necessarily,  but  that  is  usually  the  case. 
•     Senator  Morgan.  But  did  the  borings  that  you  examined  show  that 
that  gulch  widens  ? 

Mr.  Burr.  Yes ;  it  is  wider  up  in  the  wider  parts  of  the  lake  than 
it  is  at  Gatun,  for  instance,  and  it  is  wider  in  the  wider  part  of  the 
lake  than  it  is  at  Bohio  and  above  Bohio;  but  it  is  very  irregular. 
The  geologic  valley,  so  to  sjpeak,  was  very  wide  through  here.  It 
narrowed  down  at  Gatun.  These  high  hills  are  points  of  rock  stick- 
ing up,  covered,  of  course,  with  clay  and  vegetation;  and  so  it  is 
with  all  this  high  ground.  But  the  geologic  valley,  so  to  speak,  was 
comparatively  wnde  halfway  between  Gatun  and  Bohio,  but  narrow 
at  both  Gatun  and  Bohio. 

Senator  Morgan.  Is  it  your  idea  that  that  was  originally  an  arm 
of  the  sea  running  up  as  high  as  Gamboa  ? 

Mr.  Burr.  Probably,  but  we  do  not  know.  The  elevation  of  the 
entire  Isthmus,  geologists  think,  has  changed  from  one  age  to  an- 
other, so  that  we  do  not  know  how  far  up  the  sea  may  have  gone. 
But  undoubtedly  it  had  a  very  different  delimitation  inland  from 
that  which  it  now  has. 

Senator  Morgan.  Have  you  ever  seen  any  sharks'  teeth  that  were 
found  between,  say,  Gamboa  and  Miraflores  ? 

Mr.  Burr.  I  have  not  seen  them ;  I  have  heard  of  them. 

Senator  Morgan.  You  remember  that  Colonel  Ernst  saw  them  and 
found  them  ? 

Mr.  Burr.  Yes;  I  think  he  did.  I  had  forgotten  that  for  the 
moment. 

Senator  Morgan.  He  found  them  40  feet  or  50  feet  above  sea  level. 

Mr.  Burr.  We  have  seen  even  more  remarkable  appearances  in 
some  parts  of  the  Rocky  Mountains,  two  or  three  thousand  feet  above 
sea  level ;  we  have  there  evidences  of  sea  action  and  ancient  sea  life. 

The  very  fact  that  this  material  filling  the  geologic  valley  is  of  an 
irregular  character — some  impervious  clay,  some  mixture  of  sand 
and  clay,  and  others  of  open  sand,  such  as  that  penetrated  by  these 
borings — ^is,  to  my  mind  at  least,  demonstrative  evidence  that  water 
may  find  its  way  through  material  under  a  dam  of  that  character, 
with  a  head  of  85  feet  above  it,  which  is  equivalent  to  a  pressure  of 
not  far  from  40  pounds  per  square  inch. 

It  is  proposed  to  build  this  dam  by  simply  cleaning  off  the  surface 
material  and  then  spreading  the  earth  suitably  selected  from  the 
canal  excavation  in  layers,  and  so  building  it  up  to  a  height  of  135 
feet,  making  its  base  something  like  a  half  a  mile  wide.  In  my  judg- 
ment that  is  a  dangerous  experiment  upon  a  colossal  scale  which  this 
Government  is  not  justified  in  undertaking.  I  wish  to  say  at  this 
point  that  I  have  no  objection  to  an  earth  dam  anywhere  under 
suitable  conditions.  In  fact,  I  think  it  is  a  most  valuable  type  of 
structure,  and  I  do  not  see  why  an  earth  dam  may  not  be  built  of 
any  height  if  properly  designed  and  founded.  But  in  all  cases  it  is 
my  clear  judgment — and  that  based  upon  years  of  experience  in  con- 
nection with  the  underground  flow  of  water — ^that  suitable  means 
should  be  taken  absolutely  to  prevent  anything  like  flow  through  the 
permeable  material  under  the  dam ;  and  no  such  means  are  provided 
m  this  design. 
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The  means  of  accomplishing  that  end  may  take  a  variety  of  shapes. 
It  may  be  a  masonry  core  wall,  if  the  bed  rock  is  not  too  deep; 
and  that  is  a  conmion  type  of  construction  in  this  country.  There 
are  many  such  dams.  A^ain,  abroad,  that  core  wall,  instead  of  * 
being  of  masonry,  is  sometmies  of  puddled  clay ;  but  that  is  equally 
effective  to  prevent  any  subsurface  flow  of  water.  In  this  country 
we  have,  within  the  past  few  years,  constructed  dams  in  some  locali- 
ties without  either  a  masonrv  core  wall  or  a  clay  core  under  con- 
ditions which  justified  that  kind  of  construction;  and  those  dams 
have  stood  satisfactorily.  On  the  other  hand,  we  have  a  record  of 
numerous  failures  of  earth  dams  from  water  getting  through  them 
and  under  them,  sometimes  through  them  along  a  pipe  laid  in  the 
embankment,  and  sometimes  by  finding  its  way  under  the  dams  in 
precisely  the  manner  that  I  should  apprehend  might  take  place  in 
this  case.     There  are  numerous  instances  of  that  kind. 

Senator  Kittredge.  Can  you  give  us  one  or  two? 

Mr.  Burr.  I  should  have  made  a  record  of  some  of  those  dams,  and 
I  think  I  have  a  note  of  them. 

A  very  complete  account  of  some  of  those  cases  is  found  in  a 
paper  by  Mr.  William  R.  Hill,  in  the  proceedings  of  the  American 
Waterworks  Association  for  1902.  One  instance  is  that  of  the  Mill 
River  reservoir  dam,  at  Williamsburg,  Mass.,  which  gave  way  on 
May  16,  1874.  It  was  an  earth  dam,  with  a  masonry  core  wall  43 
feet  high — about  one-half  the  depth  of  water  which  would  exist  in 
this  dam.  Its  area  was  114  acres.  One  hundred  and  forty  lives  were 
lost,  and  about  a  million  dollars'  worth  of  property  was  destroyed. 

That  was,  of  course,  a  much  lighter  dam  than  this,  and  I  would 
willingly  accord  all  the  additional  presumption  of  safety  to  this  dam 
which  goes  with  its  greater  mass.  But  the  failure  of  that  dam  shows 
what  may  take  place  in  this  dam  or  any  other  one  of  a  similar  char- 
acter under  similar  conditions. 

Then,  again,  there  is  a  reservoir  which  has  been  completed  for  the 
Borough  of  Brooklyn,  called  the  Milburn  reservoir,  which  I  have  in- 
spected in  the  course  of  mv  professional  work  for  the  city  of  New 
York,  which  was  completed  in  1893.  That  reservoir  was  completed 
under  engineering  specifications,  with  a  puddled  bottom,  designed 
and  put  in  place  for  the  express  purpose  oi  preventing  leakage.  Yet 
when  it  was  filled  with  43,500,000  gallons  of  water  it  all  leaked  out 
in  ten  days,  and  that  reservoir  has  never  been  in  use  since.  That 
shows  what  water  will  do  when  it  has  a  chance,  even  in  so-called  im- 
permeable material. 

As  stated  in  the  majority  report,  nothing  is  more  common  in  the 
experience  of  waterworks  engineers  than  to  observe  the  underground 
flow  of  water  through  permeable  or  semipermeable  material.  In 
fact,  many  water  supplies  depend  upon  that  flow,  such  as  the  Bor- 
ough of  ;6rooklyn  ana  many  other  cities  that  take  their  water  from 
the  deep  underground  sands  or  mixtures  of  sand  and  earth.  You 
will  find  frequently  small  passages  of  water,  some  of  them  threadlike 
in  magnitude,  almost  capillary  passages,  and  from  that  up  to  passages 
that  flow  many  gallons  a  minute.  There  are  wells  fed  by  such  water 
on  Long  Island ;  and  in  our  recent  examinations  for  a  tunnel  under 
the  Hudson  River  near  New  Hamburg  we  found  such  a  passage  by 
diamond-drill  borings,  about  260  feet,  it  I  recall  the  depth  rightly,  be- 
low the  surface. 
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Senator  Kittredge.  When  was  that,  Mr.  Burr  ? 

Mr.  BuKR.  Perhaps  two  months  and  a  half  ago;  and  those  are  not 
unconunon  experiences.  They  are  within  almost,  you  may  say,  the 
daily  experience  of  hydraulic  engineers  or  civil  engineers  engaged  in 
that  class  of  work. 

You  may  make  dams  of  sand,  even,  that  will  gradually  silt  up  and 
be  water-tight.  There  is  no  question  about  that.  You  may  put  a 
dam  of  this  character  at  this  place,  and  it  might  stand.  I  do  not  say 
that  it  possibly  would  not.  But  I  do  say  that  whether  it  will  stand 
or  not  IS  mere  conjecture.  As  an  engineering  guess,  you  might  say 
that  it  probably  would  stand ;  but  there  is  the  imminent  engineering 
possibility  that  the  subsurface  flow  caused  by  this  great  head  ox 
water,  85  feet,  would  force  a  seepage — ^a  mere  seepage  at  first — ^which 
would  gradually  increase  as  it  has  elsewhere,  coming  up  perhaps  half 
a  mile  below  the  dam. 

There  is  nothing  uncommon  about  water  flowing  through  a  half 
mile  of  such  material.  If  that  dam  were  built  and  water  were  dis- 
covered coming  up  through  the  earth  on  the  downstream  toe  and 
below  it,  it  would  be  a  source  of  continual  apprehension  as  to  what 
the  result  was  going  to  be — whether  the  dam  would  not  break  out 
and  dischar^  all  its  contents,  as  other  dams  have  done,  like  the 
Mill  Eiver  dam. 

Senator  Morgan.  Springs  and  rivers  flow  beneath  mountains,  do 
they  not  ? 

Mr.  Burr.  They  do. 

Senator  Morgan.  And  the  mountains  stand,  as  in  the  case  of  the 
Humboldt  River? 

Mr.  Burr.  They  do ;  they  stand.  Sometimes,  however,  large  banks 
of  earth  are  carried  away  by  precisely  those  springs.  I  have  seen 
that  a  number  of  times. 

In  such  cases  the  water  comes  from  not  great  depths,  but  it  has 
through  long  ages  made  a  channel  for  itself,  and  it  does  not  flow 
under  any  great  head. 

Senator  Morgan.  The  cores  put  into  earth  dams,  I  suppose,  are  in- 
tended to  prevent  this  very  underflow  ? 

Mr.  Burr.  They  are. 

Senator  Morgan.  Do  they  necessarily  rest  on  the  rock  bottom? 

Mr.  Burr.  Not  necessarily.  They  may  rest  on  a  truly  impervious 
bottom. 

Senator  Morgan.  A  clay  bottom,  for  instance  ? 

Mr.  Burr.  Yes ;  or  a  hardpan  bottom. 

Senator  Morgan.  Or  hardpan  ? 

Mr.  Burr.  Yes. 

Senator  Morgan.  It  is  not  necessary  to  carry  them  down  to  the 
rock  in  order  to  make  them  useful  ? 

Mr.  Burr.  Not  necessarily ;  no. 

Senator  Taliaferro.  Did  not  this  Mill  River  dam  have  a  masonry 
core? 

Mr.  Burr.  That  had  a  masonry  core.  Water  found  its  way  under 
that  also,  but  it  was  not  carried  down  to  rock.  It  was  constructed  in 
an  earth  excavation. 

Senator  Morgan.  It  was  not  carried  down  to  rock  ? 

Mr.  Burr.  It  was  not  carried  down  to  rock ;  no. 
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Senator  Kittredge.  What  was  the  distance  between  the  lower  part 
of  that  foundation  and  the  rock  ? 

Mr.  Burr.  I  can  not  ffive  you  the  details,  because  I  have  not  the 
data ;  but  it  was  evidentTy  pervious  enough  to  let  water  through,  be- 
cause it  led  to  the  destruction  of  the  embankment. 

Senator  Morgan.  Mr.  Stevens  seemed  to  lay  great  weight  or  stress 
upon  the  pressure  of  the  superincumbent  mass  of  earth  of  which  the 
dam  was  to  be  composed,  say,  half  a  mile  in  cross  section — that  it 
would  destrov  the  permeability  of  the  material  below  if  any  serious 
difficulty  of  tliat  sort  existed.     What  do  you  think  of  that? 

Mr.  Burr.  It  would  improve  the  condition,  there  is  no  doubt  about 
that.  Anything  which  adds  weight  to  a  permeable  and  compressive 
material  will  tend  to  make  it  more  nearly  impervious.  But  the  ques- 
tion arises.  Senator:  Does  the  United  States  Government  desire  to 
ccHistruct  this  great  waterway  as  a  water  connection  between  oceans, 
and  practically  for  all  time,  and  make  its  chief  sustaining  feature  of 
such  a  character  that  its  stability  is  not  absolutely  assured,  so  far  as 
it  can  be  bv  human  means? 

Senator  Morgan.  I  can  only  say  in  regard  to  that,  that  the  United 
States  Government  did  precisely  that  thing  when  they  adopted  your 
own  recommendation  for  the  dam  at  Bohio,  and  changed  the  whole 
canal  system  from  Nicaragua  to  Panama.  That  was  exactly  what 
caused  it. 

Mr.  Burr.  I  do  not  think,  Senator,  that  the  Bohio  dam  or  even 
that  plan  was  ever  adopted  by  the  United  States  Government. 

Senator  Morgan.  They  did  not  adopt  any  other. 

Mr.  Burr.  No;  they  did  not  adopt  any;  but  they  did  adopt  the 
recommendation  of  that  Commission  for  the  Panama  route. 

Senator  Morgan.  And  on  that  basis — that  a  dam  could  be  success- 
fully built  at  Bohio,  and  that  that  was  the  key  of  the  canal. 

Mr.  Burr.  It  can  be  successfully  built  at  Bohio. 

Senator  Morgan.  We  will  get  to  that  later;  but  that  was  the  basis 
on  which  we  adopted  it. 

Mr.  Burr.  I  think  it  is  only  fair  and  just  to  state,  Senator,  that 
if  that  were  the  basis  (and  it  seems  to  me  it  is  going  a  little  too  far 
to  say  that  it  was),  that  dam  had  a  solid  masonry  curtain  going 
down  to  what  was  supposed  to  be  bed  rock.  We  took  no  chances  on 
seepage. 

Senator  Morgan.  You  took  no  chances  on  seepage,  except  that  you 
left  40  feet  without  being  bored  out  at  all  between  the  128  and  the 
108  feet  depths,  I  will  say— the  difference  between  your  borings  and 
Wallace's  borings.     You  left  that  without  being  bored  out. 

Mr.  Burr.  About  28  feet,  I  think— no;  40  feet:  that  is  right. 

Senator  Morgan.  It  is  the  difference  between  126  and  108. 

Mr.  Burr.  Well,  those  examinations  were  made  as  thoroughly  as 
thev  could  be  with  the  time  at  the  command  of  the  Commission. 

Senator  Morgan.  Were  thev  made  with  churn  drills  or  diamond 

Mr.  Burr.  Thev  were  made  with  the  ]et  boring  process,  but  with 
appliances  which  permitted  any  bowlder  to  be  broken  up  bv  dynamite, 
so  that  there  was  not  any  essential  doubt  as  to  being  on  bed  rock  at 
the  point  where  the  borings  were  put  down.  But  the  deeper  points 
which  were  subsequently  found  by  our  borings,  made  under  the  direc- 
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tion  of  Mr.  Wallace  and  at  the  direction  of  the  Commission,  were 
not  where  the  first  borings  were  put  down,  but  between  them. 

Senator  Morgan.  On  the  same  line,  though? 

Mr.  Burr.  On  the  same  dam  line,  ves. 

Senator  Morgan.  The  same  dam  line? 

Mr.  BuRih  Yes. 

Senator  Morgan.  Now,  your  borings  before  that,  that  you  had 
made  in  the  Nicaragua  examination,  were  made  with  diamond  drills? 

Mr.  Burr.  We  used  both  at  Nicaragua — ^both. 

Senator  Morgan.  But  the  borings  at  Conchuda  were  made  with 
diamond  drills? 

Mr.  Burr.  Some  of  them  were ;  not  all. 

Senator  Morgan.  If  there  was  any  exception,  it  was  not  stated  in 
the  testimony  that  you  gentlemen  gave  before  that  committee. 

Mr.  Burr.  I  think,  Senator,  that  if  vou  will  look  back  at  the  report 
and  at  the  evidence  given,  you  will  find  that  jet  borings  were  first 
made,  and  then  they  were  supplemented  by  the  diamond-drill  bor- 
ings in  the  ordinary  way. 

Senator  Morgan.  For  greater  certainty  ? 

Mr.  Burr.  Yes. 

Senator  Morgan.  Now,  whv  could  vou  not  have  used  those  diamond 
drills  at  Bohio? 

ilr.  Burr.  We  could  have  used  them  at  Bohio. 

Senator  Morgan.  Why  did  you  not  do  it,  then? 

Mr.  Burr.  Simply  because  it  was  not  considered  necessary  at  that 
time,  and  both  our  time  and  our  means  were  limited. 

Senator  Morgan.  You  had  a  million  of  dollars. 

Mr.  Burr.  We  did,  and  we  had  to  use  even  more  than  that. 

Senator  Morgan.  And  two  hundred  and  odd  thousand  dollars  in 
addition  was  expended. 

ilr.  Burr.  And  still  we  did  not  use  the  diamond  drills  at  Panama, 
even  after  exceeding  our  limit;  but  we  made  all  that  were  considered 
necessary  or  advisable  at  that  time.  The  French  had  made  a  number 
of  borings  there  and  all  along  the  line.  We  supplemented  those  by 
all  that  was  necessary,  in  our  best  judgment;  but  as  engineers  fre- 
quently fail  to  get  all  foundation  information  that  may  be  necessary, 
we  did  not  get  all  that  was  required  to  complete  the  information 
there, 

•Senator  Morgan.  But  at  Bohio  you  were  practically  50  or  60  feet 
deeper  below  sea-level  than  you  were  at  Conchuda,  on  the  Rio 
Grande? 

Mr.  Burr.  I  do  not  recall  the  figures  at  Conchuda ;  but  it  is  about 
that,  I  think. 

Senator  Morgan.  Yes.  So  that  greater  care  would  have  been 
necessary  at  Bohio  for  the  reason  that  it  was  very  much  deeper  below 
sea-levef  than  Conchuda  was?  Greater  care  would  have  been  re- 
quired at  Bohio? 

Mr.  Burr.  Not  necessarily.  Senator ;  not  necessarily. 

Senator  Morgan,  I  do  not  see  why. 

Mr.  Burr.  The  line  through  Nicaragua  was  actually,  in  its  details, 
an  unknown  line.  No  work  had  been  done  on  it.  The  exigencies  of 
that  route  were  far  greater,  from  the  conditions  attending  it,  than  they 
could  possibly  be  at  Panama,  where  an  enormous  amount  of  work  had 
l)een  done. 


156  INVESTIGATION   OF   PANAMA  CANAL   MATTERS. 

Senator  Morgan.  Had  any  work  been  done  at  Bohio? 

Mr.  Burr.  Yes. 

Senator  Morgan.  What  had  been  done  ? 

Mr.  Burr.  Not  on  the  Bohio  dam;  but  there  was  a  great  deal  of 
work  done  in  excavating  lock  sites  there. 

Senator  Morgan.  At  that  location  ? 

Mr.  Burr.  At  that  location ;  yes. 

The  Chairman.  Senator  Morgan,  will  you  excuse  me  just  a  mo- 
ment?    Mr.  Burr,  do  you  think  you  could* finish  this  afternoon? 

Mr.  Burr.  I  doubt  it,  Mr.  Chairman. 

The  Chairman.  The  reason  why  I  ask  is  that  Mr.  Bates,  who  was 
to  appear  here  to-morrow  morning  at  10.30,  is  in  New  York,  and 
would  like  very  much  to  know  whether  we  will  be  ready  for  him  in 
the  morning. 

Senator  Morgan.  You  had  better  have  hitti  here  at  2  o'clock,  I 
think. 

(A  gentleman  present  in  the  room  stated  that  Mr.  Bates  was  in 
Washington  at  the  present  time.) 

The  Chairman.  I  thought  he  was  in  New  York. 

Senator  Kittredge.  Ought  we  to  have  a  meeting  to-morrow  after- 
noon, inasmuch  as  there  is  going  to  be  a  vote  on  the  statehood  bill  ? 

The  Chairman.  No;  we  can  not  have  a  meeting  to-morrow  after- 
noon.    You  think  you  will  hardly  finish  to-day,  Mr.  Burr? 

Mr.  Burr.  I  think  not.    I  think  I  can  finish  to-morrow  morning. 

The  Chairman.  I  think,  then,  that  we  will  have  to  ask  Mr.  Bates 
to  come  to  us  on  Saturday  morning  at,  saj,  10.30  o'clock. 

Senator  Taliaferro.  Mr.  Burr,  what  is  the  essential  difference  be- 
tween the  earth  dam,  as  recommended  at  Bohio,  in  the  majority  re- 
port, and  this  Mill  River  dam,  which  you  say  gave  way  ? 

Mr.  Burr.  The  dam  at  Gamboa,  did  you  ask  ? 

Senator  Taliaferro.  No;   I  mean  the  majority  report  dam. 

Mr.  Burr.  That  is  at  Gamboa.  Do  you  wish  to  know  the  difference 
between  that  and  the  Mill  River  dam  ? 

Senator  Taliaferro.  Yes. 

Mr.  Burr.  The  difference  is  this,  that  if  the  Gamboa  dam  is  built 
as  a  great  earth  dam  with  a  masonry  core  that  masonry  core  .will  be 
founded  on  bed  rock,  started  from  it.  The  masonry  core  of  the  Mill 
River  dam  was  not  founded  on  bed  rock. 

Senator  Taliaferro.  It  did  not  go  down  to  the  bed  rock? 

Mr.  Burr.  It  did  not  go  down  to  the  bed  rock.  I  mention  the  Mill 
Rived  dam  only  because  I  made  a  note  of  it;  but  there  have  been 
other  failures  where  there  was  no  masonry  core.  My  only  point  is 
simply  this,  that  in  the  construction  of  this  dam,  in  my  judgment 

Senator  Kittredge.  You  now  speak  of  the  Gatun  dam  ? 

Mr.  Burr.  The  Gatun  dam.  In  my  judgment  very  grave  hazards 
as  to  the  ultimate  stability  of  the  work  are  incurred,  which  it  seems 
to  me  should  not  be  incurred  under  such  circumstances.  If  this  were 
a  power  proposition,  or  a  municipal  waterworks  proposition,  even, 
where  it  was  necessary  for  the  party  in  interest  to  save  every  dollar 
that  could  be  saved  and  he  would  be  justified  even  in  running  some 
risks  in  order  to  be  economical,  that  is  one  case.  Such  a  hazard  as 
that  might  be  justifiable.  But  in  this  case,  in  my  judgment,  it  is  not 
justified.     It  is  a  piece  of  colossal  experimentation,  the  failure  of 
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which  would  involve  altogether  too  great  interest  to  be  subjected  to 
that  risk. 

Much  has  been  said  about  the  weight  of  water  even  on  the  bottom 
of  the  lake  compressing  it  and  making  the  material  more  impervious, 
I  grant,  as  every  engineer  must  (or  any  sensible  man,  it  seems  to  me), 
that  wherever  weight  is  put  upon  a  compressible  material  it  will  make 
it  more  dense.  But  there  is  one  very  pertinent  observation  to  be  made 
in  connection  with  that  pressure  here — that  in  consequence  of  this  ir- 
regular variation  of  material  that  settlement  would  not  be  uniform. 
It  would  be  more  at  some  places  than  at  others,  and  that  would 
cause  a  break  in  the  bottom  of  the  reservoir  wherever  that  variation 
existed  and  form  an  opening  for  water  to  find  its  way  into  the  deeper 
pervious  materials. 

The  dams  on  the  Pacific  side  are  smaller  and  the  risks,  perhaps, 
may  be  of  less  ma^itude;  but  they  are  of  the  same  character  ana 
there  is  the  same  objection  to  them,  m  my  opinion. 

The  dam  between  La  Boca  and  the  high  ground  opposite  would 
he  founded  largely  upon  the  most  slippery  kind  of  mud.  Anj''one  who 
has  been  there  and  seen  the  bottom  of  the  Rio  Grande  estuary  ex- 
posed at  low  tide  I  think  will  agree  with  me  that  it  is  a  very  lubri- 
cating material ;  and  if  you  were  to  put  a  bank  of  earth  on  it,  even 
if  it  were  half  a  mile  thick,  I  think  it  would  be  in  grave  danger  of 
being  pushed  out  bodily.  I  have  seen  such  banks  on  a  smaller  scale 
•pushed  out  in  precisely  that  way. 

Senator  Morgan.  Do  you  mean  by  the  sea  ? 

Mr.  Burr.  No;  by  the  water  of  the  lake,  which  would  be  some  65 
feet  above  the  sea,  or  even  65  at  extreme  low  tide.  It  seems  to  me  that 
in  this  great  work  the  United  States  can  aflford  to  build  structures 
of  assured  stability.  Furthermore,  it  is  my  judgment  that  in  any 
portion  of  its  work  that  which  is  built  or  any  procedure  which  is 
followed  should  be  of  such  a  character  as  to  have  the  assurance  of 
successful  past  experience  to  indicate  that  its  use  is  justijfied.  I  would 
make  no  new  experiments  on  the  Isthmus  of  Panama  in  connection 
with  this  work.  * 

Senator  Morgan.  We  have  made  one  that  has  turned  out  to  be  very 
expensive  by  adopting  a  plan  to  build  the  canal  with  the  key  of  the 
situation  at  Bohio.  We  have  not  commenced  to  build  the  canal  yet, 
if  I  understand  It. 

Mr.  Burr.  I  do  not  understand.  Senator,  to  what  you  refer.  The 
Bohio  dam  ? 

Senator  Morgan.  Yes. 

Mr.  Burr.  That  was  a  perfectly  safe  type  of  dam,  Senator.  I 
should  stand  by  that. 

Senator  Morgan.  If  you  had  a  safe  place  to  put  it. 

^.  Burr.  That  is  precisely  what  1  am  advocating  now.  I  am 
consistent  with  what  I  did  then.  Mr.  Morfson  wanted  to  experiment 
in  jnst  the  same  way  and  I  opposed  him. 

Senator  Morgan.  The  plan  was  good  enough,  but  you  did  not  have 
any  place  to  put  it. 

Mr.  Burr.  Well,  I  would  not  hesitate,  Senator,  to  make  a  perfectly 
safe  dam  at  Bohio. 

Senator  Morgan.  Now? 

Mr.  Burr.  Now  ;  with  the  depth  of  168  feet.  I  should  not  carry 
the  masonry  core  all  the  way  down,  but  I  would  make  the  dam  safe. 

KNGK 
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Senator  Morgan.  How  much  money  would  you  spend  on  it? 

Mr.  Burr.  Not  such  a  great  amount.  I  would  make  it  within  our 
estimate. 

Senator  Morgan.  Within  your  estimate? 

Mr.  Burr.  Yes. 

Senator  Morgan.  And  you  recommend  to-day  the  plan  which  your 
committee  reported  for  a  dam  at  Bohio  for  that  canal  ? 

Mr.  Burr.  If  I  were  goin^  to  express  nay  preference  for  a  lock 
canal,  Senator,  I  should  say  just  what  I  said  and  argued  for  in  the 
consulting  board,  that  the  canal  should  be  made  with  the  sea-level 
section  on  the  Caribbean  side  carried  to  Obispo  and  on  the  Pacific 
side  to  Miraflores,  and  then  lock  up  from  those  two  points  to  perhaps 
a  60-foot  summit  level,  possibly  an  85-foot  summit  level,  if  you 
please;  but  if  a  lock  canal  were  to  be  built,  in  my  judgment  that 
should  be  its  plan. 

Senator  Morgan.  Where  would  j'ou  put  your  dam  to  make  that 
65-foot  elevation  ? 

Mr.  Burr.  I  would  put  the  controlling  dam  at  Gamboa,  just  where 
the  sea -level  plan  places  it. 

Senator  Morgan.  Why  would  you  not  put  it  at  Bohio  ? 

Mr.  Burr.  With  the  subsequent  investigations,  made  since,  I 
should  prefer  to  carry  the  sea-level  section  to  Obispo,  or  nearly  to 
Obispo. 

•  Senator  Morgan.  But  Wallace's  investigations  have  disproved  the 
practicability  of  putting  it  at  Bohio,  have  they  not  ? 

Mr.  BuRR.*^  Oh,  no ;  Ishould  not  be  willing  to  admit  that.  Senator, 
His  investigations  have  shown  that  it  would  oe  more  difficult  to  build 
there  than  was  supposed. 

Senator  Morgan.  They  have  shown  40  feet  greater  depth  ? 

Mr.  Burr.  Yes. 

Senator  Morgan.  And  that  would  be  with  caisson  work? 

Mr.  Burr.  Oh,  I  should  not  take  caisson  work  down  to  that  depth. 

Senator  Morgan.  What  would  you  do,  take  ice  down  there  and 
freeze  it,  on  Hanna's  plan?     [Laughter.] 

Mr.  Burr.  Well,  the  freezing  process  might  be  applicable,  but  I 
should  not  expect  to  use  that.  What  I  should  expect  to  do  would  be 
to  go  down  as  far  as  it  is  feasible  to  go  with  the  pneumatic  process, 
perhaps  to  140  feet,  with  the  head  of  water  above  pumped  down  by 
making  a  great  pit  around  the  caisson;  and  then,  from  the  lowest 
point  reached  by  the  pneumatic  process,  I  would  put  one  or  prefer- 
ably two  lines  of  heavy  sheet  piling  from  that  point  down  to  bed 
rock,  30  or  40  or  50  feet,  if  you  please,  which  would  make  a  complete 
curtain  and  shut  off  all  possible  seepage. 

Senator  Morgan.  Then  you  would  build  your  dam  on  the  top  of 
that  sheet  piling? 

Mr.  Burr.  On  the  top  of  that  I  would  place  my  dam. 

Senator  Morgan.  About  how  thick  would  you  have  that  piling — I 
mean  the  cross  section  of  it? 

Mr.  Burr.  Perhaps  10  or  12  inches;  perhaps  not  so  thick.  I 
should  say  from  9  to  12  inches. 

Senator  Morgan.  You  would  drive  down  piling? 

Mr.  Burr.  It  would  not  be  driven  down ;  it  would  be  jetted  down. 
You  could  use  a  hammer  to  a  small  extent,  perhaps,  in  a  caisson  cham- 
ber properly  designed  for  it;  but  I  would  expect  to  put  that  sheet 


INVESTIGATION   OP   PANAMA   CANAL   MATTERS.  159 

piling  down  by  water  jet,  as  is  frequently  done.    There  is  nothing 
new  about  that. 

Senator  Morgan.  Would  you  make  that  piling  of  wood  or  metal? 

Mr.  Burr.  That  is  an  open  question.  1  should  prefer  wood,  be- 
cause wood  is  indefinitely  durable  when  it  is  saturated  with  water. 

Senator  Morgan.  But  Wallace  says  that  the  timber  that  has  floated 
in  under  the  bowlders  that  you  struck  there  down  next  to  the  bottom 
of  that^gulch  is  rotten. 

Mr.  Burr.  It  decayed  before  it  got  there,  then,  if  that  is  so,  because 
we  have  excellent  specimens  of  timber,  you  know,  over  two  thousand 
years  old,  and  I  have  myself  seen  oak  branches  in  an  excellent  state 
of  preservation  taken  from  about  35  feet  below  the  surface  of  the 
Harlem  River  in  the  northern  end  of  New  York.  How  long  it  has 
been  there  nobody  knows,  but  for  geologic  ages,  I  suppose. 

Senator  Morgan.  Have  you  found  any  pme  still  existing  in  such 
places? 

Mr.  Burr.  No;  I  have  never  seen  pine. 

Senator  Morgan.  Would  you  make  your  sheet  piling,  then,  of  very 
hard  wood  ? 

Mr.  Burr.  Not  necessarily.  Any  wood  will  endure  if  it  is  satu- 
rated. 

Senator  Morgan.  Then  you  would  have  a  sheet  piling  down  there 
which  would  prevent  the  permeation  of  water,  and  you  would  have 
your  dam  resting  upon  that  ? 

Mr.  Burr.  No;  the  dam  would  not  rest  upon  that  sheet  piling, 
Senator.     It  would  rest  upon  the  whole  gravel  base. 

Senator  Morgan.  Into  which  you  had  driven  sheet  piling? 

Mr.  Burr.  Into  which  the  sheet  piling  was  driven.  The  function 
of  the  sheet  piling  would  not  be  to  support  anything,  but  simply  to 
make  a  cut-off  for  the  water;  and  if  it  were  found  impracticaole  to 
run  that  sheet  piling  all  the  way  across,  you  could  inject  cement  in 
that  gravelly  material  overlying  the  bedrock,  and  so  close  up  any 
possibility  of  material  seepage. 

Senator  Morgan.  And  build  a  stone  wall  out  of  cement  below 
there? 

Mr.  BuBR.  And  force  in  the  cement;  yes. 

Senator  Morgan.  It  is  a  stone  wall  after  it  is  built,  is  it  not? 

Mr.  Burr.  Yes;  that  is  it  exactly ;  it  is  a  stone  wall. 

Senator  Morgan.  How  would  the  structure  thus  formed  compare, 
in  respect  of  its  security,  with  the  proposed  dam  at  Gatun  that  has 
been  suggested  by  the  minority  of  this  committee  ?  Which  would  you 
prefer? 

Mr,  Burr.  I  think  it  would  be  nauch  superior  to  the  proposed  Gatun 
dam. 
Senator  Morgan.  It  would? 

Mr.  IBurr.  In  my  judgment  it  would  be  far  superior.  In  fact,  it 
would  be  a  structure  beyond  criticism — that  is,  it  would  be  of  as- 
sured stability. 

Senator  Morgan.  In  constructing  the  Gatun  dam,  could  they  not 
use  this  sheet  piling  as  well  as  vou  could  at  Bohio? 
Mr.  Burr.  I  think  they  could. 
Senator  Morgan.  Yes.    Do  you  think  they  should? 
Mr.  Burr.  And  I  think  they  should,  or  something  equivalent  to  it. 
Senator  Morgan.  That  can  be  done  ? 
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Mr.  Burr.  It  can  be  done.  Properly  done,  it  would  add  largely  to 
the  cost;  I  do  not  know  how  mucn,  but  it  could  be  done.  I  do  not 
know  whether  you  could  carry  the  sheet  piling  down  to  258  feet  I 
think  that  is  a  matter  of  grave  doubt;  but  you  might  do  some- 
thing  

Senator  Morgan.  You  could  do  it  with  the  assistance  of  the  caisson 
process  to  get  down  to  where  you  would  start  to  drive  your  sheet 
piling,  or  to  insert  it  through  pumping  out  the  material? 

Mr.  Burr.  You  could  use  sheet  piling  to  a  great  extent,  so  far  as 
it  would  go,  and  then  resort  to  some  such  process  as  injecting 
cement — something  of  that  sort. 

Senator  Morgan.  After  all,  that  would  be  about  the  best  plan^ 
would  it  not? 

Mr.  Burr.  It  would  if  you  could  depend  upon  closing  up  every- 
thing; but  when  you  inject  cement  in  gravelly  materisu  you  hope 
to  close  everything,  but  you  can  not  always  depend  upon  doing  it. 

Senator  Morgan.  If  you  put  pressure  on  it,  you  can  do  it 

Mr.  Burr.  You  can  get  a  large  amount  of  cement  into  a  very  dose 
material;  but  whether  you  could  close  up  a  geologic  valley,  so  called, 
two  or  three  hundred  leet  wide  is  another  matter — you  could  doubt- 
less close  it  up  near  enough  for  all  practical  purposes. 

Senator  Morgan.  Yes;  that  is  what  I  am  getting  at  You  could 
not  make  it  water-tight,  perhaps.    That  is  all  I  have  to  ask  about 

(The  committee  thereupon  took  a  recess  until  2  o'clock  p.  m.) 

AFIER  RECESS. 

STATEMENT  OF  WILLIAM  H.  BTJEE,  ESQ.— Continned. 

The  Chairman.  Proceed,  if  you  are  ready,  Mr.  Burr. 

Mr.  Burr.  The  next  feature  of  prominence  in  the  plan  of  the  mi- 
nority is  the  CTOup  of  locks — three  in  series  at  the  GatUn  dam,  the 
single  lock  at  JPedro  Miguel,  and  the  two  at  Sosa  Hill.  But  I  refer 
especially  to  the  three  in  series  at  the  Gratun  dam.  Unless  the  mem- 
bers of  the  committee  desire  to  ask  some  questions  regarding  the 
safety  of  operation  of  the  locks,  I  shall  not  add  much  to  what  is 
stated  in  the  majority  report  on  that  point 

Senator  Taliaferro.  Is  the  question  of  the  safety  of  operation  of 
those  locks  fuUy  set  forth  in  the  majority  report? 

Mr.  Burr.  Yes;  it  is  fully  set  forth  in  the  majority  report. 

There  are  only  one  or  two  matters  which  I  wish  to  mention  in  addi- 
tion to  what  is  stated  there.  I  wish  to  emphasize  the  fact  that  the 
experience  in  operating  the  St.  Marys  Falls  lock  is  not  a  safe  basis 
for  forming  a  conclusion  as  to  the  safety  of  six  such  locks  as  those 
proposed  in  this  plan,  three  of  them  being  in  series.  In  the  first 
place,  the  lift  of  each  of  these  locks  is  nearly  50  per  cent  OTeater  than 
the  lift  at  St.  Marys  Falls.  Some  of  them  have  a  lift  fully  50  per 
cent  greater.  The  dangers  arising  from  a  combination  of  machines 
or  appliances  are  not  simply  in  i)roportion  to  the  number  of  parts  or 
the  number  of  machines.  They  increase  at  a  more  rapid  rate  simply 
because  an  accident  to  one  may  induce  an  accident  to  its  neighbor. 

An  accident  to  one  of  the  locks  in  series  might  easily  extend  to  the 
lock  below  it,  whereas  if  it  Were  a  lock  standing  by  itself,  as  the  lock 
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at  the  Soo  is,  the  damage  would  cease  with  the  one  lock.  So  that 
the  dangers  arising  from  the  operation  of  three  locks  in  series  arc 
considerably  more  man  three  times  the  dangers  that  would  arise  from 
operating  one  of  those  locks  by  itself ;  and  that  is  one  of  the  reasons, 
though  not  aU  of  the  reasons,  why  a  number  of  members  of  the  board 
of  consulting  engineers  recorded  their  objections  against  locks  in 
series. 

If  a  lock  canal  was  to  be  built,  they  said — and  I  was  one  of  the 
number — ^that  it  should  be  under  such  a  plan  that  each  lock  would 
stand  by  itself,  so  that  if  any  one  lock  should  meet  with  an  accident, 
the  effects  of  the  accident  would  stop  there  and  not  perhaps  be  com- 
municated to  others.  In  that  way  the  damages  resulting  from  serious 
accident  would  be  limited.  The  minority  propose  to  operate  these 
locks  in  series  in  such  a  way  as  to  make  one  ship  follow  another  as 
closely  as  possible — ^that  is,  there  would  be  two  ships  in  the  series  of 
three  locks  at  the  same  time,  and  their  estimated  capacity  is  obtained 
by  assuming  that  there  may  be  two  ships ;  indeed,  that  there  will  be 
two  ships  at  once  going  in  the  same  direction  in  the  series  of  three 
locks.  1  question  very  much  whether  it  would  be  considered  safe  to 
operate  that  series  of  three  locks  in  that  manner. 

The  hazards  would  be  doubled.  That  is,  in  the  case  of  a  ship  run- 
ning through  the  gates  at  the  head  of  a  lock,  there  would  be  almost 
certain  destruction,  not  only  of  the  locks,  but  of  the  ship  below  as 
well  It  would  be  injudicious  and  unsafe  to  operate  a  lock  canal  in 
that  manner,  except  possibly  in  some  extreme  emergency  where  it 
would  be  justifiable  to  incur  that  grave  hazard  in  order  to  accom- 
plish a  very  important  end. 
Senator  KrrrREDGE.  Will  a  question  interrupt  you  at  that  point? 
Mr.  Burr.  No,  sir. 

Senator  EaTTREooE.  Suppose  at  some  time  it  was  desirable  to  have 
25  ships  of  our  Navy  pass  from  the  Atlantic  to  the  Pacific,  what 
would  be  the  condition  m  reference  to  the  operation  of  the  locks  and 
the  time  it  would  take  for  that  fleet  to  pass  through  ? 

Mr.  Burr.  The  effect  would  be  a  very  slow  passage  of  the  fleet. 
The  minority  estimates,  under  ideal  conditfons  that  can  never  be 
attained,  and  which  the  members  of  that  minority  even  do  not  claim 
will  be  maintained  in  the  long  run,  that  an  interval  of  at  least  fifty 
minutes  would  have  to  elapse  between  two  successive  ships. 
Senator  Kittredoe.  Why  is  that? 

Mr.  Burr.  Fifty  minutes  and  thirty-nine  seconds.  It  would  re- 
quire that  length  of  time  for  one  ship  to  get  out  of  the  way  of  an- 
other in  this  series  of  three  locks — that  is,  it  would  not  be  possible 
to  lock  two  ships  through  the  canal  any  quicker,  and  through  this 
triple  lock,  without  that  interval  between  them. 

You  would  have  to  get  one  ship,  you  see,  out  of  one  lock  and  into 
the  next  before  you  could  admit  the  second  ship  into  the  first  lock,  and 
that  relative  position  between  the  two  would  have  to  be  maintained 
through  the  lock.  But,  as  a  matter  of  fact,  you  could  not  put  two 
ships  through  as  quickly  as  that.  There  would  be  some  little  lost 
time.  Inst^d  of  fifty  minutes  and  forty  seconds  it  would  be  at  least 
an  hour.  Fifty  minutes  and  forty  seconds  is  but  nine  minutes  and 
twenty  seconds  short  of  an  hour.  The  interval,  therefore,  between 
two  ships  would  be  an  hour.  If  all  business  of  the  canal  were  stopped 
in  order  to  afford  a  clear  passage  for  these  naval  ships,  and  if  the 
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twin  locks  were  used,  it  would  take  about  thirteen  hours,  plus  the  sail- 
ing time  between  the  locks,  to  set  that  fleet  through. 

That  sailing  time  would  not  oe  less,  probably,  than  eight  hours — 
seven  or  eight  hours — ^so  that  there  would  elapse  twenty  or  twenty-one 
hours  in  which  these  vessels  would  be  passing  through  the  canal,  one 
after  the  other,  separated  by  intervals  of  one  hour  and  incurring  the 
hazard  of  two  of  these  vessels  at  the  same  time  being  in  this  series  of 
three  locks. 

We  will  assume  that  in  the  case  of  the  sea-level  canal  all  traffic 
would  be  suspended  under  precisely  the  same  conditions.  One  ves- 
sel would  then  follow  anotner  immediately,  and  they  would  steam 
through  uninterruptedly  in  seven  to  eight  hours.  It  would  take, 
therefore,  very  nearly  three  times  as  long  to  pass  such  a  fleet  through 
a  lock  canal  as  it  would  through  the  sea -level  canal;  and  in  the  one 
case  there  would  be  comparative  freedom  from  danger  and  in  the 
other  a  grave  hazard  of  crowding  two  ships  at  once  into  those  locks 
and  at  the  same  time  exposing  them  to  the  attack  of  some  vicious 
enemy  in  that  critical  condition. 

The  question  of  the  capacity  of  the  lock  canal  follows,  of  course, 
immediately  upon  the  consideration  of  this  question  of  locks.  It  has 
b^n  stated  that  the  capacity  of  the  lock  canal,  on  the  minority  plan, 
is  about  80,000,000  tons  per  year,  with  ample  allowance  of  time  for 
such  repairs  as  might  be  required.  A  reference  is  made  to  experience 
with  the  St.  Marys  Falls  lock  to  justify  that  high  estimate  of  traflic 
capacity.  It  is  worth  while  to  consider  in  some  detail  the  basis  of 
that  estimate.  It  is  assumed  for  this  purpose  by  the  minority,  and 
very  properly,  that  ^^  considering  the  maximum  capacity  of  the  canal 
it  should  be  assumed  that  all  vessels  going  one  way  should  take  one 
series  of  locks  and  all  vessels  ^oing  the  other  way  the  other  series,  the 
two  series  constituting  the  twm  system  of  locks. 

That  is  precisely  what  would  be  done  and  what  should  be  done; 
but  it  is  assumed  that  inasmuch  as  the  three  locks  in  the  Gatun  dam 
will  consume  the  most  time  for  passage  of  any  single  feature  in  the 
canal — greater,  of  course,  than  the  two  locks  on  the  Pacific  end — ^the 
period  of  time  elapsing  betwen  consecutive  ships  in  passing  throug[h 
those  three  locks  will  measure  the  capacity  of  the  canal,  because  if 
the  interval  between  two  successive  ships  is  small,  you  can  keep  ships 
going,  provided  they  are  there,  in  a  regular  procession;  and  the 
nearer  any  two  adjacent  ships  are  to  each  other  intime  the  greater 
will  be  the  number  that  enter  the  canal  within  twenty-four  hours. 

If  two  ships  be  supposed  to  pass  through  the  Gatun  locks^  as 
quickly  as  they  can  possibly  be  computed  to  move  on  purely  theoretical 
grounds,  with  all  conditions  ideal,  that  period  will  *be  fifty  minutes 
and  thirty -nine  seconds;  that  is  to  say,  every  fifty  minutes  and  thirty- 
nine  seconds  a  ship  will  enter  the  canal.  So  that,  remembering  that 
there  may  be  this  procession  of  ships  passing  in  both  directions  the 
ideal  capacitv,  the  theoretical  capacity  of  the  canal  will  be  deter- 
mined by  finding  the  number  of  minutes  in  a  year  and  dividing  that 
by  60.65  minutes,  which  is  fifty  minutes  and  thirty-nine  seconds,  and 
multiplying  by  2,  which  gives  20,754  lockages,  provided  this  whole 
procession  is  jfoing  day  and  night  through  the  entire  year. 

It  is  impossible,  of  course,  to  have  ships  pass  through  the  canal  in 
any  such  ideal  manner  as  that,  and  is  so  stated  by  the  minority. 
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Judmng  from  experience  wholly  with  the  St  Marys  Falls  lock,  they 
conclude  that  the  number  of  practicable  lockages  will  be  two-thirds 
of  that  ideal,  or,  as  they  put  it,  "the  coefficient  of  reduction  is 
68/100."  which  is  practically  two-thirds,  and  which  would  make 
14,113  lockages. 

Senator  Kjitredge.  Do  they  make  any  allowance  for  the  necessary 
time  for  repairs? 

Mr.  BtTRR.  Not  on  that  basis.  I  shall  get  to  that,  though,  in  a 
moment.  There  is  no  allowance  made  for  anything  on  that  basis 
except  the  incidental  delays  in  getting  to  the  lock  and  getting 
through  it. 

Assuming  that  each  ship  going  through  in  this  manner  has  a 
capacity  of  5,000  tons  net  registry,  the  annual  passage  would  be 
70,560,000  tons. 

Then,  basing  their  ar^iment  upon  further  experience  with  the 
St.  Marys  Falls  lock,  which  I  wnll  not  read  in  detail,  because  it  is 
not  necessary  to  consume  the  time  for  that  purpose,  they  assume  that 
there  will  be  fleets  of  shij>s  passing  through,  so  that  each  lockage  will 
carry  more  than  one,  which  is  true,  and  that  the  aggregate  of  each 
lockage  maj  be  as  much  as  10,000  tons  or  more.  So  they  conclude, 
on  that  basis,  that  ther  annual  tonnage  may  reach  80,000,000  tons,  with 
ample  allowance  of  time  for  such  repairs  as  might  be  required. 

That  is  a  very  plausible  statement,  but  I  believe  it  is  a  very  dan- 
gl&rous  one  to  accept.  I  mean  dangerous  in  that  if  the  capacity  of  a 
lock  canal  is  based  upon  such  ideal  conditions  there  will  be  serious 
disappointment  in  what  it  can  do.  In  the  first  place,  one-third  of 
each  year,  approximately  speaking,  and  very  closely  approximately 
speaking,  the  lock  at  the  Soo  is  out  of  commission;  that  is,  during 
four  months  of  winter  and  the  freezing  weather  at  one  end  or  the 
other  of  that  period.  That  time  is  devoted  to  fundamental  repairs 
and  to  putting  the  whole  plant  in  order.  These  conclusions  which  I 
have  just  given  you,  and  which  can  be  verified  by  turning  to  pages 
398  and  399  of  the  report,  are  based  upon  the  eigHt  months'  working 
experience  each  year  of  the  traffic  at  the  Soo,  There  would  be  no  such 
period  on  the  Isthmus,    The  canal  would  always  be  in  commission. 

How  much  time  should  be  taken  out  of  the  year  to  charge  to  neces- 
sary repairs  of  these  great  locks  and  their  great  machinery  plants  it 
is,  of  course,  impossible  to  state  definitely,  but  I  should  think  that 
one-quarter  of  the  whole  time  was  not  an  excessive  estimate.  There 
must  be  some  definite  and  material  time  given  to  that  purpose. 

Senator  Morgan.  Is  a  quarter  of  the  time  requisite  for  repairing 
the  locks  at  Sault  Ste.  Marie? 

Mr,  BuRK.  The  locks  there  are  out  of  commission.  Senator,  about 
four  months  in  every  year. 

Senator  Morgan,  I  mean  of  the  time  they  are  in  commij^sion  ? 

Mr.  Burr.  Oh,  no,  sir;  when  they  are  in  commission  the  average 
may  not  be  more  than  two  or  three  days  a  month. 

Senator  Morgan.  Has  it  been  that  high  even  ? 

Mr.  Burr.  I  think  it  has  been  higher,  and  it  has  been  lower ;  but  it 
is  a  small  amount  during  the  eight  months.  The  repairs  are  all  made 
during  the  winter — repairs  to  the  locks  and  machinery.  Three  months 
may  fe  too  much  or  not  enough ;  but  there  must  be  some  time  assigned 
to  that.  Suppose  that  instead  of  one-quarter  it  is  one-sixth,  if  you 
please,  to  illustrate  the  point — and  that  is  my  only  purpose.     Sup- 
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pose  we  say  that  there  would  be  five-sixths  of  the  time  in  which  the 
operation  of  these  locks  would  correspond  to  the  operating  of  the 
locks  at  the  Soo  during  two-thirds  of  the  time. 

Senator  Morgan.  But  the  twin  locks,  as  proposed,  would  reduce 
that  loss  of  time  one-half. 

Mr.  Burr.  No;  I  am  speaking  of  each  set  of  locks  in  itself.  We 
are  now  considering,  Senator,  the  maximum  capacity  of  the  canal 
when  the  traffic  is  very  close  to  the  limit. 

Senator  Morgan.  Very  good. 

Senator  Kittredge.  I  understand  you  to  say,  Mr.  Burr,  that  the 
capacity  of  the  canal  is  limited,  of  course,  by  the  capacity  of  the  locks. 
Is  that  right? 

Mr.  Burr.  It  is  limited  by  the  capacity  of  the  locks. 

Senator  Kittredge.  That  is  the  point  you  make? 

Mr.  Burr.  Yes,  sir;  that  is  the  point. 

If,  as  I  l^elieve  will  be  the  case,  it  is  first  considered  unsafe  to  rush 
ships  through  the  locks  in  that  way — ^two  in  a  series  at  the  same 
time — the  interval,  instead  of  being  fifty  minutes  and  thirty-nine  sec- 
onds, will  be  eiffhty-four  minutes  and  twelve  seconds,  or,  say,  an  hour 
and  a  half.  That  alone  would  drop  the  traffic  to  about  ten-seven- 
teenths. Both  the  Comity  Technique  and  the  former  Isthmian  Canal 
Commission  of  1899-1901,  who  made  a  very  careful  study  of  this  same 
problem,  concluded  from  such  experience  as  existed  at  those  dates  that 
instead  of  taking  sixty-eight  one-hundredths  as  the  factor  five-tenths 
only  should  be  taken,  and  that,  I  believe,  is  as  high  as  it  is  safe  to  take 
it.  We  shall  have  six  locks  on  this  canal  instead  of  one,  of  approxi- 
mately 50  per  cent  greater  lift  for  each  lock,  and  with  all  the  con- 
tingent elements  of  delays,  which  increase,  not  pro  rata,  but  in  a 
hi^er  ratio,  where  there  are  a  number  of  locks  in  series  and  a  number 
of  locks  to  pass  through. 

Senator  Morgan.  What  plan  do  you  refer  to  as  containinir  six 
locks?  .       . 

Mr.  Burr.  The  minority  plan. 

Senator  Kittredge.  That  has  six  locks,  three  on  either  side? 

Mr.  Burr.  Yes,  sir;  three  on  either  side,  the  total  number  being 
six.  So  that  we  should  have  to  multiply  10/17  by  25/34,  which  is 
43/100,  or,  we  will  say,  one-half.  Those  simple  corrections,  which 
are  liable  to  be  made  and,  in  my  judgment,  will  be  made,  would  re- 
duce the  traffic  from  70,560,000  to  less  than  35,000,000  tons. 

Senator  Kittredge.  Do  you  know  how  that  tonnage  compares  with 
that  passing  through  the  Suez  Canal?  Have  you  those  figures  in 
mind  ? 

Mr.  Burr.  Yes,  sir;  I  can  turn  to  them  right  here.  It  is  much 
greater.  I  think  that  the  Silez  traffic  is  about  19,000,000  tons,  is  it 
not.  General  ? 

General  Davis.  It  has  run  nearly  that  in  the  last  year;  pretty 
close  to  that. 

Senator  Morgax.  Nineteen  million  ? 

Mr.  Bi  RR.  Nineteen  million  tons. 

General  Davis.  This  last  year. 

Senator  Morgan.  About  one-half  the  capacity  of  the  Soo? 

General  Davis.  The  Soo  has  run  about  40,000,000  tons  last  year. 

Jlr.  Bi  RR.  The  minority,  basing  its  conclusions  upon  the  opera- 
tions of  the  Soo  lock,  would  make  the  time  of  passage  through 
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this  series  of  three  locks  eighty-four  minutes  and  twelve  seconds; 
that  is,  if  I  make  no  error;  and  if  I  do,  I  shall  be  very  glad  to  be 
corrected  by  the  minority.  But,  using  their  own  figures,  I  get  that 
result. 

Senator  Morgan.  May  I  ask  right  there  whether  any  ships  are 
excluded  from  the  Soo  now  on  account  of  their  size  ? 

Mr.  Burr.  I  can  not  answer  that  question.  Senator.  There  may  be, 
on  account  of  the  draft,  possibly.  They  are  now  enlarging  it,  deep- 
ening it.  I  am  inclined  to  think  that'thei^e  have  been  a  few  such 
cases. 

Senator  Morgan.  Ships  above  that  draft  are  excluded  from  the 
Soo — 12  feet  is  it  not  ? 

Mr.  Burr.  I  do  not  think  there  are  any  ships  excluded  from  the 
Soo,  because  all  the  Lake  ships,  of  couise,  would  be  built  in  view  of 
the  Soo  locks. 

Senator  Morgan.  They  would  be  excluded  if  they  drew  more  than 
12  feet,  would  they  not  ? 

Mr.  Burr.  Oh,  no,  sir;  it  is  20  or  perhaps  21  feet  over  the  sill — 
I  have  forgotten  exactly  what  it  is. 

Senator  Morgan.  It  was  formerly  12  feet  ? 

Mr.  Burr,  Yes,  sir;  it  has  been  increased  a  number  of  times.  Of 
course,  if  there  were  any  ships  on  the  lake  that  required  more  water 
than  would  be  afforded  by  the  Soo  lock  on  the  sill  they  could  not 
pass  through  it ;  but  I  do  not  think  there  is  any  such  ship.  In  fact, 
there  are  not  any  such  ships  on  the  Lakes,  because  the  Lake  vessels 
are  built  for  the  purpose  oi  meeting  the  provisions  of  the  lake  harbors 
and  the  Soo  Canal.  I  will  mention  in  passing — and  I  shall  come  back 
to  that  later — ^that  a  much  larger  and  deeper  lock  is  about  to  be  built 
at  the  Soo. 

Senator  Morgan.  On  the  other  side  or  on  our  side  ? 

Mr.  Burr.  On  our  side. 

On  the  basis,  therefore,  of  the  minority,  the  time  of  a  ship  passing 
the  three  locks  in  series  would  be  eighty-four  minutes  and  twelve 
seconds,  Mr.  J.  W.  Welcker,  the  Dutch  member  of  the  consulting 
board,  who  has  had  a  most  extended  experience  with  large  marine 
locks,  makes  a  much  more  conservative  estimate  of  the  time  required 
to  pass  this  series  of  three  locks.  He  would  make  the  time,  with  a 
1,000- foot  lock  (a  little  longer  than  if  they  were  900  feet)  about  one 
hundred  and  seventj^-two  minutes — nearly  double.  While  it  may  be 
said  that  the  minoritv  estimate  is  based  upon  actual  experience,  it  is 
equally  true  that  Mr.  Welcker's  estimate  is  also  based  upon  experience. 

So  you  see  that  it  is  scarcely  safe  to  take  too  sanguine  a  view  of  this 
quick  passage  of  the  Gatun  locks.  And  even  if  we  do  accept  the 
quick  passage  of  the  Gatun  locks,  the  conditions  of  operation  will,  in 
all  probability,  be  such  as  to  cut  its  capacity  from  70,000,000  down  to 
less  than  half  that,  in  order  to  avoid  the  unusual  dangers  which  will 
accompany  the  operation  of  such  a  series  of  great  locks.  That  esti- 
mate, even,  is  based  upon  conditions  that  can  never  exist.  That  is, 
it  is  based  upon  ships  arriving  at  Colon  or  at  Panama  in  series,  on 
programme  time,  so  that  they  can  enter  the  lock  immediately  on 
their  reaching  the  ends  of  the  canal.  Ships  do  not  enter  port  in 
that  way.  They  sometimes  come  at  the  right  time  to  enter  the  lock 
immediately.  Thev  more  frequently  come  in  groups  or  fleets.  In- 
stead, therefore,  of  having  this  ideal  adjustment  of  ships  arriving 
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just  at  the  time  to  go  through,  they  will  arrive  in  fleets  or  groups — 
rememberinff  all  the  time  that  we  are  now  considering  the  conditions 
of  things  which  exist  with  the  traffic  capacity  about  at  the  limit  of 
the  provisions  of  the  canal. 

Suppose  half  a  dozen  ships — ^and  under  such  conditions  there  mi^ht 
easily  oe  more — should  arrive  at  one  end  of  the  canal  within  a  period 
of  two  or  three  hours.  Only  one  at  a  time  could  enter  the  canal 
if  the  harbor  were  free  on  their  arrival.  The  last  of  those  ships 
would  go  through  only  after  a  delay  of  a  considerable  number  of 
hburs.  And  if  other  ships  should  arrive,  as  they  probably  would, 
while  that  group  was  waiting,  those  would  be  involved  in  a  still 
greater  delay,  and  so  on.  You  would  have  a  delay  of  hours  upon 
hours,  and  it  miffht  be  even  davs  for  some  members  of  such  an  arriv- 
ing fleet  before  they  could  get  through  the  canal. 

.That  is  not  an  iaeal  or  a  theoretical  condition.  It  is  precisely  the 
condition  which  the  arrival  of  ships  in  ports  ordinarily  justifies.  It 
is  a  condition  which  would  inevitably  exist  if  the  number  of  vessels 
approaching  this  canal  for  accommodation  anywhere  near  reached  the 
limit  of  its  capacity. 

Senator  Morgan.  Would  not  the  same  objection  apply  equally  to  a 
sea-level  canal,  where  you  had  to  pass  a  lock  gate  to  get  into  it? 

Mr.  Burr.  No;  it  would  no£,  Senator.  One-half  of  the  time  the 
tidal  gates  would  be  wide  open,  and  the  ships  would  simply  pass  in 
as  fast  as  they  arrived,  one  after  the  other,  and  during  the  extreme 
tides,  when  the  lock  would  have  to  be  used,  it  would  be  a  single  lock, 
like  the  St.  Marys  Falls,  but  with  only  half  of  the  lift  of  that  lock — 
that  is,  assuming  that  the  tidal  lock  must  necessarily  be  there,  and 
that  is  what  we  do  assume.  So  that  there  could  be  no  such  congestion 
with  a  sea-level  canal,  and  that  is,  to  my  mind,  one  of  the  most  im- 
portant elements  of  the  whole  question. 

It  is  impossible  to  avoid  this  congestion  which  I  have  just  outlined 
when  the  traffic  reaches  any  considerable  magnitude.  If  there  are 
only  a  few  vessels  coming  now  and  then  such  conditions  will  be 
avoided.  But  it  is  simply  impossible  correctly  to  estimate  a  capacity 
for  that  lock  canal  which  is  even  one-half  of  that  assigned  to  it  by  the 
minority,  taking  into  account  the  actual  practical  conditions  which 
will  inevitably  exist  when  the  traffic  increases. 

As  a  matter  of  fact,  if  you  will  imagine  what  will  take  place  a 
little  further  you  immediately  reach  a  position  where  you  find  some 
ships  that  will  never  go  through  the  canal  but  which  will  have  to  ^o 
around  the  lower  end  of  South  America  to  get  to  their  destination,  if 
they  are  passing  from  the  Atlantic  to  the  Pacific.  Suppose  you  have 
a  fleet  of  ships  arriving  within  some  one  day,  it  being  assumed  that 
the  ideal  programme  is  that  corresponding  Verv  nearly  to  the  limit 
of  the  capacity  of  the  canal,  so  that  every  eignty-four  minutes,  we 
will  say,  a  ship  goes  into  the  lock. 

The  fleet  of  ships  arrives,  and  it  is  followed  by  one  or  two  at  the 
ordinary  intervals.  Those  ships  pass  in  through  the  locks  one  after 
another,  as  soon  as  they  can,  and  we  will  assume  that,  for  the  relief 
of  the  situation,  there  will  be  periods  when  no  ship§  arrive,  so  that 
after  a  day  or  two  or  two  or  three  days,  if  ships  have  been  lying  there 
that  long,  one  of  these  void  spaces  occurs  and  they  can  all  get 
through.  That  makes  an  equal  balance.  But  suppose  it  does  not 
occur  that  you  have  void  spaces  of  considerable  length,  and  then  a 
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number  of  ships  arriving  are  sufficient  to  more  than  make  lip  for  that 
vacant  space,  and  suppose  you  have  no  void  spaces  after  that  time. 
You  then  get  into  such  a  confusion  of  congestion  that  some  of  those 
ships,  theoretically-^that  is,  figuring  on  the  same  basis  which  is 
used  in  the  minority  report — that  some  of  those  ships  will  never  get 
through.  That  is,  there  must  be  a  precise  adjustment  between  me 
fleets  and  the  subsequent  void  spaces  in  order  to  get  them  through  the 
canal  at  all. 

Of  course  there  would  be  no  such  condition  as  a  ship  never  gettinjg 
through.  The  ship  would  get  through,  but  others  would  have  to  wait 
in  its  place.  There  might  be  delavs  of  a  week  or  two,  or  two  or  three 
weeks,  or  even  of  a  month,  when  tne  traffic  reaches  nearly  the  limit  of 
capacity  of  the  canal. 

Senator  Morgan.  But  would  not  ships  going,  for  instance,  from 
Hongkong  to  Panama,  as  a  matter  of  common  practice,  want  rest  and 
refr^hment  for  their  crews  before  passing  tnrough  the  canal  and 
going  on  to  Liverpool  ? 

Mr.  Burr.  Many  would.  They  would  not  stay  there  any  longer 
than  was  necessary  to  accomplish  their  purpose;  but  they  would 
want  to  stop  for  communication  with  the  shore,  to  get  their  papers,  to 
pav  dues,  and  so  on.  . 

Senator  Morgan.  To  get  fruits  and  market  supplies,  and  so  on  ? 

Mr.  Burr.  Yes,  sir. 

Senator  Morgan.  To  get  fresh  food  ? 

Mr.  Burr.  Yes ;  thev  would. 

Senator  Morgan.  That  being  the  fact,  that  many  would  want  to  do 
that,  would  it  not  be  desirable  to  have  a  lake  inside  the  route  in  which 
they  could  make  anchorage  ? 

Sir.  Burr.  I  should  think  it  would  be  more  desirable  to  have  all 
that  kind  of  business  and  ,those  affairs  attended  to  at  the  terminal 
ports  rather  than  at  any  interior  point,  because,  of  course,  the  offices 
of  the  canal  would  be  at  one  terminal  or  the  other,  and  the  markets 
for  supplies  would  naturally  grow  up  there. 

Senator  Morgan.  How  about  getting  rid  of  barnacles,  seaweed,  etc., 
in  fresh  water? 

Mr.  Burr.  I  do  not  believe  that  any  ship  with  a  carload  of  freight 
would  stop  in  any  lake  on  the  Isthmus  to  clean  off  its  bottom. 

Senator  Morgan.  Even  though  it  might  increase  its  speed  to  the 
port  of  destination  by  two  or  three  days  ? 

Mr.  Burr.  There -might  be  some  extreme  case  of  that  kind,  per- 
haps, but  it  would  be  phenomenal.  I  think  that  when  a  ship 
gets  a  cargo  at  one  port  and  clears  for  another  it  is  going  to  get  to 
that  other  port  and  discharge  its  cargo  and  take  on  another  one 
and  earn  its  money  just  as  rapidly  as  it  can.  Whenever  its  bot- 
tom becomes  foul  enough  to  require  cleaning  it  will  attend  to  that 
at  some  convenient  port. 

Senator  Morgan.  How  will  it  be  with  war  ships  that  would  have 
to  ffo  abroad  toget  into  dry  dock  in  order  to  be  cleaned? 

Mr.  Burr.  Wellj  of  course  a  war  ship  is  not  subject  to  the  same 
laws  of  business  trips  that  merchant  ships  are.  They  might  at  times 
anchor  in  any  convenient  water,  whether  an  interior  lake  or  not. 

Senator  Morgan.  They  would  have  to  find  the  lake  before  they 
could  anchor  in  it,  would  they  not?  ' 

Mr.  Burr.  Yes ;  but  they  would  anchor  at  the  terminal  ports. 
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Senator  Morgan.  But  that  would  be  in  salt  water? 

Mr.  Burr.  I  did  not  understand  your  question.  You  mean  for  the 
purpose  of  cleaning  their  bottoms  t 

Senator  Morgan.  That  is  exactly  what  I  mean.  I  am  speaking 
of  vessels  making  trips  from  ocean  to  ocean. 

Mr.  Burr.  I  think  they  would  go  to  a  dock. 

Senator  Morgan.  How  far  do  you  think  it  would  be  preferable  to 
go  to  a  dock  rather  than  to  go  into  a  lake  of  fresh  water,  that  would 
clean  them  without  any  effort? 

Mr.  Burr.  I  am  not  a  naval  expert,  but  I  know  that  the  regular 
practice  is  not  to  go  into  fresh  water,  but  to  go  into  dock  and  clean  up 
and  make  repairs. 

Senator  Morgan.  Is  not  the  regular  practice  founded  on  the  fact 
that  the  fresh  water  is  not  availabte,  ana  they  can  not  get  into  a  lake? 

Mr.  Burr.  But  they  can  get  into  fresh  water,  Senator.  There  are 
many  large  rivers  discharging  into  the  sea  that  are  perfectly  accessible 
for  ships  of  the  greatest  draft. 

Senator  Morgan.  But  outside  of  the  route  of  travel? 

Mr.  Burr.  Some  are  and  some  are  not.  A  war  ship  could  go  up 
the  Hudson  and  get  into  fresh  water  very  easily,  but  I  have  never 
heard  of  one  resorting  to  that. 

Senator  Morgan.  Maybe  the  accommodations  are  not  as  good  up 
the  river  as  they  are  in  New  York  for  the  naval  officers.     [Laughter.] 

Mr.  Burr.  The  attractions  are  greater  at  the  city,  I  suppose. 
[Laughter.] 

Senator  Morgan.  But  if  they  were  compelled  to  take  a  route  that 
had  fresh  water  in  it,  they  probably  might  loiter  for  a  day  or  two 
or  four  or  five  dajrs,  or  even  a  month,  to  clean  themselves? 

Mr.  Burr.  I  think  there  would  have  to  be  some  other  reason  than 
that  before  many  of  them  would  do  it.  I  doubt  very  much  whether 
that  would  be  much  of  a  consideration. 

Senator  Morgan.  We  have  had  a  good  deal  of  testimony  before  this 
committee  as  to  the  great  advantages  of  being  able  to  clean  a  ship  by 
putting  it  in  a  mass  of  fresh  water.  There  has  been  a  great  deal  of 
expert  testimony  on  that  point.     I  just  wanted  to  ask  you  about  it. 

Senator  Taliaferro.  Do  you  suppose  they  would  want  to  stop  there 
in  the  Chagres  -country  in  the  summer  season  and  clean  the  ship's 
bottom  ? 

Senator  Morgan.  Well,  I  do  not  know  about  that.  I  suppose  they 
could  put  mosquito  bars  all  over  the  ship  and  keep  the  Stegomyia  out. 
I  suppose  they  could  do  that ;  yes.  [Laughter.]  It  would  be  better, 
thougn,  after  all,  to  go  through  Lake  Nicaragua,  where  there  never 
was  a  case  of  yellow  fever.     [Laughter.] 

Senator  Kittredge.  At  some  time  before  you  leave  this  question  of 
locks,  Mr.  Burr,  I  wish  you  would  tell  us  about  the  decrease  in  size 
of  the  locks  proposed  by  the  minority  over  that  as  suggested  by  tiie 
full  board.     I  do  not  know  whether  this  is  a  convenient  point  or  not 

Mr.  Burr.  Yes;  that  might  just  as  well  be  taken  up  now  as  at  any 
time.     It  is  a  short  matter,  only. 

The  law  requires  that  this  canal  shall  afford  convenient  accommo- 
dations for  the  largest  ships  afloat,  or  those  which  may  be  reasonably 
anticipated  for  the  future.  Of  course  it  is  a  matter  of  judgment  as 
to  what  that  last  provision  may  mean — ^what  reasonable  anticipation 
of  the  future  is;  but  there  are  certain  elements  of  the  question  which 
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are  very  plain.    There  are  no  ships  afloat  800  feet  long,  but  there  are 
ships  building  800  feet  in  length  and  88-foot  beam. 

Senator  Morgan.  Do  you  Imow  where  they  are  to  run? 

Mr.  Burr.  They  are  to  run  on  the  Cunard  Line  between  New  York 
and  Liverpool.  They  are  designed  to  run  there.  They  are  being 
built  by  the  Cunard  Line. 

Senator  Morgan.  Those  big  ships  will  be  a  mutual  advantage  to 
both  countries  ? 

Mr.  Burr.  I  should  say  so. 

Senator  Morgan.  But  if  a  big  ship,  800  feet  long,  or  one  of  the 
size  of  those  Cunarders  that  are  being  projected,  sails  from  Liver- 
pool to  Hongkong  without  breaking  buUc,  how  would  it  be  thent 

Mr.  Burr.  I  do  not  know  that  I  understand  your  question. 

Senator  Morgan.  Well,  suppose  you  load  one  of  tnose  Noah's  arka 
at  Liverpool  with  everything  in  the  world  that  can  be  put  into  it — 
and  30  train  loads  can  be  loaded  into  one  ship — and  it^  destination 
is  through  this  canal  to  Hongkong? 

Mr.  Burr.  Yes. 

Senator  Morgan.  What  advantage  will  the  American  people  get 
out  of  that? 

!Mr.  Burr.  Well,  if  tolls  are  charged,  they  get  the  tolls,  and  if  there 
is  any  collateral  business  done  with  the  ship  with  American  interests 
in  the  Zone«  such  as  coaling,  they  will  get  the  advantage  of  thai.  The 
indirect  advantage  of  the  stimulation  of  general  commerce  over  the 
world  is  rather  obscure  and  intangible,  but  still  it  is  a  real  factor. 
Then,  it  is  not  unlikely,  in  fact,  I  should  say  that  it  would  be  practi- 
cally certain,  that  if  English  interests  should  find  it  advisable  to  run. 
great  ships  like  that  to  oriental  ports,  American  interests  would  not 
be  far  behind  them. 

Senator  Morgan.  They  would  still  be  behind  them,  though,  if  not 
far  behind,  would  they  not? 

Mr.  Burr.  I  do  not  know  whether  they  would  or  not.  They  might 
be  ahead  of  them. 

Senator  Morgan.  They  are  behind  them  now  in  that,  are  they  not? 

Mr.  Burr.  They  are  now,  but  the  present  condition  may  not  last. 

Senator  Morgan.  And  they  are  very  likely  to  stay  behind.  The 
small  American  ships  would  certainly  be  behind  ? 

Mr.  Burr.  Yes. 

Senator  Morgan.  They  would  be  very  far  behind  ? 

Mr.  BuRR.^There  will  always  be  a  great  deal  of  business  for  small 
ships.     I  think  there  is  no  doubt  about  that. 

Senator  Morgan.  In  your  investigations  of  this  subject  in  regard 
to  the  size  of  locks,  deptn  of  canal,  etc.,  have  you  ever  taken  into  con- 
sideration the  fact  that  Great  Britain  is  not  preparing  the  Suez 
Canid  for  the  accommodation  of  these  enormous  ships? 

Mr.  Burr.  Not  yet;  but  I  am  impressed  by  the  fact  that  ever 
gince  the  Suez  Canal  was  finished — ^and  it  was  built  as  a  private  cor- 
poration— ^they  have  been  doing  nothing  but  enlarge  it  from  tiiat 
time  to  the  present,  and  nobody  knows  when  they  will  cease  enlarg- 
ing it  I  think  before  they  get  through  they  will  have  accommoda- 
tions for  the  800-foot  ships,  or  perhaps  for  larger  vessels. 

Senator  Morgan.  I  suppose  that  would  depend  upon  whether  we 
furnished  a  channel  through  which  an  800-foot  ship  could  go  from 
Liverpool  to  Hongkong  on  a  very  much  shorter  line? 
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Mr.  Burr.  I  do  not  know  that  it  would,  Senator.  It  might,  but 
the  dimensions  of  ships  have  been  increasing  steadily  and  rapidly  for 
many  years,  and  at  the  present  time  there  is  no  evidence,  so  far  as  I 
know,  to  lead  us  to  suppose  that  that  increase  is  not  to  be  maintained 
for  some  time  in  the  future. 

Senator  Morgan.  That  depends,  does  it  not,  upon  the  accumulation 
of  capital  in  great  navigation  and  ship-owning  companies? 

Mr.  BtTRR.  Doubtless. 

Senator  Morgan.  There  is  no  doubt  about  that.  Is  there  any 
necessity  for  providing  accommodations  for  that  class  of  people  'and 
cutting  "out  the  men  or  small  companies  that  can  not  own  those  big 
ships? 

Mr.  Burr.  I  do  not  know.  Senator,  that  that  cuts  out  anybody. 
It  is  like  all  business.  Those  who  are  most  favorablv  circumstanced 
to  get  the  largest  amount  of  business  will  get  it,  and  others  will  get 
what  they  can. 

Senator  Morgan.  Is  it  necessary  that  we  should  provide  ways  and 
means  by  which  the  capitalists  can  combine  in  great  companies  for 
the  purpose  of  killing  off  the  smaller  steamers  ? 

Mr.  Burr.  Oh,  no.  I  do  not  think  that  is  the  effect  of  such  a  water- 
way as  this.  In  fact,  it  seems  to  me  that  a  free  and  open  waterway 
in  any  line  of  commerce,  whether  it  is  on  this  line  or  any  other,  will 
stimulate  all  lines  of  business,  both  those  served  by  great  appliances 
and  those  served  by  smaller  ones. 

Senator  Morgan.  No  sailing  ship  ever  can  pass  through  either  a 
lock  canal  or  a  sea-level  canal  at  Fanama  for  the  reason  that  it  can 
not  get  awav  from  there  with  its  sails  out  through  the  doldrums. 
You  admit  that,  do  you  not? 

Mr.  Burr.  No,  sir;  I  do  not  admit  that  it  could  not  get  away. 
There  have  been  sailing  vessels  going  in  and  out  of  the  harbor  of 
Panama  for  four  hundred  years. 

Senator  Morgan.  How  many  of  them  are  going  there  now  ? 

Mr.  Burr.  There  are  very  few  going  anywhere  now. 

Senator  Morgan.  There  are  plenty  of  them  running  up  and  down 
the  coast  and  across  the  ocean  in  every  direction. 

Mr.  Burr.  Relatively  a  small  number. 

Senator  Morgan.  Not  relatively  a  small  number.  There  is  very 
close  to  a  perfect  equality  in  tonnage  between  sail  and  steam  vessels 
to-day. 

Mr.  Burr.  I  know,  in  coastwise  business. 

Senator  Morgan.  There  are  hydrographic  surveys  made  by  the 
Government  covering  a  period  of  more  than  one  hundred  years  that 
show  that  sailing  ships  can  not  afford  to  pass  through  the  doldrums 
back  and  forth  across  the  Pacific;  that  there  is  no  wind.  So  that  tliis 
Panama  Canal  will  never  carry  a  sailing  ship  through  it  that  is  des- 
tined, for  instance,  from  Liverpool  to  Hongkong. 

Mr.  Burr.  Well,  I  do  not  know  about  that.  Senator.  That  may  or 
may  not  be. 

Senator  Morgan.  Have  you  studied  it  ? 

Mr.  Burr.  Oh,  yes;  those  questions  have  been  before  every  com- 
mission that  has  considered  this  subject. 

Senator  Morgan.  Have  they  not  deliberately  resolved  that  it  is 
better  to  sacrifice  all  the  sailing  ships  and  all  their  business  than  to 
miss  having  a  canal  through  Panama? 
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Mr.  Burr.  I  do  not  know  of  anyone  that  has  done  that. 

Senator  Morgan.  Have  you  not  resolved  that  among  the  commis- 
sions that  you  have  been  on  ? 

Mr.  Burr.  No,  sir 

Senator  Morgan.  Is  not  that  the  result  of  your  action? 

Mr.  Burr.  I  do  not  believe  that  many  sailing  ships  would  ever  use 
an  isthmian  canal  whereever  it  mi^ht  be  placed.  Although  I  think 
there  would  be  one  once  in  a  while,  it  would  have  to  be  taken  through 
with  a  tug,  of  course. 

Senator  Morgan.  Yes. 

ilr.  Burr.  And  it  might  have  to  be  taken  across  the  Bay  of  Pan- 
ama by  a  tug,  or  it  might  not.  It  would  depend  upon  circumstances. 
I  have  seen  a  great  deal  of  wind  about  the  city  of  Panama.  I  do  not 
know  how  far  down  the  bay  it  extends. 

Senator  Morgan.  Have  you  never  investigated  the  proposition  laid 
down  in  the  hydrographic  reports  to  the  effect  that  a  sailing  ship  can 
not  pass  through  the  doldrums  with  any  possibility  of  a  profitable 
voyage  without  being  assisted  from  200  to  600  miles  into  the  ocean 
with  a  tug? 

Mr.  Burr.  That  may  be. 

Senator  Morgan.  Is  it  not  so  ? 

Mr.  Burr.  Well,  I  do  not  know,  Senator,  as  I  should  be  willing  to 
subscribe  to  so  drastic  an  expression  of  it  as  that.  The  general 
features  are  in  accordance  with  that  statement. 

Senator  Morgan.  You  are  willing  to  go  as  far  as  the  hydrographic 
surveys  have  proven  the  facts  to  exist,  are  you  not? 

Mr.  Burr.  Yes ;  certainly. 

Senator  Morgan.  Has  your  Commission  or  any  commission  that 
you  have  been  on  ever  considered  the  question  of  cutting  off  the  trans- 
portation power  of  the  United  States  and  excluding  half  of  it  or 
about  half  of  it  from  the  privileges  of  this  canal  that  they  are  taxed 
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Burr.  That,  Senator,  is  getting  into  a  question  that  I  should 
not  hesitate  to  discuss  if  it  were  in  fine  with  these  canal  questions, 
but  it  does  not  seem  to  me  to  be  so.  There  is  no  question  about  the 
fact  that  the  vicinity  of  the  Bay  of  Panama — in  fact,  the  adjoining 
portions  of  the  Pacific  Ocean — are  not  attractive  places  for  sailing 
ships,  but  I  do  not  believe  that  the  consideration  of  the  disadvantages 
to  sailing  ships  has  ever  had  the  slightest  weight  in  deciding  upon  9ie 
Panama  route.  I  believe  that  no  sailing  ships  to  speak  or  would 
ever  use  an  isthmian  canal,  whether  it  was  located  at  Nicaragua, 
Panama,  or  anywhere  else. 

Senator  Morgan.  I  would  like  you  to  state  some  reasons,  if  you 
have  any,  why  no  sailing  ship  would  ever  use  the  Nicaragua  Canal. 

Mr.  fiuRR.  Simply  because  it  would  be  a  very  costly  operation  to 
take  a  ship  through. 

Senator  Morgan.  For  tugging? 

Mr.  Burr.  Yes;  and  for  tolls. 

Senator  Morgan.  From  San  Juan  over  to  Brito? 

Mr.  Burr.  It  would. 

Senator  Morgan.  How  much  would  it  cost  a  ship? 

Mr.  Burr.  I  can  not  tell  you  exactly. 

Senator  Morgan.  Your  reports  show. 
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Mr.  BxxRR.  I  am  sorry,  sir,  that  my  memory  has  not  sufficient  ca- 
pacity to  enable  me  to  remember  the  details  of  the  figures. 

Senator  Morgan.  I  will  assume  the  responsibility  of  stating  that  it 
is  very  trifling,  sir. 

Gomg  anywhere  through  there,  direct  across  the  ocean  or  up 
through  that  depression  in  the  Cordilleras,  across  that  lake,  do  not 
the  trades  blow  perennially  and  powerfully  as  long  as  any  trades 
blow  ? 

Mr.  BuBR.  There  are  strong  winds  blowing  on  the  Lake  of  Nica- 
ra^a. 

Senator  Morgan.  And  clear  through  as  far  as  Hongkong — ^the 
trade  winds  ? 

Mr.  Burr.  You  get  fair  winds  in  that  part  of  the  Pacific. 

Senator  Morgan.  Do  you  not  get  the  whole  force  of  the  trade 
winds? 

Mr.  Burr.  You  get  what  winds  there  are. 

Senator  Morgan.  Well,  they  are  the  trade  winds,  are  they  not,  just 
as  certain  as  the  tides? 

Mr.  Burr.  The  trade  winds  are  not  found  off  the  coast  of  Nica- 
ragua. The  winds  blow  in  the  direction  of  the  trades  at  times,  but 
you  lose  the  trades  when  you  pass  the  Lake  of  Nicaragua,  practically. 

Senator  Morgan.  Going  which  way? 

Mr.  Burr.  Going  from  the  CaribbNean  to  the  Pacific 

Senator  Morgan.  To  the  Pacific? 

Mr.  Burr.  Yes,  sir. 

Senator  Morgan.  Well,  I  must  leave  you  to  the  hydrographic  sur- 
veys on  that.  I  have  np  personal  opinion  about  it^  because  I  have 
never  sailed  through  there. 

Mr.  Burr.  I  am  speaking  from  my  personal  experience  on  the 
ground. 

Senator  Morgan.  I  still  have  to  confront  you  with  the  hydro- 
graphic  surveys  that  show  that  the  trades  blow  perenniallv  through 
uiat  funnel  there,  right  out  by  Hawaii  to  the  nortn  end  of  the  Philip- 
pines and  to  Hongkong. 

Mr.  Burr.  Oh,  yes,  sir;  there. 

Senator  Morgan.  Clear  across  the  ocean.  A  man  can  set  his  sails 
there,  put  his  helm  in  the  right  position,  and  never  chanse  his  sails 
until  he  gets  across,  because  he  is  carried  over  by  the  traoes.  Is  not 
that  a  fact? 

Mr.  Burr.  Well,  when  I  was  on  the  coast  of  Nicaragua,  at  Brito, 
there  was  a  strong  not  quite  southeast  wind  blowing,  a  strong  wind 
up  at  Corinto,  and,  in  fact,  all  down  that,  coast  on  the  Pacific  side; 
but  when  we  passed  from  Corinto  to  Panama  there  was  practically 
no  wind  at  all. 

Senator  Morgan.  From  Corinto  to  Panama? 

Mr.  Burr.  From  Corinto  to  Panama. 

Senator  Morgan.  There  was  no  wind  blowing  out  from  the  coast? 

"Mr.  Burr.  No,  sir.  You  practically  lose  the  trades  after  j^ou  pass 
Lake  Nicaragua  in  going  from  the  Caribbean  over  to  the  Pacific 

Senator  Morgan.  Where  do  they  go?  They  blow  perennially 
across  the  lake;  then  do  they  stop? 

Mr.  Burr.  They  do  stop,  as  wmds  do  here.  We  have  a  wind  blow- 
ing in  one  part  of  the  day  and  at  night  it  ceases;  and  you  have  the 
same  condition  down  there. 
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Senator  Morgan.  If  I  am  correct  in  my  hypothesis — ^that  the  condi- 
tion of  the  winds  cuts  off  all  the  shippmg  through  Lake  Panama — 
would  it  riot  be  a  parallel  case  if  these  ^eat  steamers,  800  feet  long  or 
longer^  should  take  the  trade  from  the  European  coast  to  the  Chinese 
coast  in  its  effects  upon  the  smaller  classes  ox  steamers? 

Mr.  Burr.  I  thinlc  that  the  effects  upon  the  general  prosperity  of 
the  country,  Senator,  should  be  considered,  ana  not  the  effects  upon 
some  special  portion.  I  do  not  believe,  myself,  that  it  would  have 
that  disadvantageous  effect  upon  the  smaller  ships.  I  believe  that 
there  will  always  be  a  great  trade  and  an  increasing  trade  to  be  car- 
ried in  the  smaller  vessels. 

Senator  Morgan.  You  think  that  there  will  be  a  great  and  an  in- 
creasing trade  to  be  carried  in  the  smaller  vessels  notwithstanding 
the  competition  of  these  immense  vessels  ? 

Mr.  Burr.  Notwithstanding  the  competition ;  yes. 

Senator  Morgan.  Notwithstanding  the  competition  of  these  im- 
mense vessels  that  could  carry  as  muwi  as  three  or  four  of  the  smaller 
ve^els? 

Mr.  Burr.  I  am  aware  of  that,  Senator,  but  their  commercial  field 
would  be  a  different  one  from  that  of  these  great  siiips.  We  have 
large  and  small  ships  now,  doing  business  in  various  directions,  and  I 
think  we  should  always  have  them  and  alwajrs  will  have  them. 

Senator  Morgan.  How  about  the  coastwise  trade  of  the  United 
States  that  has  to  double  the  Horn  ^ow  ? 

Mr.  Burr.  I  think  it  would  be  very  much  benefited  by  this  canal. 

Senator  Morgan.  Carrying  it  through  by  steamers? 

Mr.  Burr.  Carrying  it  through  by  steamers. 

Senator  Morgan.  But  a  great  deal  of  it  is  now  conducted  by  sail- 
ing ships  going  around  the  Horn.    Why  not  give  them  a  chance? 

Mr.  Burr.  They  may  have  a  chance.  They  may  go  through  the 
canal  if  they  wish  to. 

Senator  Morgan.  But  they  can  not  get  through. 

Mr.  Burr.  They  will  have  to  be  towed  throu^  by  tugs,  of  course. 

Senator  Morgan.  And  they  will  have  to  be  towed  out  to  sea  from 
200  to  600  miles,  so  that  they  can  get  a  wind. 

Mr.  Burr.  Very  well. 

Senator  Morgan.  I  was  looking  at  the  fairness  of  the  treatment 
between  two  classes  of  people  here  that  are  supposed  to  have  the  same 
rights;  but  I  suppose  they  have  not  got  them. 

Senator  KrrrREDGE.  Mr.  Burr,  now  tell  us  about  the  decreased  size 
of  the  lock  proposed  by  the  minority. 

Mr.  Burr.  Tne  board  decided  unanimously,  as  I  recall  the  vote — 
I  think  that  was  a  unanimous  vote,  was  it  not,  General  ? 

General  Davis.  It  was  2  to  11. 

Mr.  Burr  (continuing).  To  adopt  locks  whoso  dimensions  are 
1,000  feet  by  100  feet,  usable  length  and  width.  While  the  vote  was 
not  unanimous,  it  was  by  a  very  large  majority.  The  whole  question 
of  interests  affected  by  the  size  of  the  locks  was  considered  in  con- 
nection with  the  past  increase  of  ship  dimensions,  and  it  was  felt 
that  those  dimensions  were  as  small  as  should  be  adopted  in  view  of 
the  gT'owth  of  ships  during  the  past  ten  or  fifteen  years.  It  will  be 
certainly  from  nine  to  ten  years,  and  I  believe  it  will  be  ten  years 
from  this  time  before  the  Panama  Canal  is  opened  to  traific. 
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Now,  the  increase  in  len^h  of  ships  during  the  past  ten  years  has 
been  more  than  200  feet.  That,  I  believe,  is  a  reasonable  statement. 
It  is  not  possible  to  state  exactly  how  much  the  length  of  ships  has 
increased  year  by  year;  but  in  looking  back  at  the  greatest  ships 
afloat  ten  years  ago  and  those  which  are  now  being  built,  the  increase 
in  length  has  b^n  more  than  200  feet.  And,  as  I  have  already 
stated,  there  is  no  reason  to  believe  that  the  rate  of  increase  during 
the  next  ten  years  will  be  less  than  it  has  been  during  the  past  ten 
years. 

Senator  Morgan.  How  long  will  the  ships  be  then — a  thousand  feet 
lonff? 

Mr.  BuHR.  That  would  make  ships  approaching  a  thousand  feet  in 
length.  It  may  be  that  that  rate  of  increase  will  not  be  realized ;  but 
there  is  no  reason  whatever  to  suppose  that  it  will  not  be  very  nearly 
realized.  That  being  the  case,  a  lock  with  a  usable  length  of  900 
feet  will  not  be  sufficient  to  accommodate  the  largest  ships  afloat  at 
that  time.    The  1,000-foot  length  then  will  scarcely  be  sumcient 

Senator  Morgan.  Let  me  ask  you,  right  there,  if  a  steamer  a 
thousand  feet  in  length  would  not  find  a  great  deal  of  trouble  in 
gettingaround  the  curves  in  your  Culebra  cut? 

Mr.  jBurr.  I  do  not  think  so. 

Senator  Morgan.  You  do  not?  Mr.  Stevens  seems  to  differ  with 
you ;  but  of  course  you  have  a  right  to  your  opinion. 

Mr.  Burr.  I  do*  not  think  thaj  any  ship  even  a  thousand  feet  in 
length  would  have  the  slightest  difficulty  in  getting  around  those 
curves.  It  would  not  go  at  the  same  rate  of  speed  as  a  ship  of  half 
that  length. 

So  that  the  size  of  lock  which  has  been  designed  for  this  lock  plan 
has  a  reasonable  prospect  before  it  of  not  beine  able  to  accommodate 
the  ships  afloat  when  it  will  be  finished.  I  think,  therefore,  it  is  a 
lock  of  too  small  dimensions. 

When  we  look  back  upon  the  history  of  canal  building  from  the 
time  of  Telford  and  Bnndley  to  the  present  day,  one  hundred  and 
twenty-five  years  or  more,  we  see  one  invariable  procedure  constantly 
repeated.  That  is  the  cutting  down  of  summit  levels,  the  increase 
in  capacity  of  the  canal  prism,  the  increase  in  capacity  of  the  locks. 
That  has  been  the  invariable  history  of  every  system  of  canal  navi^- 
tion  in  the  world,  I  believe,  practically,  except  some  of  those  which 
were  started  in  the  early  days  of  this  country  and  went  out  of  exist- 
ence. But  it  has  been  so  with  all  the  European  countries,  from  the 
small  canals  of  England  on  to  the  present  time.  It  has  been  so  with 
the  Suez  Canal.  It  is  so  with  the  Manchester  and  the  Kiel  canals, 
and  of  course  it  has  been  markedly  so  with  the  Erie  Canal.  And  now 
we  see  here  proposed  a  feature  of  this  great  waterway  so  small  that 
there  is  only  one  reasonable  conclusion  to  be  drawn  from  it — that  it 
will  be  no  sooner  completed  than  that  same  process  of  reconstruc- 
tion will  immediately  have  to  be  begun. 

That  is  not  a  strained  view  of  the  situation.  It  is  in  accordance 
with  the  strict  facts  of  canal  experience  all  over  the  world,  and  it  has 
been  so  at  the  Soo.  During  the  past  forty  years  there  has  been  noth- 
ing but  a  series  of  reconstruction  of  locks  from  the  time  the  first 
lock  was  constructed  there  of  any  sensible  dimensions;  and  with  all 
the  praise  that  has  been  given  to  the  present  Poe  lock,  for  all  its 
capacity,  in  all  of  which  I  join  and  accord  fully,  the  United  States 
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is  to-day  starting  out  to  build  a  lock  there  with  75  per  cent  additional 
ca^dty  to  the  roe  lock  at  the  present  time. 

That  is  the  history  of  the  continuous  reconstruction  and  recon- 
struction and  reconstruction  of  the  locks  of  the  Soo;  and  that  is  not 
»n  exception. 

Senator  Morgan.  Is  that  increase  in  the  size  of  the  ships  and  the 
depth  under  water  on. the  sills  of  the  locks  due  to  the  increase  of 
commerce  ? 

Mr.  Burr.  It  is  due  to  the  increase  in  demands  for  accommoda- 
tion— ^yes;  the  increase  of  commerce. 

Senator  Morgan.  Have  we  not  had  full  capacity  in  that  canal  to 
accommodate  all  the  commerce  that  has  passed  through  it  for  the  last 
thirty -six  or  forty  years  ? 

Mr.  Burr.  We  have  certainly  passed  all  the  conmierce  that  has 
sought  it ;  but  we  would  spend  three  times — ^yes,  perhaps  ten  times — 
RS  much  as  has  been  spent  to  dig  away  that  lock  and  have  a  free  and 
oj)en  entrance  into  Lake  Superior  if  it  could  possibly  have  been  done. 
I  do  not  suppose  that  the  most  ardent  advocate  of  the  Poe  lock  at 
the  present  time  could  deny  that  were  it  physically  possible  to  take 
away  every  obstruction  to  and  constriction  of  the  lake  commerce  at 
the  Soo,  it  would  be  taken  away,  leaving  a  free  and  open  passage  into 
Lake  Superior;  and  in  that  case  there  would  be  more  ships  and  more 
commerce  than  there  is  to-day  passing  that  place. 

Senator  Morgan.  Are  not  the  real  facts  at  the  Soo  these — ^that  the 
necessity  for  a  CTeater  lock  is  not  so  much  to  accommodate  commerce 
that  has  not  hitherto  been  accommodated  as  it  is  to  enable  the  great 
capitalists  to  concentrate  their  money  in  building  larger  ships  and 
cutting  the  smaller  ones  out  of  the  Lakes? 

Mr.  Burr.  Well,  Senator,  I  do^not  take  such  a  sinister  view  of  the 
intentions  of  the  business  men  of  the  Northwest.  I  do  not  believe 
that  they  desire  to  annihilate  all  business  except  their  own.  Thej 
are  like  all  business  men,  I  suppose ;  they  desire  to  extend  their  busi- 
ness and  make  it  as  prosperous  as  possible. 

Senator  Morgan.  Have  you  known  of  any  instance  where  combina- 
tions of  capital  are  possible  that  they  did  not  go  into  them  for  that 
very  purpose  ? 

Mr.  Burr.  Well,  that  is  true. 

Senator  Morgan.  Yes ;  that  is  true. 

Mr.  Burr.  Those  are  great  questions  which 

Senator  Morgan.  If  it  is  true  in  bther  businesses,  it  is  equally  true 
in  controlling  the  commerce  or  navigation  on  the  Lakes. 

Mr.  Burr.  But  whatever  may  be  the  details  of  the  situation,  the 
actual  facts  stand — thdt  in  all  canal  enterprises  up  to  the  present 
time  the  end,  aim,  and  motive  of  the  management  has  been  to  reduce 
obstructions  to  navigation  and  increase  the  capacities  of  the  canals 
by  eliminating  locks  wherever  it  is  possible,  and  where  it  is  not  pos- 
sible by  increasing  their  size,  and  there  has  been  a  constant  system  of 
reconstruction  gomg  on  at  the  Soo  in  accordance  with  that  general 
result 

Senator  Morgan.  Has  not  that  been  under  the  pressure  of  capital 
that  demanded  larger  opportunities  for  monopolizing  the  trade? 

Mr.  Burr.  Well,  is  not  that  simply  saying,  Senator,  that  business 
has  increased  and  will  increase,  ana  ttiat  provision  must  be  made  for 
it?    It  may  be  that  some  features  of  business  development  are  not 
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conducted  in  the  most  commendable  way.  That  is  undoubtedly  so. 
Few  things  human  are  perfect.  But  it  strikes  me  that  what  we  have 
to  consider  in  this  view  is,  what  has  been  the  experience  with  canal 
constructions  and  canal  enterprises  heretofore  as  to  capacities  of  the 
canals  and  the  means  of  giving  them  additional  freedom  and  greater 
accommodations  for  the  traffic  seeking  them?  And,  to  my  mind,  to 
constrict  the  capacity  of  this  great  canal  bv  a  small  lock  for  the 
apparent  purpose  of  paring  down  the  cost  of  construction  to  a  rela- 
tively small  amount,  is  contrary  to  good  public  policy  or  good  busi- 
ness judgment. 

Senator  Morgan.  That  seems  to  be  the  prevailing  opinion  amongst 
all  large  monev  holders. 

Mr.  Burr.  Well,  I  am  not  one  of  them.  Senator.  Civil  engineers 
are  not  found  in  that  company. 

Senator  Morgan.  With  their  present  salaries,  I  do  not  see  why  they 
might  not  soon  get  into  it.     [Laughter.] 

Senator  Kittredge.  You  have  not  touched  the  question  of  the  cost 
of  these  locks,  as  I  recollect,  Mr.  Burr. 

Mr.  Burr.  I  can  give  you  those  figures. 

The  item  of  the  Gatun  locks,  including  excavation  and  back  filling, 
is  $15,691,000. 

The  Pedro  Miguel  locks,  including  excavation  and  back  filling, 
$6,988,000. 

The  Sosa  locks,  including  excavation  and  back  filling,.$13,092,000. 

Senator  Kittrbdob.  By  "back  filling"  at  Gatun  do  you  mean  the 
Gatun  dam  proper? 

Mr.  Burr.  No. 

Senator  Kittredge.  Is  that  amount  included  ? 

Mr.  Burr.  The  Gatun  locks  are. located  in  a  hill,  a  natural  hill. 
It  would  involve  excavation  into  the  hill  and  the  rock  which  com- 
poses the  subsurface  material  of  the  hill,  and  there  would  \ye  some 
back  filling — large  quantities  of  back  filling. 

Senator  Kittredge.  As  I  recollect  the  figures  you  gave  yesterdav, 
the  cost  of  the  Gatun  dam  was,  in  round  numbers,  $7,800,000.  Is 
that  rirfit? 

Mr.  Burr.  That  is  right.  That  is  a  separate  item,  in  addition  to 
the  cost  of  the  locks. 

Senator  Kittredge.  And  do  the  figures  that  you  have  given  of  the 
cost  of  the  locks  at  Sosa  Hill  include  the  cost  of  the  dams  there? 

Mr.  Burr.  No  ;  the  cost  of  the  dams  is  a  separate  item,  as  I  have 
already  given  it.  These  costs  of  the  locks  are  separate  from  and  in 
addition  to  the  sums  which  I  have  named  for  the  cost  of  the  dams. 

Senator  Kittredge.  Can  you  readily  give  the  total  estimated  cost 
of  the  dam  at  Gatun,  the  Gatun  locks,  the  locks  at  Pedro  Miffiiel,  the 
locks  at  Sosa  Hill,  and  the  three  dams  at  La  Boca,  Sosa  Hill,  and 
from  Ancon  over  by  the  railway  ?  I  have  forgotten  the  name  of  that 
hill. 

Mr.  Burr.  Yes.  The  Gatun  dam  and  spillway  is  $7,788,000.  The 
three  dams  (  that  is,  the  La  Boca,  the  Ancon-Sosa,  and  the  Ancon- 
Corozal  dams)  amount  to  $3,320,000.  The  Gatun  locks  amount  to 
$15,691,000.  The  Pedro  Miguel  locks  amount  to  $6,988,000;  the 
Sosa  locks,  $13,092,000.  Tlie  total  cost  of  those  features  is 
$46,879,000. 

Senator  Morgan.  Dams  and  locks? 
Mr.  Burr.  Dams  and  locks. 
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The  Chairman.  Mr.  Burr,  how  large  a  ship  can  go  through  those 
locks? 

Mr.  Burr.  A  ship  900  feet  long  and  with  beam  less  than  95  feet 
Those  are  the  usable  dimensions.  Of  course  the  total  length  of  lock 
is  much  more,  but  the  usable  dimensions  are  900  feet  by  95  feet. 

Have  you  any  more  Questions  on  that  point? 

Senator  Kittredge.  None.  At  some  convenient  time  I  would  like 
again  to  call  your  attention  to  this  blueprint  that  has  reached  us 
duringthe  recess,  if  you  have  finished  with  the  locks.    Have  you  ? 

Mr.  Burr.  Yes. 

Senator  Kittredge.  I  call  your  attention  to  this  blueprint,  and  ask 
you  whether  this  map  was  the  original  from  which  plate  12  was  sup- 
posed to  be  taken? 

Mr.  Burr.  That  is  my  understanding — General  Davis  can  tell 
you — ^that  that  is  the  original  from  which  this  plate  is  made.  This, 
as  I  understand  the  situation,  is  the  only  map  in  Washington  giving 
that  information. 

General  Davis.  Yes. 

Senator  Kittredge.  In  what  respect  do  they  differ? 

Mr.  Burr.  I  have  not  examined  every  item  of  information  on  it, 
but  so  far  as  I  have  examined  this  profile  on  line  G  H  (and  I  have 
given  it  pretty  careful  examination)  it  shows  practically  everything 
except  these  items  relating  to  the  flow  of  water  through  the  boring 
pipes  from  the  various  strata  indicated. 

Senator  Kittredge.  Then,  from  the  blueprint,  call  to  the  atten- 
tion of  the  committee  and  put  in  the  record  what  developed  from  the 
borings  in  regard  to  water  coming  to  the  surface  through  these  bor- 
ings— ^at  what  depths,  how  close  to  the  surface. 

Mr.  Burr.  The  material  in  a  number  of  the  borings  was  found  to 
be  sufficiently  permeable  to  permit  water  to  flow  through  it  into  and 
up  the  boring  pipes  from  various  depths,  commencing  about  32  feet 
below  sea  level  and  running  down  nearly  to  the  greatest  depth  of 
258  feet  below  mean  tide — ^tnat  is,  water  flowed  from  this  material 
at  various  points  in  these  various  borings  between  those  elevations. 

Senator  Morgan.  You  mean  that  as  the  pipe  was  driven  down  the 
water  would  rise  in  it  and  pour  over  the  top  i 

Mr.  Burr.  When  it  penetrated  these  various  strata. 

Senator  Morgan.  Yes. 

Senator  Kittredge.  Now  tell  us  about  the  strata  to  which  you 
have  referred.    What  is  the  character  of  it? 

Mr.  Burr.  It  is  a  sandy  or  gravelly  porous  strata. 

Senator  Kittredge.  And  that  is  indicated  upon  the  blueprint? 

Mr.  Burr.  The  character  of  material  is  indicated  upon  the  blue- 
print. 

Senator  Kittredge.  State  from  the  blueprint  what  it  is. 

Mr.  Burr.  It  is  sand,  gravel,  and  sometimes  a  mixture  of  sand  and 
clav.    That  is  the  character. 

Senator  Morgan.  I  suppose  that  the  process  of  getting  these  bor- 
ings is  that  they  drive  the  pipe  down  until  it  strikes  the  rock  and  then 
insert  their  augers,  their  drills,  and  bore? 

Mr.  Burr.  Yes;  for  the  diamond  drills,  but  for  the  jet  borings 
they  put  down  what  we  call  a  casing  pipe,  and  then  wash  the  material 
out  with  a  smaller  one. 

Senator  Morgan.  I  understand  the  difference ;  but  for  the  diamond 
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drills  jou  drive  your  pipe  until  it  strikes  the  rock,  or  until  you  strike 
material  you  suppose  to  be  rock,  and  then  you  introduce  the  drill 
and  bore  f 

Mr.  Burr.  And  bore :  yes. 

Senator  Kittredoe.  The  statement  was  made  by  Mr.  Stevens,  and 
I  think  it  is  stated  in  the  minority  report,  that  one  great  advantage 
of  the  lock  system  is  that  ships  can  sail  over  a  wide  surface  of  water 
until  they  approach  the  Culebra  cut.    Am  I  correct  in  my  statement? 

Mr.  Burr.  It  is  the  intention  of  the  plan  that  in  all  except  the 
deepest  parts  of  the  lakes  ships  should  pursue  perfectly  definite 
courses,  as  shown  on  the  maps,  and  through  submerged  channels.  A 
ship  can  not  sail  at  random  anywhere  in  those  lakes^  except  over  com- 
paratively small  portions  of  them,  where  the  water  is  very  deep. 

Senator  Kittredoe.  In  what  manner  was  it  expected  that  these 
channels  would  be  marked  out? 

Mr.  Burr.  They  would  have  to  be  buoyed,  as  submerged  chan- 
nels always  are;  and  that  is  one  feature  I  had  intended  to  speak  about. 
Perhaps  1  might  as  well  make  my  statement  now. 

Senator  Kittredge.  Certainly. 

Mr.  Burr.  Much  has  been  made  of  the  fact  that  these  lake  channels 
are  wide — 500  feet  or  300  feet — and  that  consequently  a  vessel  has 
much  more  freedom  in  them. 

Senator  Morgan.  Let  me  ask  you  there,  are  those  wide  channels 
that  you  speak  of  represented  by  the  white  area  or  by  this  shading  of 
blue  on  that  map? 

Mr.  Burr.  They  are  represented  by  the  limits  of  this  portion  of  the 
white  area. 

Senator  Morgan.  Yes. 

Mr.  Burr.  But  it  is  not  in  here  [indicating].  In  here  we  have 
verv  deep  water. 

Senator  Morgan.  The  shading  of  blue  comes  in  to  show  that  it  is 
not  navigable  water,  I  suppose? 

Mr.  Burr.  Well,  no;  I  think  not.  I  think  that  simply  indicate  the 
margin  of  the  lake ;  that  is  all.  I  do  not  think  the  blue  has  any  par- 
ticular significance  as  to  navigation. 

Senator  Morgan.  I  notice  there  above  Alhajuela  that  it  is  cut  off 
entirely. 

Mr.  Burr.  Well,  it  does  cover  shallow  water — the  margins  are  shal- 
low. I  do  not  know  that  the  limit  of  the  blue  has  any  special  signifi- 
cance, although  it  may  have. 

Senator  Morgan.  I  had  supposed  that  the  white  area  on  that  map 
was  the  area  of  water  that  was  navigable  for  vessels  with  freedom, 
and  that  the  blue  area  was  an  indication  that  the  water  would  not  be. 
deep  enough  for  that  purpose. 

Mr.  Burr.  It  majr  be.  Just  let  me  read  the  legend.  [After  ex- 
amining map.].  It  is  stated  here  that  the  blue  indicates  "shallow 
water,  with  less  depth  than  in  adjacent  canal."  Well,  that  is  about 
what  it  would  be. 

Senator  Morgan.  Yes.  That  describes,  then,  the  channel  depth  of 
the  canal  on  those  wide  areas? 

Mr.  Burr.  Yes.  The  white  portion,  it  is  stated  here,  indicates 
navigable  water  more  than  41  feet  deep  for  the  Atlantic  entrance  and 
more  than  45  feet  deep  from  Gatun  to  the  Pacific  terminal,  referred  to 
mean  tide  and  to  mean  lake  levels. 
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A  channel  with  submer^d  banks  not  rising  to  the  surface  of  the 
water,  so  that  they  are  invisible,  is  obviously  in  itself  a  very  danger- 
ous channel  for  navigation.  Conseauently  its  under-water  limits 
must  be  buoyed.  Even  in  that  case  tne  difficulties  or  dangers  pecu- 
liar to  such  a  channel  are  not  altogether  avoided  unless  the  channel 
is  very  wide.  It  was  necessary,  therefore,  in  this  plan,  to  make  the 
submerged  channels  wide  enough  to  lessen  those  dangers  to  navi- 
gation. 

A  much  narrower  channel  would  have  eaual  safety  to  navigation, 
and  perhaps  greater  safety,  with  its  banks  above  the  water  so  as  to  be 
visible  to  ships'  pilots.  Just  what  increased  width  for  the  submerged 
chamiels  would  be  necessary  to  secure  equal  safety  and  freedom  with 
the  channel  with  banks  visible  I  do  not  know  that  anyone  can  esti- 
mate; but  I  think  that  the  least  width  that  could  be  assi^ed  to  a 
submerged  channel  for  that  purpose  would  be  double  the  width  of  a 
chamiel  with  visible  banks.  That  accounts  for  the  wide  submerged 
channels  in  this  plan.  It  is  a  wise  provision;  in  fact,  it  would 
scarcely  be  a  workable  plan  without  these  increased  widths. 

Those  difficulties  and  dangers  have  been  frequently  encountered  in 
the  interlake  navigation,  in  St.  Marys  River,  Lake  St.  Clair,  and 
Lake  Huron.  They  have  been  frequently  remarked  upon,  and  wliile 
it  is  not  definitely  stated,  in  Appendix  S,  by  Mr.  Ripley,  of  the 
minority,  as  to  the  details  of  his  reasons,  there  are  one  or  two  very 
significant  passages.     [Reading :] 

For  widths  less  tban  300  feet  smooth  vertical  sides  should  be  provided — 

He  is  speaking  of  channels  in  connection  with  that  navigation, 
although  making  a  general  application  of  the  experience  there.  He 
says: 

For  widths  less  than  300  feet,  smooth  vertical  sides  should  be  provided  for  the 
greater  safety  of  ships ;  w^hile  for  widths  of  500  feet  or  more,  submerged  chan- 
nels can  have  side  slopes  such  as  the  material  will  naturally  assume,  or  as 
will  be  left  by  the  excavating  machines. 

The  implication  is  that  a  channel  with  submerged  banks  ought  to 
be  about  500  feet  wide,  or  more ;  and  I  think  that  it  is  a  very  judicious 
observation.  That  observation  carries  with  it  the  significance  which 
attaches  to  the  danger  of  submerged  banks. 

Senator  Kittredoe.  What  alx)ut  the  relative  curvature  of  the 
canal  as  proposed  bv  each  ? 

Mr.  Burr.  I  will  answer  that.  Senator,  in  just  a  minute,  if  you 
will  excuse  me. 

Senator  Kittredoe.  Certainly ;  I  thought  you  had  finished. 

Mr.  Burr.  I  was  looking  for  some  information. 

In  speaking  of  the  navigation  between  the  Lakes  in  channels  large 
portions  of  which  have  siAmerged  banks,  though  hy  no  means  all — 
perhaps  not  the  majority  of  them,  but  still  considerable  portions 
have— he  says : 

la  1904  there  were  34  groundings,  principally  during  foggy  weather. 

The  groundings  would  naturally  be  on  the  banks  of  the  channel, 
and  not  in  the  center.     [Reading :] 

In  1906  the  number  of  accidents  was  about  one-third  less.  Each  year  the 
grounding  of  ships  on  the  channel  banks,  or  sinking  in  the  channel  on  account 
of  collisions,  has  temporarily  interfered  with  navigation. 
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And  SO  on.  That  is,  the  feature  of  submerged  banks  is  a  feature  of 
difficulty  and  danger  to  navigation,  and  requires  the  m6st  thorough 
buoying  of  the  submerged  banks,  and  any  other  provisions  that  may 
be  necessary  to  secure  immunity  rrom  the  resulting  damages. 

You  spoke,  Senator,  of  the  curvature. 

Senator  Kittredge.  Yes.  The  relative  curvature  of  the  two  plans, 
sea-level  and  lock. 

Mr.  Burr.  I  would  like  to  say,  in  this  connection,  that  in  my 
judgment  the  curvature  of  either  line  is  not  a  matter  of  any  very 
grea,t  consequence;  the  amount  of  it  is  not  sufficient  to  be  serious. 
But  inasmuch  as  the  channel  of  the  sea-level  canal  has  been  criticised 
as  narrow — although  it  is  the  widest  canal  prism  that  has  ever  yet 
been  proposed  for  similar  navigation — as  wide  as  the  turning-out 
places  or  the  Suez  Canal — and  crooked,  I  will  refer  briefly  to  the 
matter. 

As  a  matter  of  fact  the  total  curvature  of  the  lock  plan,  as  laid 
down  on  page  12  of  the  minority  report,  is  637°  and  30'. 

Senator  Morgan.  That  is  the  total? 

Mr.  Burr.  That  is  the  total.  The  total  curvature  of  the  sea-level 
canal  is  597**  and  6'.  The  difference  is  not  great,  but  it  is  several 
per  cent  in  favor  of  the  sea-level  canal. 

Senator  Kittredge.  Do  you  know  the  curvature  of  the  Suez  Canal? 

Mr.  Burr.  I  do  not.     I  can  very  easily  get  it. 

Senator  Morgan.  I  wish  you  would  state  the  smallest  curvatures, 
the  shortest  radius  in  both  canals. 

Mr.  Burr.  The  shortest  radius  in  connection  with  the  minority  plan 
is  a  little  difficult  to  determine,  because  it  is  a  matter  of  computation,* 
and  is  not  shown.    But  taking  the  curves  as  they  actually  exist,  the 
shortest  radius  of  curvature  is  1,700  feet.      The  shortest  radius  of 
curvature  on  the  sea-level  canal  is  8,200  feet. 

Senator  Morgan.  Where  is  that  1,700  feet  in  the  lock  canal? 

Mr.  Burr.  I  do  not  recall,  Senator,  just  where  it  was.  I  can  very 
readily  ascertain. 

General  Davis.  Very  near  Bohio. 

Mr.  Burr.  Very  near  Bohio.  I  presume  4t  is  right  there  [indi- 
cating]. 

Senator  Morgan.  Where  is  that  ?     Is  that  Bohio  ? 

Mr.  Burr.  Near  Bohio. 

The  total  length  of  curve  of  the  canal  is  much  less  in  a  lock  canal 
than  in  a  sea-level  canal.  It  is  7.3  miles  in  the  lock  canal  and  19.2 
miles  in  the  sea-level  canal ;  but  with  the  great  radius  of  curvature  of 
the  sharpest  curves  in  the  sea-level  canal  that  curvature  is  not  a 
matter  oi  great  importance. 

Much  has  also  been  said  in  connection  with  this  matter  of  curva- 
ture to  the  effect  that  ships'  pilots  never  like  to  sail  their  ships  on 
curves,  and  in  fact  do  not  do  it,  but  simply  change  their  courses  by 
ranges  in  such  limited  navigation  as  this. 

The  many  years  of  experience  on  the  Suez  Canal,  I  think,  may 
safely  be  referred  to  as  settling  that  point.  Ships  are  constantly 
sailed  on  curves  in  the  Suez  Canal.  It  is  built  lor  that  purpose. 
They  could  not  well  sail  in  any  other  way ;  and  even  in  the  lock  plan 
of  the  minority,  the  course  is  laid  out  on  curves.  It  is  laid  out  on 
curves  simply  because  the  pilot  of  a  ship  can  not  sail  his  ship  in  any 
other  way.     He  has  to  change  his  course,  and  he  can  not  change  it 
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by  rotation  about  a  point.  He  has  to  sail  his  ship  on  a  curve  until 
his  course  is  sufficiently  changed  to  give  him  the  next  tangent.  So 
that  that  criticism  of  sailing  on  curves  being  impracticable  on  a  sea- 
level  plan  and  avoided  on  the  lock  plan,  is  without  any  foundation 
whatever.  Curves  are  contemplated  on  the  lock  plan,  as  shown  by 
the  minority's  own  plan. 

Senator  Mobgan.  I  do  not  understand  that  the  minority  says  that 
it  is  impracticable,  but  that  it  is  dangerous  in  the  places  where  the 
walls  are  rock  on  either  side. 

Mr.  BuBR.  I  am  not  referring  to  the  minority  alone.  Other  parties 
have  made  observations  of  that  character,  but  the  minority  have  also 
done  so.    But,  as  a  matter  of  fact,  that  feature  is  common  to  both 

Elans;  and  I  do  not  see  how  a  pilot  can  sail  a  ship  in  any  other  way. 
[e  can  not,  as  I  said  a  moment  ago,  rotate  his  ship  about  a  vertical 
axis  in  order  to  change  his  course.  He  keeps  going,  and  that  nat- 
urally brings  him  on  a  curve,  and  experience  m  the  Suez  Canal  shows 
that  that  is  not  a  matter  of  any  inconvenience  whatever  to  ships. 
Thqr  do  it  there  constantly. 

yfr,  Quellennec,  the  French  member  of  the  board,  who  is  the  con- 
sulting engineer  for  the  Suez  Canal  and  has  been  for  many  years, 
made  that  explicit  statement  himself. 

There  is  one  other  feature  in  connection  with  the  Gatun  Lake 
which  bears  upon  the  cost  of  maintenance  of  both  plans,  which,  it 
seems  to  me,  has  not  yet  received  the  attention  which  it  deserves,  and 
that  is  the  fact  that  all  the  sediment  of  every  stream  whatever  found 
in  this  saddle  of  the  Isthmus,  through  which  the  canal  passes,  is  dis- 
charged into  Gatun  Lake,  and  the  largest  part  of  it  so  discharged 
as  necessarily  to  silt  up  the  channel  to  a  large  extent.  I  am  aware 
that  computations  may  be  made  which  show  that  the  total  sediment 
brought  down  by  the  Chagres  River,  and  possibly  other  streams,  so 
far  as  that  is  kiiown — and  it  is  not  very  well  known — will  fill  up 
Gatun  Lake  only  after  a  long  period  of  years.  But  that  calculation 
is  like  a  good  many  other  plausible  calculations  on  which  conclusions 
are  too  abruptly  based. 

If  the  sediment  were  brought  down  and  distributed  uniformly  over 
the  entire  lake,  that  would  oe  true.  But  rivers  do  not  bring  down 
sediment  in  that  way.  Nothing  is  a  matter  of  more  common  ob- 
servation— in  fact,  it'  was  stated  by  General  Abbott  himself  during 
the  sessions  of  the  board — than  that  where  a  river  comes  down 
through  a  wide  channel  or  a  wide  passage,  many  times  in  width  the 
channel  proper,  the  current  will  be  concentrated  along  that  channel — 
that  is,  along  the  deepest  part  of  the  moving  water.  That  is  con- 
stantlv  observed  in  the  Mississippi  River  in  times  of  flood,  when  miles 
of  wiith  of  the  valley  are  inundated.  The  main  current,  which  is  a 
rapid  one,  will  be  found  over  the  channel  of  the  river  proper,  and 
that  is  precisely  what  would  be  found  here  when  the  Chagres  River 
is  in  flood.  The  rapid  current,  by  far  more  rapid  than  at  any  other 
V9LTt  of  this  lake,  will  be  over  the  original  channel  of  the  Chagres 
River,  because  it  is  there  deepest  and  the  flow  easiest — that  is,  the 
movement  of  the  water  meet^  with  less  resistance  there — and  conse- 
quently there  the  highest  current  is  found. 

The  result  will  be  that  the  greater  part — not  all,  but  the  greater 
part— of  the  sUt,  the  sediment  which  is  brought  down  from  the 
Upper  Chagres  in  flood,  will  be  carried  down  through  this  narrow 
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portion  and  dropped  in  the  channel  of  the  canal  at  least  all  the  wa^  to 
Tayemilla.  In  other  words,  instead  of  providing  a  great  lake  into 
which  the  silt  can  be  brought  and  where  it  will  be  deposited  without 
danger  to  the  channel,  it  must  be  transported  right  along  the  canal 
line  as  it  emerges  into  the  wider  portion  of  the  lake,  and  will  neces- 
sarily be  deposited  there,  necessitating  annual  dredging  to  keep  the 
channel  clear.  And  I  want  you  to  observe  particularly  the  narrow 
portion  of  this  lake  between  Gamboa  and  Tavemilla.  It  is  narrower 
there  even  than  itis  above  Gamboa.  There  is  a  strip  of  canal  prism 
which  will  be  just  as  surely  subject  to  deposition  of  large  quantities 
of  silt  as  this  canal  is  excavated.  It  will  be  not  a  prohibitory  expense 
at  all,  but  it  will  be  a  large  constant  annual  expense  and  trouble  to 
get  it  out. 

Senator  Morgak.  You  mean  the  current  will  pass  on  and  the  silt 
will  flow  off  to  the  right  and  left  of  it? 

Mr.  Burr.  That  will  be  the  result.  It  will  take  place  to  some 
extent  right  here,  but  it  will  also  take  place  all  the  waj  down  [in- 
dicating on  map].  It  does  that  in  other  places,  and  it  will  do  it 
there. 

Senator  Morgan.  Well,  that  would  have  the  same  effect  as  the 
water  passing  down  from  the  upper  sources  of  supply  through  the 
sea-level  canal;  it  would  create  currents,  particularly  in  the  part  that 
is  dredged  out  from  the  Bay  of  Ldmon  up  to.  we  will  say,  Obispo, 
or  in  that  vicinitv?  That  same  disposition  or  water  to  pass  in  the 
channels  where  there  is  the  least  resistance  would  naturally  create 
currents  in  the  canal  ? 

Mr.  Burr.  Yes. 

Senator  Morgan.  What  would  there  be  to  resist  that  in  a  sea- 
level  canal — ^the  Chagres  pouring  in? 

Mr.  Burr.  The  same  results  will  not  take  place  with  the  sea-level 

Elan,  because,  as  I  explained  yesterday,  no  sediment  is  permitted  to 
ow  directly  into  the  canal. 

Senator  Morgan.  I  am  not  speaking  of  the  sediment;  I  am  talk- 
ing about  the  currents  that  would  interrupt  navigation. 

Mr.  Burr.  There  are  none  in  the  sea-level  plan. 

Senator  Morgan.  Would  they  not  necessarily  be  there  if  you  per- 
mit the  Chagres  River  at  its  extreme  high  flood  (as  you  would  be 
obliged  to  do)  to  pass  into  the  canal  prism  ? 

Mr.  Burr.  But,  Senator,  it  does  not  pass  into  the  canal  prism  at 
high  floods.  A  limited  quantity  only  is  allowed  to  flow  into  the 
canal  prism,  which  will  never  produce  from  the  Chagres  a  greater 
current  than  about  a  mile  and  a  quarter  an  hour,  having  no  sensible 
effect  upon  navigation,  and  even  that  is  not  necessary.  It  be  smaller 
still. 

Senator  Kittredge.  As  I  recollect,  you  stated  yesterday  afternoon 
may  be  smaller  still. 

Mr.  Burr.  Into  basins. 

Senator  Kittredge.  And  from  those  basins  it  flows  over  a  weir  into 
the  canal  ? 

Mr.  Burr.  Into  the  canal.  It  flows^  over  in  a  quiet  sheet  The 
sediment  is  all  deposited,  except  an  insensibly  srhall  amount,  which 
may  discolor  the  water,  but  all  the  great  body  of  sediment,  the  great 
volume  of  sediment,  is  left  in  the  sedimentation  basins,  the  Gamboa 
Lake  itself,  of  course,  being  the  greatest  sedimentation  basin. 
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The  s&me  result,  obviously,  is  likely  to  take  place  where  any  stream 
inflood  flows  down  into  these  lakes.  In  other  words,  in  the  lock  plan 
there  is  no  provision  whatever  for  preventing  silt  and  sediment  get- 
ting into  the  canal  basin,  and  it  will  entail  an  item  of  cost  for  mainte- 
nance of  a  very  considerable  amount  but  which  the  sea-level  plan  is 
free  from. 

Senator  E[rrTREDGE.  You  spoke  yesterday  of  the  banks  in  the  Cule- 
bra  cut  slipping.    To  what  extent  is  that  true  of  the  lock  type? 

Mr.  Burr.  What  I  think  you  refer  to  is  the  slipping  clay 

Senator  Kittredge.  Yes. 

Mr.  Burr  (continuing).  At  the  top  of  the  cut,  and  which  can  be 
readily  controlled  by  eilSer  draining  it  or  removing  it.  That  feature 
is  common  to  both  plans.  Perhaps  a  little  less  of  it  will  have  to  be 
removed  for  the  lock  plan,  and  yet  riot  much  less,  either.  It  is  prac- 
tically the  same  item  for  each  plan.  I  do  not  think  it  is  a  serious 
matter,  however ;  but  what  there  is  of  it  must  be  encountered  in  con- 
struction, whatever  the  type  may  be. 

Scaiator  Morgan.  As  to  the  seriousness  of  that  avalanche  of  slip- 
ping day,  there  is  a  good  deal  of  testimony  in  the  record  of  this  com- 
mitUBe  on  former  examinations  to  the  effect  that  railroad  tracks  and 
railroad  trains  of  cars,  while  the  French  were  working  it,  were  cov- 
ered up  and  remain  covered  yet. 

Mr.  Burr.  I  have  heard  those  same  stories,  Senator,  but  as  much  as 
I  have  been  on  the  Isthmus — and,  as  I  said  yesterday,  I  have  walked 
backward  and  forward,  I  believe,  over  that  whole  line  I  do  not  know 
how  many  times;  perhaps  a  doezn  times,  eight  or  ten  times  anyhow, 
and  talked  with  many  who  ought  to  know  about  that  sort  of  thing — 
I  have  never  yet  been  able  to  place  that  engulfed  train  of  cars. 

You  will  find  plenty  of  them  on  tracks  in  the  jungle,  standing  there 
now,  which  have  never  been  washed  away ;  but  I  do  not  believe  that 
any  such  occurrence  as  that  mentioned  ever  took  place.  It  is  quite 
possible — in  fact,  it  is  altogether  probable — ^that  in  some  places,  more 
than  one,  perhaps  a  number  of  places,  tracks  have  slipped  down  the 
side  of  a  hill  and  thrown  the  train  over,  and  it  is  altogether  probable 
that  a  good  many  of  those  cars,  or  a  number  of  those  cars,  were  never 
taken  up,  so  that  they  have  been  covered  up  in  the  dump.  I  myself  have 
f^een  such  a  thing  as  that  taking  place — I  did  only  last  October — 
where  some  cars  have  gone  off  the  dump.  They  were  old  French  cars, 
not  worth  the  trouble  of  picking  them  up,  and  they  were  allowed  to 
lie  there  and  be  covered  with  mud;  and  1  imagine  that  that  has  been 
the  source  of  these  statements. 

Senator  Morgan.  I  suppose  it  must  have  been.  Your  description 
of  it  is  bad  enough,  but  they  made  it  a  little  worse. 

The  Chairman.  Mr.  Burr,  would  you  be  able  to  finish  to-morrow, 
?ay,  from  half  past  10  to  half  past  12? 

Mr.  Burr.  Oh,  I  think  without  doubt,  Senator. 

The  Chairman.  I  thought  you  were  tired,  and  perhaps  you  would 
rather  that  we  adjourn  now. 
Mr.  Burr.  I  am  willing  to  go  on  longer. 

Senator  Kittredge.  Before  you  leave  us,  Mr.  Burr,  I  would  like 
to  have  you  tell  us  about  the  comparative  time  of  the  construction 
of  the  cajial  on  each  type,  and  also  the  question  of  comparative  cost, 
and  the  question  of  maintenance  and  operation  of  each  type. 
Mr.  Burr.  That  is,  to-morrow  morning  I 
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Senator  Kittbedge.  This  afternoon  or  to-morrow  morning. 

Mr.  Burr.  I  am  perfectly  willing  to  go  on  to  any  extent  this  after- 
noon. 

Senator  Morgan.  Let  us  go  on  and  get  as  far  as  we  can. 

The  Chairman.  Let  us  go  on  a  little  while,  then. 

Senator  Kittredoe.  We  will  be  away  to-morrow  afternoon. 

Mr.  Burr.  What  item  will  you  have  taken  up  first,  Senator? 

Senator  Kittredge.  It  does  not  matter  to  me.  Suppose  you  take 
up  the  time  of  construction  under  each  type. 

Mr.  Burr.  The  time  of  construction  for  the  sea-level  plan  was  dis- 
cussed yesterday.  I  stated  then  that,  in  mv  judgment,  the  sea-level 
plan  could  be  completed  in  ten  years,  and  that  if  we  add  25  per  cent 
to  that,  as  the  majority  has  done,  we  certainly  have  a  most  abundant 
allowance  of  time. 

There  was  one  thing  which  I  should  have  stated  in  this  connection 
yesterday,  which  I  did  not.  That  estimate  of  time  has  been  based 
upon  an  eight-hour  day  of  labor,  and  with  one  shift  per  day  only. 
I  believe  that  when  the  time  comes  for  the  construction  of  this 
canal,  over  a  considerable  portion  of  the  time  required  for  its  com- 
pletion two  shifts  of  men  per  day  can  be  worked  to  great  advantage ; 
and  I  am  not  alone  in  that  judgment.  It  is  perfectly  feasible,  and  in 
some  respects  it  is  a  very  advantageous  arrangement.  It  gives  the 
cxx)l  of  the  day  for  the  greater  part  of  the  work,  and  it  would  double 
the  daily  product  of  operations  and,  obviously,  shorten  the  time 
correspondingly.  So  that  when  I  say  that  the  sea-level  plan  can  be 
completed,  in  my  judgment,  even  within  ten  years,  it  is  not  an  ex- 
travagant assertion ;  it  is  a  well-founded  one. 

Senator  Kittredge.  In  your  estimate  of  ten  years,  do  you  estimate 
the  feature  you  have  just  mentioned— double  shifts? 

Mr.  Burr.  No;  that  is  based  upon  single  shifts.  But,  I  say,  that  if 
you  add,  as  the  majority  has  added,  25  per  cent  of  ten  years  to  itself, 
making  twelve  and  one-half  years,  or  from  twelve  to  thirteen  years,  as 
the  period  (which  is  certainly  a  very  generous  allowance  of  time,  one 
which,  I  think,  is  even  too  great),  and  if  in  addition  to  all  that  you 
work  two  shifts  of  laborers  a  large  portion  of  the  time,  as  it  is  per- 
fectly feasible  to  do,  the  time  will  certainly  be  much  decreased. 

The  same  general  observation  applies  to  the  construction  of  the 
lock  plan;  but  there  are  some  other  elements  in  the  estimate  of 
time  lor  the  lock  plan  which  do  not  make  toward  a  shortening  of 
the  period  of  construction,  but  which  make  for  its  len^hening. 

The  work  of  digging  in  the  great  CuleJbra  cut,  which  is  the  con- 
trolling feature  of  the  sea -level  plan,  is  the  simplest  kind  of  labor,  the 
simplest  labor  operation  that  is  ever  done.  It  is  the  simplest  that 
can  be  done — ^the  simple  digging  and  carrying  away  of  the  material. 

The  construction  of  the  locks  required  in  the  lock  plan,  the  build- 
ing, transporting,  and  putting  together  of  the  machinery  and  locks, 
requires  atK)ut  me  highest  grade  of  skilled  labor,  on  tne  contrary, 
which  is  ever  employed  in  engineering  construction.  The  employ- 
ment of  such  skilled  labor  and  such  a  skilled  force  is  accompani^  by 
many  difficulties  and  great  delays.  All  that  machinery  must, .  of 
course,  be  constructed  here,  just  as  locomotives  are,  sent  down  there  in 
piecemeal,  and  put  together  under  circumstances  that  are  not  by  any 
means  encouraging  or  calculated  to  expedite  results. 

That  experience  has  already  been  found  in  connection  with  the  loco- 


INVESTIGATION   OF^  PANAMA  OANAL  MATTERS.  185 

motiyes  and  the  steam  shovels  and  other  machinery  which  has  been 
sent  down  to  the  Isthmus,  and  I  do  not  believe  that  it  is  feasible  for 
anybody  to  predict  with  any  great  certainty  how  lonff  a  time  it  will 
take  to  excavate  the  foundations  and  prepare  them  tor  those  great 
locks,  send  down  all  the  cement  and  machinery  and  the  various 
classes  of  materials,  and  put  them  together,  under  existing  conditions 
on  the  Isthmus,  and  so  complete  the  work.  That  kind  of  an  estimate 
of  time  is  involved  in  very  great  doubt.  I  think  that  nine  years 
is  about  as  scant  a  time  as  it  would  be  permissible  to  estimate  for  that 

flan.  I  think  it  is  more  likely  to  run  into  ten  or  eleven.  Indeed, 
should  expect,  if  the  construction  of  this  minority  lock  plan  were 
undertaken,  that  it  would  be  fortunate  if  the  entire  work  were  com- 
pleted in  less  tJian  ten  years. 

Senator  Taliaferro.  The  minority  estimated  about  six  and  a  half. 

Mr.  Burr.  Oh,  no;  the  minority  estimates  nine,  I  think — from 
eight  to  nine. 

Senator  Morgan.  Mr.  Burr,  in  speaking  of  the  simplicity  of  this 
labor,  do  you  refer  to  labor  with  machines  or  labor  with  picks  and 
shovds  and  wheelbarrows? 

Mr.  Burr.  I  refer  to  the  general  work  of  excavating  the  Culebra 
cut  and  taking  away  the  spou.  It  is  a  fundamental  principle,  which 
I  think  must  be  accepted  and  acted  upon  by  anyone  who  does  any 
large  amount  of  work  on  the  Isthmus,  to  use  power  and  machinery  to 
the  greatest  possible  extent  and  manual  labor  to  the  least  possible  ex- 
tent. 

Senator  Morgan.  The  work  that  you  expect  to  be  done  there  will  be 
perhaps  80  per  cent  of  it  done  with  machinery  ? 

Mr.  Burr.  I  should  say  fully  80  per  cent ;  perhaps  more; 

Senator  Morgan.  It  rec[uires  really  intelligent  labor,  if  not  skilled 
labor,  to  work  those  machines,  does  it  not? 

Mr.  Burr.  Yes. 

Senator  Morgan.  So  that  in  order  to  set  the  labor  that  you  need 
there  you  would  have  to  go  to  a  pretty  high  class  of  operatives  or 
workmen? 

Mr.  Burr.  Yes;  those  must  be  mainly  obtained  from  the  United 
States. 

Senator  Morgan.  Now,  that  is  really  the  point  that  I  have  been 
distressed  about.  I  want  to  know  whether,  for  such  labor  as  is  reaui- 
site  to  carry  this  canal  through  in  a  reasonable  time  (the  time  tnat 
you  have  been  stating,  for  instance) ,  we  should  go  to  Martinique  or 
Jamaica  and  get  negroes,  or  anywhere  else,  for  a  very  low  grade  of 
work.    Is  it  requisite? 

Mr.  Burr.  I  think.  Senator,  that  it  is.  I  think  it  may  be  requi- 
site even  to  try  the  Japanese  and  Chinese  coolies. 

Senator  Morgan.  They  are  very  much  more  intelligent  laborers 
than  the  negroes,  I  suppose. 

Mr.  Burr.  I  imagine  they  are.  I  have  never  had  experience  with 
them,  but  I  imagine  they  are. 

Senat(\r  Morgan.  But  the  higher  the  class  of  labor  you  can  get 
there  the  quicker  you  will  get  it  through  ? 

Mr.  Burr.  Yes;  of  course  the  more  efficient  your  labor  force  is 
the  quicker  it  will  be  done. 

Senator  Morgan.  Yes.  Do  you  think  that  the  reliance  upon  Ja- 
maica labor  and  Martinique  labor  and  the  like,  such  classifications 
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of  labor  as  you  ^t  from  there,  is  a  safe  one  for  digging  that  canal, 
or  had  we  better  look  somewhere  for  a  higher  grade  of  labor? 

Mr.  Burr.  I  think  it  is  perfectly  safe  and  good  policy  to  get  as 
much  of  that  labor  as  you  can ;  but  I  think  this,  Senator,  that  there 
must  be  on  the  Isthmus  a  surplusage  of  labor.  Otherwise  we  will 
have  interminable  strikes  and  everything  in  the  nature  of  a  strike. 
Those  laborers,  of  course,  have  never  been  accustomed  to  anything 
like  a  sense  of  moral  obligation,  or  anything  that  approaches  it,  and 
they  will  work  for  two  or  three  days  or  a  week,  until  they  can  get 
money  enough  to  live  another  week  and  drink  what  they  want  and 
then  cease  work  until  the  money  is  ^ne. 

Senator  Morgan.  Let  me  ask  this  question  then:  You  speak  of 
strikes  and  they  have  been  oftentimes  mentioned  here.  You  do  not 
mean  organized  labor  strikes  or  anything  like  that? 

Mr.  Burr.  There  have  not  been  highly  organized  labor  strikes  yet, 
but  doubtless  there  will  be  in  time. 

Senator  Morgan.  Are  these  strikes  that  you  refer  to  attributable 
to  the  individual  action  of  the  laborer  or  is  it  by  combination  and 
conspiracy  ? 

Mr.  Burr.  It  is  by  concerted  action. 

Senator  Morgan.  Concerted  action  ? 

Mr.  Burr.  There  is  more  or  less  organization,  or  has  been  on  some 
occasions,  but  of  course  not  to  any  sucn  extent  as  we  have  here.  But 
that  will  come  a  little  later,  you  can  depend  upon  it 

Senator  Morgan.  It  will  come? 

Mr.  Burr.  Surely. 

Senator  Morgan.  Now,  there  is  the  point.  Is  it  not  necessary  to 
have  some  power  of  control  there  for  the  keeping  of  men  at  worR  in 
addition  to  a  mere  surplus  of  numbers  to  wnich  you  can  appeal  or 
from  which  you  can  draw  as  occasion  may  require  ? 

Mr.  Burr.  Those  people  must  be  treateji  with  absolute  justice; 
that  goes  without  saying. 

Senator  Morgan.  That  is  the  first  thing;  yes. 

Mr.  Burr.  That  goes  without  saying.  But  after  that  it  is  my 
judgment  that  there  has  not  been  sufficient  firmness  in  dealing  with 
them.  I  think  that  we  should  get  much  better  results  if  a  firmer 
btand  were  taken. 

Senator  Morgan.  Then  you  want  a  strong  governmental  power 
there  to  treat  them  with  that  degree  of  firmness  which  is  adequate  to 
the  situation  ? 

Mr.  Burr.  I  believe  that  would  be  wise. 

Senator  Morgan.  That  is  what  I  think.  I  will  pass  that  ovei^  now. 
I  just  wanted  to  get  it  on  the  record  as  we  went  along. 

Senator  Taliaferro.  The  minority  estimates  that  nine  years  will 
be  required  for  the  lock  canal  ? 

Mr.  Burr.  Yes. 

Senator  Taliaferro.  And  fifteen  for  the  sea -level  canal? 

Mr.  Burr.  Yes;  that  is  natural;  but  I  differ  most  radically  from 
the  minority  judgment.  I  do  not  believe  that  it  is  worth' while  to 
see  too  many  lions  in  the  way;  and  lions  are  at  the  basis  of  the 
fifteen-year  estimate,  and  the  twenty-year  estimate,  and  the  various 
other  speculative  estimates  that  we  hear  so  much  about.  After 
having  set  forth  a  rational  and  reasonable  programme  of  work,  to 
have  that  met  by  no  other  argument  than  "  Well,  there  is  great  un- 
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certaint?  about  all  those  elements  of  the  question,  and  nolDody  can 
tell  whether  they  will  come  out  right  or  not,  and  consequently  the 
situation  is  too  formidable  to  lend  itself  to  exact  analysis  and  exact 
treatment  in  that  manner  "  is  not  conclusive. 

The  Chairman.  That  would  apply  to  either  plan,  would  it  not, 
Mr.  Burr? 
Mr.  BijBR.  It  would  apply  to  either. 

Senator  Morgan.  In  your  judgment,  woyld  there  be  any  real 
difficulty  in  getting  contractors  to  do  that  work  by  sections,  or  to 
take  the  entire  job,  and  bond  them  up  with  a  proper  security  for  the 
completion  of  the  work  within  the  time  required  and  in  the  way 
required? 

Mr.  Burr.  I  think  not.    I  am  not  yet  sure  that  it  is  the  best  way 
to  treat  all  portions  of  the  work  by  contract. 
Senator  Morgan.  Not  every  portion  ? 

Mr.  Burr.  I  am  not  certain  yet;  I  might  come  to  that  conclusion 
later  on. 

Senator  Morgan.  I  will  take  it  by  the  subdivisions  that  we  have 
been  referring  to.    I  will  take  first  the  dredging  from  the  seacoast 
into  Bas  Obispo. 
Mr.  Burr.  Yes. 

Senator  Morgan.  Would  it  be  proper  and  convenient,  in  your  opin- 
ion, to  have  that  done  by  contract? 

Mr.  Burr.  I  think  that  could  be  done  verj'  well  by  contract.  I 
believe  that  the  Government  should  do  enough  of  that  work  itself 
to  establish  what  would  be  a  reasonable  price  to  pay  a  contractor 
for  it. 

Senator  Morgan.  They  ought  to  know  that  before  they  go  into  it, 
ought  they  not? 

Sir.  Burr.  But  that  can  not  be  determined  without  actual  triaL 
You  have  to  investigate  those  things. 

Senator  Morgan.  But  if  you  are  making  a  contract  you  have  ta 
make  it  upon  a  unit  basis. 

Mr.  Burr.  I  know ;  but  let  us  establish  first  what  will  be  a  reason- 
able unit  basis  and  then  open  it  to  competition  and  see  whether  any 
of  these  conipetitive  prices  are  reasonable. 

Senator  Morgan.  I  supposed  from  all  that  had  been  said  here  thftt 
that  was  what  we  had  been  working  for  for  a  year  and  a  half — ^to 
try  to  find  out  what  the  unit  price  ought  to  be. 

'Mr.  Burr.  That  was  the  intention,  and  that  was  one  of  the  lines  of 
work  which  was  entered  upon  in  the  first  year  of  this  Commission's 
existence ;  but  some  portions  of  that  have  been  suspended  since  then. 
Senator  Morgan.  Both  the  majority  and  the  minority  have  agreed 
upon  these  unit  prices  for  each  description  of  work,  as  I  under- 
stand it? 
Mr.  Burr.  They  have. 

Senator  Morgan.  That  being  settled — ^having  the  unit  prices  set- 
tled—why can  they  not  be  adopted  in  making  up  the  specifications  of 
contracts  with  contractors  ? 
Mr.  Burr.  I  can  assure  you.  Senator,  that  if  you  are  willing  to 

?;ive  to  contractors  the  unit  prices  which  were  adopted  by  the  board 
or  the  purposes  of  its  estimate,  you  will  have  no  trouble  in  finding, 
plenty  of  contractors  to  do  that  work. 
Senator  Morgan.  That  is  what  I  supposed. 
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Mr.  BuRB.  I  should  be  glad  to  take  some  contracts  myself  on  that 
basis. 

Senator  Morgan.  Now,  what  are  the  exceptional  parts  of  the  work 
that  you  still  think  ought  to  be  done  by  the  Government  ? 

Mr.  Burr.  I  do  not  say  that  I  think  any  large  portion  ought  to  be 
done  by  the  Government,  but  I  say  that  I  have  not  yet  come  to  a  con- 
clusion as  to  which  would  be  the  best.  The  Culebra  cut,  for  instance, 
is  one. 

Senator  Taliaferro.'  I  think  you  stated  this  morning  that  you 
thought  these  unit  prices  had  been  fixed  in  some  cases  too  high? 

Mr.  Burr.  I  did. 

Senator  Morgan.  And  agreed  to  by  the  majority  and  minority  as 
reasonable  unit  prices — very  ^ood.  That  being  ascertained,  I  thought 
the  basis  was  laid  for  entermg  upon  a  contractural  system,  unless 
there  is  some  material  objection  to  it  which  I  have  never  yet  dis- 
covered, and  that  we  could  go  on  upon  these  unit  prices  and  make  a 
contract,  if  that  was  considered  to  uq  the  best  way  to  do  it^ 

Mr.  Burr.  I  think  you  can  do  much  better  than  those  prices,  Sen- 
ator. 

Senator  Morgan.  And  there  would  remain  to  the  Government  but 
inspection  .and  supervision  and  direction  in  the  matter  of  the  execut- 
ing of  the  work? 

Mr.  Burr.  Yes. 

Senator  Morgan.  I  was  about  to  ask  you  whether  the  controlling 
works  at  Gamboa  that  you  have  described  here  would  be  a  part  or 
the  work  that  the  Government  ought  to  keep  under  its  own  control  ? 

Mr.  Burr.  I  think  those,  too,  could  be  done  by  contract  to  greater 
advantage. 

Senator  Morgan.  I  do  not  see  that  there  is  anything  left  open,  then, 
where  the  advantage  would  be  in  favor  of  having  work  done  by  the 
Government. 

Mr.  Burr.  I  think  the  Culebra  cut,  Senator,  is  the  point  about 
which  there  may  yet  be  some  reasonable  doubt,  although  my  mind  is 
open.     I  have  no  positive  judgment  about  that  yet. 

Senator  Morgan.  I  would  suggest  that  it  is  very  important  that 
all  doubts  should  be  removed,  ii  possible,  from  the  proposition  to  do 
this  work  by  contract.  All  doubts  should  be  removed  by  study  of 
the  subjects,  so  that  the  Government  can  adopt  either  the  present 
plan  of  working  it  out  itself,  or  turn  the  work  over  to  competent  and 
well-bonded  contractors  to  do  it  within  a  specified  time  and  in  a 
certain  way. 

Mr.  Burr.  I  think  it  probably  will  result  that  the  entire  work 
can  best  be  done  by  contract.  I  think  that  is  probably  what  will  be 
foimd. 

Senator  Morgan.  This  committee  will  have  to  make  a  recommenda- 
tion upon  that  subject,  I  judge;  and  I  was  merely  trying  to  get  the 
subject  as  clear  as  possible  from  all  doubt  and  dimculty  as  to  making 
contracts  for  completing  this  work.    That  is  all  I  was  trying  to  do. 

Senator  Kittredge.  i  move  that  the  committee  adjourn. 

(The  committee  thereupon  adjourned  until  to-morrow,  Friday, 
March  9, 1906,  at  10.30  o'clock  a.  m.) 
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Committee  on  Iktebogeanic  Canals, 

United  States  Senate, 
Washington^  D.  0.^  Friday^  March  S,  1906. 
The  committee  met  at  10.30  o'clock  a.  m. 

Present:  Senators  Millard  (chairman),  Kittredge,  Dryden,  An- 
keny,  Morgan,  Taliaferro,  and  Simmons. 

8TATEMEHT  OF  WILLIAM  H.  BUBB,  ESQ.— Continued. 

Senator  Morgan.  I  would  like  to  ask  you,  Mr.  Burr,  whether  the 
Consulting  Board  agreed  upon  a  unit  value — a  unit  price — for  Port- 
land cement? 

Mr.  BuKB.  No ;  it  agreed  upon  a  unit  price  for  concrete  in  place. 

Senator  Morgan.  Wiiat  was  the  unit  price?    Do  you  remember? 

Mr.  BtTRR.  Eight  dollars  per  yard. 

Senator  Morgan.  Per  cubic  yard  ? 

Mr.  BtTRR.  Per  cubic  yard ;  yes. 

Senator  Morgan.  What  proportion  of  a  cubic  yard  of  concrete 
would  consist  of  Portland  cement? 

Mr.  Burr.  You  can  say,  roughly,  a  barrel  to  the  yard. 

Senator  Morgan.  A  barrel  to  the  yard  ? 

Mr.  Burr.  Yes.  It  would  probably  be  a  little  more  than  that  in 
some  cases,  but  that  is  pretty  near  it. 

Senator  Morgan.  I  suppose  Portland  cement  made  according  to 
the  usual  chemical  formula  is  the  cement  that  would  naturally  be 
adopted  by  the  engineers  constructing  the  work? 

Mr.  Burr.  Oh,  without  doubt — Portland  cement  and  nothing  else. 

Senator  Morgan.  That  is  a  settled  proposition? 

Mr.  Burr.  Yes. 

Senator  Morgan.  It  is  constructed  after  a  chemical  formula  that 
is  unvarying,  except,  perhaps 

Mr.  Burr.  Oh,  to  a  small  extent. 

Senator  Morgan.  Four  or  6  per  cent? 

Mr.  Burr.  Something  of  that  sort;  yes. 

Senator  Morgan.  The  cubic  measurement  of  the  concrete,  for  in- 
stance, in  the  dam  as  it  is  proposed  by  the  majority  of  the  Board  of 
Consulting  Engineers  at  Gamboa  would  be  a  very  large  amount, 
would  it  not? 

Mr.  Burr.  If  it  were  built  of  concrete  it  would. 
Senator  Morgan.  Yes. 

Mr.  Burr.  You  must  remember.  Senator,  that  the  majority  did  not 
make  a  definite  recommendation  as  to  the  type  of  the  Gamboa  dam, 
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but  said  that  it  might  be  built  either  as  concrete  masonry  or  as  a 
great  earth  dam  with  a  masonry  core. 

Senator  Morgan.  I  supposed  that  all  question  as  to  the  actual  type 
of  any  dam  or  structure  would  be  left  open  for  consideration  by  tne 
en^neers. 

Mr.  Burr.  Precisely. 

Senator  Morgan.  To  be  determined  by  them  rather  than  by  the 
act  of  Congress. 

Mr.  Burr.  Precisely. 

Senator  Morgan.  >«ow,  a  still  greater  amount  of  Portland  cement 
or  of  concrete  would  be  necessary,  I  suppose,  in  the  event  of  the  con- 
struction of  a  dam  at  Gatun  ?     ^  • 

Mr.  Burr.  No;  the  plan  of  the  Gatun  dam — that  is,  of  the  dam 
proper — requires  no  cement.  That  is,  it  is  simply  a  great  mound  of 
earth.  But  the  locks,  and  the  appurtenances  to  the  locks,  and  the 
waste  weir  would,  of  course,  involve  great  quantities  of  cement. 

Senator  Morgan.  Quite  equal  to  the  dam  at  Gamboa  ? 

Mr.  Burr.  Probably  more.  I  think  that  the  total  quantity  of  con- 
crete that  would  be  required  by  the  minority  plan  would  not  be  far 
from  3,500,000  cubic  yards.  I  do  not  mention  that  as  exact,  but  it 
is  pretty  close  to  it. 

Senator  Morgan.  Yes. 

Mr.  Burr.  So  that,  roughly  speaking,  there  would  be  about  3,500,- 
000  barrels  of  cement  required. 

Senator  Morgan.  That  was  all  I  wanted  to  know. 

The  Chairman.  Is  that  at  Gamboa  alone? 

Mr.  Burr.  No;  that.  Senator,  is  for  the  lock  plan. 

The  Chairman.  For  the  entire  lock  plan  ? 

Mr.  Burr.  For  the  entire  lock  plan ;  yes. 

The  Chairman.  I  thought  Senator  Mor^n  was  going  to  ask  you 
a  question  there  which  I  will  ask  you.  Is  Portland  cement,  whether 
you  get  it  from  one  place  or  another,  almost  uniform  in  the  matter  of 
quality  ? 

Mr.  Burr.  Very  nearly  so,  from  first-class  manufacturers.  The 
chemical  formula  varies  somewhat ;  but  in  the  main  features  it  is  the 
same. 

The  Chairman.  Does  it  vary  enough  to  make  it  a  mistake  to  put  in 
different  kinds — that  is,  from  different  manufacturers? 

Mr.  Burr.  You  would  not  mix  the  cement  from  different  manu- 
facturers before  usin^  it  in  concrete.  I  do  not  know  that  there  would 
be  any  special  objection  to  that,  but  it  would  be  an  experiment,  and 
there  is  no  need  of  following  that  procedure. 

The  Chairman.  If  you  were  going  to  build  a  dam,  say,  at  Gatun, 
or  the  locks  at  Gatun,  you  would  use  the  same  cement,  would  you, 
from  the  same  manufacturer  ? 

Mr.  Burr.  Not  necessarily.  You  might  use  half  a  dozen  different 
brands  on  that  one  work,  but  you  woula  use  each  brand  by  itself. 

The  Chairman.  The  result  would  be  all  right? 

Mr.  Burr.  The  result  would  be  all  right;  yes. 

Senator  Morgan.  But  if  you  could  get  the  entire  supply  of  cement, 
for  instance,  for  the  Gatun  dam,  from  one  establishment,  to  be  de- 
livered by  that  establishment  as  required,  for  the  sake  of  uniformity 
and  for  the  sake  of  security  in  that  uniformity  of  strength,  it  would 
be  advantageous  to  have  it,  would  it  not? 
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Mr.  Burr.  Not  materially  so,  Senator.  There  is  not  difference 
enough.  All  the  cement  used  would  be  tested  and  its  quality  found 
and  approved.  There  is  not  as  much  difference  between  brands  of 
cement  of  first-class  manufacturers  as  you  are  likely  to  get  in  the 
continued  product  of  a  single  maker.  It  is  not  all  absolutely  uniform 
and  mathematically  unvarying.  For  instance,  I  had  occasion  to  use 
cement  last  year  from  one  of  the  oldest  and  most  reliable  firms  in  this 
countrv — a  firm  whose  cement  has  been  used  by  the  million  barrels 
about  New  York — ^and  yet  part  of  that  cement  would  take  its  initial 
set,  as  we  say — that  is,  its  first  degree  of  hardness — in  an  hour  and  a 
half,  about  as  it  ought  to,  and  other  parts  in  nine  hours.  That, 
of  course,  is  abnormal.  That  raised  a  question  as  to  the  propriety  of 
using  the  cement,  .but  still  that  illustrates  what  you  may  get  from 
even  the  best  of  makers. 

Senator  Morgan.  Such  a  variation  of  time  in  the  initial  setting  of 
the  cement  would  be  a  serious  difficulty,  would  it  not — a  serious 
objection  ? 

Mr.  Burr.  No  ;  not  unless  it  was  for  some  special  under-water  work 
and  where  it  was  desirable  to  get  the  cement  hardened  as  quickly  as 
practicable. 

Senator  Morgan.  That  is  exactly  what  I  refer  to. 

Mr.  Burr.  These  locks,  however,  would  not  be  built  under  water; 
they  would  be  built  in  the  dry. 

Senator  Morgan.  No;  but  the  dams  would  be  built  under  water? 

Mr.  Burr.  No,  no;  all  the  work  on  the  dams  would  be  built  in  the 
dry  also. 

Senator  Morgan.  In  the  dry? 

Mr.  Burr.  In  the  dry,  as  we  say — ^that  is,  it  would  be  in  great  trenches 
in  special  inclosures  where  the  work  would  be  done  in  the  open  air, 
or,  as  we  say,  in  the  dry.  Whatever  water  would  come  into  these  in- 
closures would  be  pumped  out.  No;  none  of  that  would  be  under- 
water work. 

Senator  Morgan.  Do  you  understand  that  in  the  construction  of  the 
Gatun  dam,  as  proposed  by  the  minority  of  the  consulting  engineers, 
that  waste  way  of  the  controlling  works  would  be  built  on  dry  sur- 
faces? 

Mr.  Burr.  In  the  dry ;  it  would  be  built  wholly  in  the  dry. 

Senator  Morgan.  You  would  have  to  exclude  all  of  that  water  ? 

Mr.  Burr.  Yes;  the  flow  of  the  river  must  be  controlled  so  that  that 
end  can  be  accomplished. 

Senator  Morgan.  By  "  the  dry,"  you  mean  that  there  must  not  be 
any  settled  pool  of  water? 

Mr.  Burr.  I  mean  that  the  fresh  concrete  that  is  put  in,  the  fresh 
masonry,  is  not  covered  by  water.  There  may  be  water  around  it. 
There  may  be  a  wet  place';  but  the  fresh  masonry  is  not  covered  by 
water. 

Senator  Morgan.  And  after  it  has  set,  then  it  may  be  covered  ? 

Mr.  Burr.  Then  it  may  be  covered  by  water. 

Senator  Morgan.  And  it  gets  harder  as  time  elapses  ? 

Mr.  Burr.  It  gets  harder  as  time  elapses. 

Senator  Morgan.  Provided  the  cement  is  right  ? 

Mr.  Burr.  Yes. 

The  Chairman.  Do  I  understand  that  the  cements  that  set  in  an 
hour  and  a  half  and  those  that  set  in  nine  hours  are  equally  good,  Mr. 
Burr? 
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Mr.  Burr.  That  does  not  always  hold,  but  it  was  so  in  that  par- 
ticular case;  they  were  equally  good. 

Senator  Morgan.  Was  this  cement  that  you  speak  of  made  in  the 
Lehigh  Valley? 

Mr.  Burr.  It  was  made  in  the  Lehigh  Valley.  It  was  Giant 
Cement — one  of  the  most  reliable  brands  made  in  America;  a  most 
excellent  cement. 

Senator  Morgan.  In  buying  the  Lehigh  Valley  cement  in  the  work 
that  you  speak  of,  what  was  the  average  price  per  barrel — ^the  fixed 
price  per  barrel  ? 

Mr.  Burr.  I  said  it  was  last  year ;  it  was  really  year  before  last. 

Senator  Morgan.  Yes. 

Mr.  Burr.  It  was  $1.30  a  barrel,  delivered  up  in  (Connecticut,  where 
I  used  it. 

Senator  Morgan.  $1.30? 

Mr.  Burr.  One  dollar  and  thirty  cents,  in  bags. 

Senator  Morgan.  Yes ;  in  bags.  They  call  it  "  barrels,"  but  they 
do  not  use  barrels  ? 

Mr.  Burr.  No  ;  there  are  four  bags  to  a  barrel.  They  will  supply 
it  in  barrels,  of  course,  but  it  is  more  economical  to  get  it  in  bags. 

Senator  Morgan.  As  a  rule,  how  long  will  a  bag  of  good  Portland 
cement  continue  to  be  altogether  the  thing  you  want,  as  to  atmos- 
pheric conditions  and  transportation  by  water  and  the  like? 

Mr.  Burr.  You  can  keep  it  indefinitely  if  you  keep  it  dry.     If  you 

?ut  it  in  a  case  that  will  keep  it  dry,  that  will  keep  the  moisture  out, 
do  not  know  why  you  should  not  be  able  to  keep  it  indefinitely. 
Of  course,  under  ordinary  circumstances  a  little  moisture  finds  its 
way  in,  but  still  there  is  no  difficulty  in  keeping  cement  several 
months  without  special  precautions,  if  you  simply  keep  it  in  a  dry 
place,  covered  up. 

The  Chairman.  Have  you  ever  used  cement  manufactured  by  the 
Association  of  American  Portland  Cement  Manufacturers,  of  Phila- 
delphia ? 

Mr.  Burr.  I  imagine  that  that  is  an  or^nization  of  manufacturers. 

The  Chairman.  I  suppose  it  is  a  combination  of  manufacturers. 

Mr.  Burr.  Yes. 

Senator  Morgan.  There  are  auite  a  large  number  of  manufacturers 
of  cement  in  the  United  States,  large  and  small,  are  there  not? 

Mr.  Burr.  A  large  number,  ana  a  large  number  of  first-class  mak- 
ers, too.  There  is  no  better  cement  made  in  the  world  than  is  made 
in  this  country  at  the  present  time.  There  are  a  dozen  different 
makers,  perhaps  more,  the  products  of  whose  mills  are  first  class. 

Senator  Morgan.  I  notice  that  Mr.  Ross  mentioned  vouchers  that 
had  been  prepared  for  imported  cement.  Do  you  know  anything 
about  why  that  cement  was  imported  ? 

Mr.  Burr.  I  do  not  know  of  any  other  reason — I  do  not  know  of 
that  particular  case  at  all,  but  I  presume  that  he  can  get  foreign 
cement  delivered  at  Panama  at  such  a  price  as  will  compete  success- 
fully with  American  cement  delivered  there,  and  that  is  probably  the 
reason  for  that  particular  incident. 

Senator  Morgan.  I  suppose  that  after  this  canal  is  completed  there 
will  be  a  very  great  demand  for  cement  on  the  western  coast  of  Amer- 
ica— North  and  South  America? 
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Mr.  BiTRR.  Oh,  I  think  so,  without  any  question.  The  use  of  Port- 
land cement  is  extending  with  amazing  rapidity  and  has  been  for  the 
last  t^i  years — ^remarkably  so. 

Senator  Morgan.  The  coast  that  I  speak  of — ^the  Pacific  coast  of 
America,  commencing  up  at  Alaska  ana  going  down  to  the  Horn — is 
not  productive  in  cements,  it  appears? 

Mr.  Burr.  I  do  not  know  about  that,  Senator.  It  was  not  sup- 
posed twenty  years  ago  that  this  country  could  afford  raw  materials 
for  Portland  cements.  It  was  not  thought  practicable  or  possible. 
Of  course  now  we  have  it  on  all  sides,  and  it  may  turn  out — and  I 
think  it  is  quite  likeljr  to  turn  out — ^in  the  same  way  on  the  Pacific 
coast,  that  materials  will  be  found  that  are  suitable  for  the  production 
of  excellent  Portland  cement. 

Senator  Morgan.  Would  you  expect  to  be  able  to  get  a  supply  of 
Portland  cement  from  the  Panama  Zone? 

Mr.  Burr.  I  believe  that  there  is  raw  material  there,  whether  in 
the  Zone  or  out  of  it,  but  within  the  limits  of  the  Republic  of  Panama, 
which  will  make  excellent  Portland  cement. 

Senator  Morgan.  But  the  transportation  of  the  coal  required  to 
bum  it  would  make  it  costly,  would  it  not? 

Mr.  Burr.  That  may  be  a  serious  element.  It  mav  also  be  that  coal 
will  be  found  right  on  the  ground.  There  are  parties  exploiting  coal 
mines  at  present,  you  know,  within  a  few  miles  of  the  canal  line,  and 
it  is  possible  that  that  question  of  fuel  will  solve  itself  right  on  the 
spot. 

Senator  Morgan.  Is  that  the  old  Chiriqui  development  of  coal,  in 
the  Chiriqui  region  ? 

.  Mr.  BusR.  It  is  up  in  the  Chiriqui  region,  near  Bocas  del  Toro.    In 
fact,  it  is  right  in  there;  it  is  right  adjacent  to  Bocas  del  Toro. 

Senator  Morgan.  That  is  the  coal  field  the  United  States  has  been 
trying  to  get  possession  of  for  many  years,  you  know. 

Mr.  Burr.  Yes;  but  there  is  coal  nearer  to  the  Canal  Zone  than 
that.  There  is  quite  a  considerable  amount  of  coal  up  the  Indio 
River,  within,  probably,  10  or  15  miles  of  the  canal  line ;  but  whether 
it  is  good  enough  to  have  any  commercial  value  has  not  yet  been 
determined. 

Senator  Morgan.  That  is  to  the  west  of  the  canal  ? 

Mr.  Burr.  That  is  to  the  west  of  the  canal. 

Senator  Morgan.  Is  there  any  to  the  east  that  you  have  heard  of? 

Mr.  Burr.  Not  that  I  have  heard  of;  but, "then,  you  know  the 
mineral  resources  of  that  country  have  not  been  investigated. 

Senator  Morgan.  No;  I  suppose  they  have  not  been. 

Mr.  Burr.  Not  to  any  sensible  eictent;  so  that  there  is  no  telling 
what  will  be  found  there. 

Senator  Morgan.  I  am  afraid  they  will  find  gold  there,  and  if  they 
do  thev  will  tear  the  canal  up  to  dig  it  out  of  tne  bosom  of  the  earth. 
[Laughter.] 

Senator  Kittredge.  As  we  were  adjourning  last  night,  Mr.  Burr, 
as  I  recollect,  you  were  talking  of  the  question  of  the  work  being 
done  by  contract. 

Mr.  Burr.  Yes. 

Senator  Kittredge.  Had  you  completed  what  you  wished  to  say  on 
that  subject? 
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Mr.  Burr.  Practically  so.  I  stated  that  my  conclusions  had  not 
yet  taken  very  positive  shape  as  to  doing  the  Culebra  work  by  con- 
tract, although  I  think  that  it  will  undoubtedly  come  around  to  that — 
that  is,  that  it  will  be  advisable  to  do  even  the  Culebra  work  by  con- 
tract. My  only  reason  for  putting  the  matter  in  that  qualified  way 
is  that  I  should  like  to  have  seen  much  more  work  of  mTestigation 
by  the  steam  shovels,  so  as  to  determine  a  reasonable  price  for  that 
work  before  the  contracts  are  let. 

Senator  Kittredqe.  Do  you  mean  in  the  wet  season? 

Mr.  Burr.  I  mean  both  m  the  wet  and  dry  seasons — right  through 
the  year.  Even  though  those  investi^tions  might  have  been  carried 
on  under  very  disadvantageous  conditions,  I  believe  that  we  should 
have  learned  a  great  deal  that  is  valuable.  You  will  probably  all 
remember  that  during  the  first  year  of  the  existence  of  the  Commis- 
don  a  large  amount  of  that  investigation  work  was  done  and  was 
productive  of  valuable  results;  but  during  the  past  six  or  eight 
months  that  work  has  been  suspended  entirely,  so  that  we  have 
ceased  to  get  the  benefit  of  that  kind  of  an  investigation.  I  believe 
that  it  will  undoubtedly  prove  to  be  advantageous  to  do  the  whole 
work  by  contract. 

Senator  Morgan.  I  was  thinking  about  that  after  we  had  some  talk 
about  it  yesterday  evening.  You  divide  (properly,  as  I  suppose) 
the  Culebra  cut  between  Obispo  and  Miraflores.  'that  is  pratically 
the  Culebra  cut? 

Mr.  Burr.  That  is  practically  the  Culebra  cut. 

Senator  Morgan.  Very  good.  Now,  the  great  difficulty  in  that  cut, 
if  I  understand  it,  is  the  transportation  of  the  spoil  ? 

Mr.  Burr.  It  is  a  great  transportation  problem ;  that  is  the  whole 
thing.  •  . 

Senator  Morgan.  Yes.  Now,  of  course,  as  the  Government  owns 
the  railroad  and  operates  the  railroad,  it  would  have  to  supply  trans- 

{jortation  to  the  contractor.  It  could  not  give  up  the  railroad  and 
et  him  control  it  ? 

Mr.  Burr.  Oh,  no. 

Senator  Morgan.  Very  good.  The  Government,  then,  would  have 
10  supply  transportation  for  the  contractor  in  that  particular  part  of 
the  work? 

Mr.  Burr.  That  would  probably  be  the  way  in  which  it  would  have 
10  be  done. 

Senator  Morgan.  Therefore  that  contract  would  be  differentiated 
rrom,  perhaps,  any  great  part  of  the  work  by  the  fact  that  the  Grov- 
emment  would  have  to  supply  the  transportation?  That  is  what  I 
supposed  to  be  the  difference  between  the  Culebra  cut,  as  we  call  it, 
and  any  other  part  of  the  construction. 

Mr.  Burr.  Yes;  that  is  a  differentiating  feature,  and  a  great  differ- 
entiating feature. 

Senator  Morgan.  Yes.  Now,  then,  as  a  proposition  that  would  be 
general  in  its  application  to  the  work  of  construction  of  that  canal, 
the  Government  ought  to  retain  the  control  of  all  the  transportation 
by  land? 

Mr.  Burr.  I  think  it  should. 

Senator  Morgan.  Yes.  Of  course  if  you  come  in  with  dredges 
from  the  BaV  of  Limon  and  proceed  to  dredge  the  canal  up  as  far  as 
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Ganiboa,  as  far  as  you  want  to  go  with  it,  that  transportation  would 
be  barge  transportation  and  pipe-line  transportation  f 

ilr.  SuR».  Entirely  so. 

Senator  Morgan.  Vou  would  not  have  any  occasion,  or  very  little 
occasion,  perhaps,  for  the  use  of  the  railroad  in  order  to  get  rid  of 
the  spoil  that  miffht  come  out  of  that  part  of  the  canal  between  the 
Bay  of  Limon  and,  say,  Obispo  ? 

Mr.  Burr.  That  might  not  hold.  Senator,  as  far  as  Obispo.  It 
certainly  would  hold  as  far  as  Bohio. 

Senator  Morgan.  I  know  it  would. 

Mr.  Burr.  Between  Bohio  and  Obispo  there  would  probably  be  a 
considerable  amount  of  excavation  in  the  dry,  and  that  spoil  would 
have  to  be  carried  away  by  rail. 

Senator  Morgan.  Tnen,  if  I  understand  you,  the  control  of  the 
railroad  for  the  transportation  of  all  the  spoil  that  has  to  be  trans- 
ported by  rail  would  be  necessarily  retained  in  the  hands  of  the  Gov- 
ernment? 

Mr.  Burr.  That  is  my  judgment. 

Senator  Morgan.  Yes;  ana  that  would  harmonize  with  the  trans- 
portation for  commercial  purposes? 

Mr.  Burr.  Yes. 

Senator  Drtden.  You  may  have  explained,  perhaps,  when  I  was 
not  here,  whether  it  is  your  idea  that  this  canal  shall  be  divided  up 
into  sections  for  contract  work  ? 

Mr.  Burr.  I  think  it  should  be.  Senator. 

Senator  Dryden.  Have  you  formed  an  opinion  as  to  how  many  di- 
visions there  should  be? 

Mr.  Burr.  T  do  not  wish  to  express  myself  positively  upon  that 
matter,  but  I  should  say  generally  that  there  will  be  a  dredg- 
ing section  from  Colon  (including,  perhaps,  the  harbor  work)  to 
Bohio.  That  is  all  dredging  work  of  a  pnuctically  uniform  character. 
The  breakwaters  in  Colon  Harbor  or  Cristobal  Harbor,  whichever 
you  choose  to  call  it,  might  or  might  not  be  by  separate  contract. 
Then  there  would  also  be  a  section  from  Miraflores  to  the  Pacific 
Ocean  which  could  be  done  by  a  separate  contract.  The  Gamboa 
dam — I  am  now  speaking  of  a  sea-level  plan — would,  I  think,  be  a 
separate  section  or  contract.  The  Culebra  cut  would  probably  be 
another,  and  the  work  from  Bohio  up  to  Obispo  possibly  another — 
some  such  division  as  that. 

Senator  Dryden.  That  would  be,  with  a  sea-level  plan,  something 
like  seven  different  contracts? 

Mr.  Burr.  Something  like  that;  yes. 

Senator  Morgan.  Each  of  these  divisions  you  speak  of  has  its  own 
characteristics  that  will  have  to  be  provided  for  in  specifications? 

Mr.  Burr.  Precisely. 

Senator  Taliaferro.  Except  the  two  dredging  contracts — ^the  one 
from  the  Atlantic  and  the  other  from  the  Pacific  ends  ? 

Mr.  Burr.  Thej'  might  go  under  one  contract.  In  fact,  the  same 
parties  might  take  two  of  these  sections,  possibly;  but  I  mean  that 
would  be  approximately  the  general  division  of  things. 

Senator  Taliaferro.  If  the  canal  were  to  be  built  by  contract, 
would  you  not  consider  it  advisable  to  get  as  much  of  the  work  under 
the  management  of  one  contractor  as  possible  ? 


196  INVESTIGATION   OF  PANAMA  CANAL   MATTERS. 

Mr.  BuBB.  I  think  that  as  a  general  principle  that  would  be  ad- 
visable, but  just  how  far  that  should  be  carried  in  covering  two  or 
more  of  these  approximate  sections  which  I  have  mentioned  would 
be  a  matter  to  be  determined  when  it  arose;  that  is,  I  should  not  like 
to  put  mvself  in  the  position  of  making  a  very  positive  statement  as 
to  those  details  at  this  stage  of  the  matter. 

Senator  Eottredge.  Undoubtedly  if  the  work  is  to  be  done  by  con- 
tract, bids  would  be  invited  upon  each  section  and  the  entire  work? 

Mr.  Burr.  Probably. 

Senator  Kittredoe.  Or  a  different  combination  of  sections? 

Mr.  Burr.  Yes. 

Senator  Kittredoe.  Would  it  be  done  in  that  wav  ? 

Mr.  Burr.  It  could  be  done  in  that  way  and  probably  would  be,  or 
in  some  similar  way. 

Senator  Dryden.  In  many  contracts  where  different  contractors  are 
interested  and  contract  for  the  different  parts  of  the  construction  one 
contractor  may  either  help  or  hinder  very  materially  the  work  of 
another  contractor.  I  am  speaking  now  of  the  general,  ordinary  con- 
tract work.    Would  that  be  applicable  in  this  work? 

Mr.  Burr.  It  might  be. 

Senator  Taliaeerro.  Would  it  not  be  peculiarly  applicable  in  this 
work,  in  view  of  the  fact  that  we  have  only  the  one  railroad  there,  the 
Government  line,  and  in  view  of  the  difficulty  about  the  labor  condi- 
tions on  the  Isthmus  ? 

Mr.  Burr.  If  the  Government  controlled  the  railroad — and  that  is 
one  reason  why  it  should,  in  my  judgment — that  fact^would  obviate  a 
good  deal  of  this  intercontract  jfriction  which  would  or  might  other- 
wise take  place.  But,  for  instance,  if  the  Gamboa  dam  should  be  a 
ffreat  earth  mound  with  a  concrete  core,  and  that  earth  should  be  taken 
from  the  Culebra  cut  and  there  should  be  two  different  contractors 
for  those  two  portions  of  the  work,  unless  the  specifications  were 
carefully  drawn  and  the  whole  management  efficient  you  can  readily 
see  that  those  two  contractors  might  have  considerable  friction  about 
various  points  in  the  progress  of  their  works.  But  under  efficient 
management  it  might  bepracticallv  eliminated. 

Senator  Taliaferro.  What  would  be  the  length  of  the  haul  from 
the  Culebra  cut  to  the  Gamboa  dam  ? 

Mr.  Burr.  It  would  depend  upon  the  portion  of  the  Culebra  cut 
from  which  you  took  the  material  to  the  bank.  From  Gamboa  to  the 
highest  point  of  Culebra  Hill  is  about  6  miles,  along  the  canal  line; 
but  from  Gamboa  to  the  beginning  of  the  deepest  part,  at  Las  Cas- 
cadas,  is  only  2  miles.     It  would  not  be  a  long  haul. 

Senator  Morgax.  Is  that  at  Obispo  ? 

Mr.  Burr.  Las  Cascadas  is  near  Obispo.  Obispo  is  about  halfway 
between  Las  Cascadas  and  Gamboa. 

Senator  Morgan.  The  proposition  grows  upon  me  that  you  seemed 
to  subscribe  to  yesterday — that  in  any  and  every  event  the  United 
States  will  require  the  exercise  of  its  strongest  and  even  its  most 
arbitrary  powers  down  there  to  control  situations,  and  particularly 
so  if  yoii  put  it  in  the  hands  of  contractors. 

Mr.  Burr.  I  do  not  know  that  I  should  want  to  subscribe  at  once 
to  the  expression  "  the  most  arbitrary  power,"  but  there  certainly 
must  be  a  firm  control  of  the  situation. 
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Senator  Morgan.  I  mean  a  power  least  controlled  by  write  of 
habeas  corpus  and  lawsuits  of  different  kinds,  and  interventions, 
appeals,  etc.    I  will  say  "  summary  "  instead  of  "  arbitrary." 

Afr.  BuRB.  I  have  no  hesitation  in  saying  that  there  must  be  a  very 
firm  control  of  things  down  there ;  but  as  to  the  details  of  procedure 
in  order  to  secure  that  control  I  should  prefer  not  to  express  myself 
very  positively. 

Senator  Morgan.  But  you  are  satisfied  that  the  power  ought  to  be 
there  to  control  it  ? 

Mr.  Burr.  There  should  be  a  firm  control  of  the  whole  situation; 
there  is  no  question  about  that,  in  my  judgment. 

Senator  Taliaferro.  Mr.  Burr,  you  addressed  yourself  yesterday 
with  some  particularity  to  the  time  it  would  require  to  put  a  ship 
through  this  lock  canal.  Did  you  state,  or  will  you  state  now,  con- 
cisely, what  time  you  estimate  it  would  take  the  ordinary  ship  to  pass 
through  the  seal-level  canal  from  ocean  to  ocean  ? 

i£r.  Burr.  It  would  depend  somewhat  on  the  size  of  the  vessel ;  in 
fact,  it  would  depend  a  great  deal  on  the  size  of  the  vessel. 

A  ship  800  feet  long,  we  will  say,  such  as  is  now  building  (which, 
of  course,  is  an  enormous  vessel,  and  larger  than  any  now  afloat), 
would  require  probably  ten  hours,  with  the  prism  proposed  in  the 
majority  report.  A  ship,  say,  of  5,000  tons  burden,  such  as  at  present 
the  New  York  and  Hawaiian  Steamship  Companv  are  running  be- 
tween New  York  and  San  Francisco  and  New  "fork  and  Hawaii, 
would  pass  through  that  canal  in  probably  six  hours — six  or  seven. 
Ships  have  passed  through  the  Suez  Canal  (and  that,  after  all,  is 
the  only  practical  test  which  we  have  at  the  present  time  as  to  such 
matters), a  canal  with  a  materially  smaller  pnsm,at  the  rate  of  about 
^»  miles  an  hour,  when  their  wetted  section  has  been  almost  one-third 
of  the  wetted  section  of  the  canal  prism;  whereas  the  majority  has 
based  its  considerations  of  passing  through  the  sea-level  canal  on  the 
wetted  cro^s  section  of  a  ship  being  not  more  than  one- fourth  of  the 
wetted  section  of  the  canal  prism. 

Those  are  facts  of  experience  on  the  Suez  Canal  with  ship?  up  to 
nearly  600  feet  in  length — not  quite.  I  think  they  have  passed  ships 
up  to  560  feet  in  length,  but,  so  far  as  I  now  recall,  not  up  to  600 
feet. 

Senator  Morgan.  Do  they  run  day  and  night? 

Mr.  BuRK.  They  run  day  and  night. 

Senator  Kittredge.  How  about  the  passage  of  the  same  ship 
throngh  the  lock  canal? 

Mr.  BrRR.  That  brin^  up  the  same  question  which  I  touched  upon 
yesterday.  It  is  essentially  impossible  to  estimate,  under  practical 
conditions,  the  time  required  to  pass  such  a  ship  through  the  lock 
canal  on  the  plan  of  the  minority.  We  may  assume,  as  is  assumed 
in  the  minority  report,  that  the  ship  arrives  at  the  terminal  port 
when  the  condition  is  exactly  right  tor  its  immediate  entrance  into 
the  canal;  that  all  of  the  enormous  machinery  of  these  six  locks  is 
working  to  perfection ;  that  the  ship  will  move  promptly  to  its  place 
in  the  lock;  that  the  gates  behind  it  will  be  closed  without  a  hitch 
and  that  those  in  front  of  it  will  be  opened  without  a  hitch;  that 
the  filling  and  emptying  of  the  locks  will  all  occur  promptly ;  that 
everything  in  this  train  of  appliances  and  its  management  and  con- 
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trol  shall  fit  exactly  into  each  other — that  is,  with  absolutely  ideal 
conditions  you  might  get  such  a  ship  through  the  lock  canal  in  perhaps 
eight  to  nine  hours. 

But  when  you  take  the  average  time  in  the  long  run,  month  in  and 
month  out,  with  ships  arriving  at  the  terminal  harbors  practically  in 
fleets,  the  last  of  a  fleet  of  ships  would  naturally  have  to  wait  until  all 
the  others  had  gone  into  the  locks  and  passed  on  their  way. 

Senator  Taliaferro.  Mr.  Burr,  let  me  interrupt  you  there  a  mo- 
ment. Does  that  estimate  of  time  refer  to  the  800-foot  ship — ^the  ship 
800  feet  long — or  to  the  average  ship  ? 

Mr.  Burr.  I  am  now  speaking  of  the  average  ship,  400  or  500  feet 
only  in  length,  or  less,  if  you  please. 

iSenator  Taliaferro.  So  that  the  difference  of  time  between  the 
sea-level  and  the  lock  canal  for  the  passage  of  the  average  sized  ships 
would  be  what? 

Mr.  Burr.  I  am  getting  at  that  as  nearly  as  I  can.  The  last  of 
those  half  dozen  ships,  we  will  say,  would  probably  have  to  wait  at 
the  terminal  harbor  some  eight  or  nine  or  ten  hours,  even  if  every- 
thing worked  to  perfection — and  it  never  does  with  human  things. 
But  suppose  it  does  work  to  perfection,  then  the  average  wait  or  delay 
of  those  ships  at  the  terminal  would  be  perhaps  four  hours.  It  might 
easily  be  more  than  that,  but  say  it  is  oiuy  four  hours.  Now,  add  that 
to  the  time  required  in  actual  ideal  passage,  and  you  would  get  from 
twelve  to  thirteen  hours — materially  more  than  would  be  required  to 
pass  through  the  sea-level  canal. 

If  you  add  to  that  (which  vou  must  add  if  you  are  to  deal  with 
things  as  they  actually  are  and  not  theoretically)  the  hitches  of  ma- 
chinery and  lock  gates  and  the  little  delays  of  all  kinds  that  will 
occur  in  the  operation  of  such  trains  of  mechanism  and  so  many 
heavy  moving  masses,  with  an  occasional  breakdown  or  accident, 
either  to  the  ship  or  to  the  lock  or  to  something  else,  I  doubt  very 
much  whether  the  average  through  the  year  of  the  time  of  passage 
of  a  ship  through  the  lock  canal  will  be  less  than  twice  that  required 
to  pass  a  ship  through  the  sea-level  canal.  Of  course  that  is  not  an 
exact  computation,  but  it  is  as  near  as  can  be  made. 

Senator  Kittredge.  Right  at  that  point,  Mr.  Burr,  let  me  suggest 
that  I  notice  that  in  the  minority  report  a  comparison  is  made  with 
conditions  at  the  Soo  lock.  Have  you  any  comment  to  make  upon 
that  suggestion  or  statement  ? 

Mr.  Burr.  I  am  very  glad  that  you  have  asked  that  question,  Sen- 
ator, for  I  had  intended  to  touch  upon  that  matter  before  and  it  has 
slipped  my  mind. 

Any  conclusion  as  to  the  time  of  passing  throug^h  the  canal  on  this 
lock  plan  with  six  great  locks,  three  of  them  being  in  series  at  the 
Gatun  dam,  based  upon  the  experience  at  the  Soo,  with  one  lock  only, 
and  that  with  only  about  two-thirds  the  lift  of  any  one  of  these,  will 
be  utterly  misleading,  and  I  want  to  say  that  with  all  earnestness  and 
emphasis,  because  that  fact  is  frequently  overlooked.  The  majority 
has  stated  it,  but  it  has  not  received  the  attention  to  which  its  actual 
importance  entitles  it. 

The  passage  of  traffic  through  the  St.  Marys  River  and  the  Soo 
lock — because,  strictly  speaking,  there  is  no  canal  there ;  the  canal  is 
only  a  mile  and  three-fifths  long,  and  it  is  practically  an  approach  to 
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the  lock  and  nothing  else — ^is  made  under  conditions  radically  diflfer- 
ent  from  those  which  .will  be  found  at  the  Isthmus  for  all  time.  All 
the  ships  that  pass  the  Soo  lock  pass  it  practically  on  schedule  time. 
That  service  has  been  aptly  termed  a  ferry.  They  are  ships  running 
between  the  Lake  ports,  from  the  Lake  Pprts  this  side  of  the  Soo  to 
Lake  ports  the  other  side,  or  vice  versa.  There  is  a  regular  procession 
of  vessels — ^that  is  what  it  amounts  to — ^with  fixed  intervals  between 
them*  or,  as  I  said  a  few  moments  ago,  practically  running  on  schedule 
time.  It  is  precisely  like  a  railroad  schedule.  That  is  not  an  exag- 
geration. It  is  simply  a  statement  of  the  facts  as  they  are.  Now, 
that  is  ideal  for  that  purpose,  so  that  it  is  rare  that  two  or  t^ree  ships 
will  conflict  with  each  other  under  such  circumstances. 

Anyone  who  is  familiar  with  ocean  navigation,  I  think,  in  any  port 
of  the  world,  will  bear  me  out  in  saying  that  no  such  regularity  of 
traffic  is  thinkable. 

Senator  Kittredgb.  You  are  now  speaking  of  the  lock  plan  ? 

Mr.  Burr.  I  am  now  speaking  of  the  traffic  which  will  oe  tributary 
to  the  isthmian  canal.  1  have  just  shown  with  what  schedule  regu- 
larity ships  approach  and  pass  through  the  Soo  lock,  and  I  am  now 
contrasting  it  with  the  conditions  which  will  exist  at  the  Isthmus. 

Of  course  no  such  regularity  of  schedule  as  that  is  possible.  The 
ships  in  the  interior  lakes  pass  over  trips  of  a  few  hundred  miles  at 
most  between  ports.  The  ships  that  will  pass  through  the  isthmian 
canal  are  engaged  in  ocean  navigation.  They  come  from  ports  all  over 
the  world,  going  to  ports  all  over  other  parts  of  the  world.  French, 
German,  Italian,  English  ships  are  going  to  the  Orient,  we  will  say, 
or  American  ships  are  leaving  the  Atlantic  coast  to  go  to  the  Orient 
or  the  Pacific  coast  of  the  United  States  or  in  other  directions ;  and  it 
is  the  experience  of  every  port  in  the  world  (it  must  necessarily  be  so) 
that  there  is  no  regularity  in  the  arrival  of  ships  at  a  terminal  canal 
port  under  such  circumstances.  There  may  be  a  day  or  two  with 
scarcely  a  §hip  and  then  a  day  with  a  dozen.  It  is  very  misleading 
to  state  any  conclusions  as  to  time  of  passage,  or,  in  fact,  any  other 
i*onclusions  as  to  the  operation  of  the  lock  plan  at  the  Isthmus,  on 
the  experience  of  the  Soo  lock.  This  bunching  of  ships  on  the 
Isthmus,  or  arriving  in  fleets,  as  I  stated  yesterday,  if  the  traffic  ever 
becomes  great,  as,  in  my  judgment,  it  certainly  will,  would  result  in 
most  confused  congestion  with  a  lock  canal.  In  fact,  if  you  attempt 
to  analyze  it  on  a  theoretical  basis,  you  will  find  that  some  ships  will 
never  get  through  the  canal. 

The  Chairman.  Mr.  Burr,  have  you  gone  over  the  statement  made 
by  the  chief  engineer  in  regard  to  tfeat  particular? 

Mr.  Burr.  I  nave. 

The  Chairmax.  Will  you  give  us  your  opinion  as  to  his  state- 
ment f 

Mr.  Burr.  You  mean 

The  Chairman.  As  to  the  time  he  thinks  it  will  take,  in  his  letter, 
generally,  in  regard  to  that. 

Mr.  Burr.  He  takes  the  same  position  as  the  minority. 

The  Chairman.  I  understood  you  were  going  to  talk  to  us  this 
morning  in  reference  to  Mr.  Stevens's  letter,  were  you  not? 

Mr.  Burr.  Yes;  and  I  shall,  in  detail;  but  as' to  this  particular 
point  regarding  the  time  of  passage  through  the  canal,  his  position  is 
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the  same  as  that  of  the  minority,  and  mjj  criticisms  of  the  minority's 
position  apply  directly  to  his  observations.  His  statement  to  tiie 
effect  that  ships  can  pass  through  the  lock  canal  quicker  and  more 
safely  than  through  a  sea-level  canal  is,  in  my  judgment,  without  any 
foundation  whatever  in  actual  experience. 

Senator  Morgan.  Mr.  Burr,  you  have  mentioned  your  opinion  that 
the  traffic  through  the  canal  will  become  venr  great,  very  much 
greater  than  is  now  supposed  by  people  usually,  I  t&e  it? 

Mr.  Burr.  I  believe  it  will  become  a  large  traffic. 

Senator  Morgan.  The  traffic  through  the  Suez  Canal  has  increased 
very  rapidly,  has  it  not? 
'    Mr.  Burr.  It  has. 

Senator  Morgan.  The  traffic  through  the  Soo  Canal  has  increased 
with  still  more  wonderful  rapidity? 

Mr.  Burr.  Still  more  wonderful  rapidity. 

Senator  Morgan.  Yes;  so  that  the  tenaency  of  commercial  inter- 
course and  interchange  has  been  very  active  and  is  getting  more  and 
more  so  every  day  ? 

Mr.  Burr.  It  appears  to  be. 

Senator  Morgan.  I  suppose  that  no  one  could  now  estimate  what 
amount  of  commerce  would  await  transportation  through  the  Panama 
Canal  at  the  time  of  its  .being  completed  either  on  the  sea-level  plan 
or  the  lock  plan?    No  one  can  make  any  estimate  as  to  that? 

Mr.  Burr.  No  ;  nothing  like  a  demonstrable  conclusion.  The  Com- 
mission of  1899-1901  made  as  careful  a  study  of  that  question  as 
could  be  made,  and  it  did  not  express  any  positive  opinion,  but  thought 
that  there  might  be  seven  or  eight  million  tons,  or  something  of  that 
sort. 

Senator  Morgan.  And  there  are  just  as  apt  to  be  seventeen  or 
eighteen  million? 

Mr.  Burr.  Yes ;  or,  the  first  year,  less. 

Senator  Morgan.  So  that  the  capacity  of  the  canal  is  limited  to  a 
certain  amount  of  tonna^  passing  through  under  the  best  system  of 
management.     It  is  a  limited  capacity. 

Mr.  Burr.  The  lock  canal  is  of  limited  capacity ;  but  a  sea-level 
canal — of  course  its  capacity  is  limited,  too,  out  its  limit  is  so  high 
that  it  is  venr  great. 

Senator  Morgan.  I  had  supposed  that  the  sea  gate  on  the  Panama 
side  was  a  limit  of  a  verv  important  character. 

Mr.  Burr.  I  do  not  tliink  that  it  is  a  very  serious  limit,  Senator, 
for  the  reason  that  if  at  one  stage  of  the  tide  there  were  half  a  dozen 
t;hips  waiting  to  get  into  the  canal — just  as  I  have  supposed  alreadv — 
witnin  that  tide  there  would  come  a  period  of  a  considerable  numl^er 
of  hours  when  the  gates  would  be  wide  open,  and  the  whole  could  go 
through. 

Senator  Morgan.  If,  instead  of  seven  or  eight  millions  of  tons — 
which  have  been  the  basis  of  calculation  passing  through  annually — 
there  should  be  seventeen  or  eighteen  million  tons,  then  you  would 
think  that  the  canal  was  about  to  its  limit,  would  you  not? 

Mr.  Burr.  No;  I  think  that  the  lock  canal  would  pass  more  than 
that.  There  would  be  great  inconvenience  at  times,  but  I  think  it 
might  pass,  perhaps,  thirty  or  thirty-five  millions.  But  you  can  not 
estimate  that  with  any  reliability. 
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Senator  Morgan.  The  Soo  Canal  already  passes  36,000,000  annually 
in  half  the  year,  does  it  not? 

Mr.  Burr.  At  that  rate? 

Senator  Morgan.  Yes. 

ilr.  Burr.  At  that  rate? 

Senator  Morgan.  Is  that  only  at  the  rate  of  36,000,000? 

Mr.  Burr.  It  operates  approximately  only  eight  months  in  the 
year,  but  it  is  at  that  rate. 

Senator  Morgan.  But  the  36,000,000  actually  went  through  it  last 
year,  did  they  not? 

Mr.  Burr.  I  think  it  is  not  quite  so  much  as  that. 

Senator  Morgan.  Well,  thirty-five  or  thirty-six — close  to  it. 

Mr.  Burr.  As  I  recall  it^ — I  may  be  mistaken,  but  as  I  recall  it — 
the  rate  during  the  eight  months  of  its  use  was  at  about  39,000,000 
tons  in  twelve  months. 

Senator  Morgan.  Yes. 

Mr.  Burr.  But  I  may  be  mistaken  about  that.  It  was  a  large 
quantity. 

Senator  Morgan.  It  is  a  tremendous  quantity. 

IVrr.  Burr.  It  is  a  tremendous  traffic;  but  you  must  remember  that 
there  is  only  a  single  lock  there.  Senator. 

Senator  Morgan.  And  that  is  supplemented  by  the  British  locks 
in  sight  of  it  on  the  British  side  of  the  waters? 

Mr.  Burr.  It  is.- 

Senator  Morgan.  And  they  carry  almost  an  equivalent  amount,  do 
they  not  ? 

Mr.  Burr.  Xo:  nowhere  near  as  much.  The  bulk  of  the  traffic 
passes  on  this  side. 

Senator  Morgan.  But  it  is  still  supplemented  by  at  least  two  great 
trunk  lines  of  railway  that  haul  much  of  the  stuff  that  would  go 
through  the  canal  if  there  was  no  other  means  of  transportation; 
90  that  the  increase  of  commerce  at  that  center  or  along  that  line  has 
been  simply  tremendous  and  almost  unaccountable. 

The  point  I  want  to  get  at  is  this:  I  will  state  as  a  predicate  for 
it  that  my  view  of  the  situation,  and  my  doctrine,  if  you  please  to 
call  it  such,  is  this — that  no  government  in  the  world — ^not  even  the 
local  governments  on  that  Isthmus — shall  be  permitted  to  stand  in 
front  of  the  United  States  as  to  the  control  of  any  canal  cut  any- 
where through  the  isthmian  region.  That  is  my  predicate.  There- 
fore the  United  States,  if  it  fouows  out  its  own  declarations  and  its 
own  indispensable  national  policy,  must  take  charge  of  any  canal  that 
ip  carried  through  there.  That  does  not  apply  to  railroads,  but  to 
canals,  and  very  properly ;  because  a  railroad  can  not  get  out  to  sea, 
while  a  ship  passing  through  a  canal  can,  and  can  go  to  the  utter- 
most parts  of  the  earth. 

It  IS  further  my  impression  and  my  conviction  that  by  the  time 
we  get  the  Panama  Canal  built  on  either  plan  we  will  find  more  com- 
merce there  than  one  canal  can  carry,  and  that  the  necessary  resort 
will  be  to  the  canal  through  Nicaragua,  and  then  that  "  the  stone 
which  the  builders  have  rejected  will  become  the  chief  stone,  of  the 
corner.'*  That  is  my  notion  about  it.  I  do  not  hesitate  at  all  to 
speak  of  it  and  to  state  it,  because  I  look  forward  to  it  with  great 
hopefalness. 
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Do  you  conceive  that  there  may  be  a  necessity,  that  it  is  quite  rea- 
sonable to  contemplate  a  necessity,  for  having  an  additional  line  of 
canal  ready,  not  only  to  accommodate  the  excessive  commerce  that 
will  present  itself  for  passing  through  the  canal  at  Panama,  but  also 
to  accommodate  the  snips  that  are  sailed  by  the  winds  that  belong 
to  American  commerce  ?     Do  you  conceive  that  that  is  a  probability  ? 

Mr.  BuKK.  Senator,  you  have  constructed  in  a  very  skillful  and 
graceful  way  the  strongest  argument  that  I  could  possibly  hope  for 
in  favor  of  the  sea-level  canal  at  Panama. 

Senator  Morgan.  I  do  not  think  it  is  an  argument  against  it,  by 
any  means. 

Mr.  Burr.  Because  a  sea-level  canal  has  practically  unlimited  ca- 
pacity, and  if  the  canal  as  completed  should  be  found  in  any  way 
or  for  any  purpose  inadequate  for  the  traffic  of  future  years — ^as  it 
probably  would  be  at  some  future  time,  not  so  very  remote  in  the 
future,  either — its  enlargement  to  accommodate  that  increased  traffic 
would  be  simplicity  itself.  It  could  be  done  economically ;  it  could 
be  done  rapidly  and  most  eflFectively. 

Senator  Morgan.  Now,  will  you  please  state  how  that  can  be  done, 
because  that  is  an  exceedingly  interesting  question  ? 

Mr.  Burr.  It  can  be  done  by  simply  excavating  material  on  one 
side  or  on  both  sides,  if  you  wish — all  that  part  above  the  water  sur- 
face in  the  canal  in  the  dry  and  the  small  portion  remaining  under 
water. 

Senator  Morgan.  Right  there,  if  you  will  allow  me,  I  want  to  ask 
you  a  question.  Do  you  adhere  to  the  same  plan  in  regard  to  the 
sea-level  canal  that  was  suggested  in  regard  to  tne  plan  of  the  Walker 
Commission,  of  putting  wafls  on  either  side  of  that  canal  ? 

Mr.  Burr.  As  a  result  of  our  experience  on  the  Isthmus  and  of  my 
own  personal  experience  during  the  past  six  years — for  I  have  had 
opportunity  to  observe  that  matter  closely — I  believe  that  those 
revetment  walls  are  absolutely  unnecessary. 

Senator  Morgan,  You  exclude  them,  then,  from  your  calculations  ? 

Mr.  Burr.  I  exclude  them  from  my  calculations. 

Senator  Morgan.  I  wanted  to  know  how  that  was. 

Mr.  Burr.  There  may  be  a  few  soft  spots  here  and  there;  but  that 
would  be  a  matter  of  very  small  moment  and  is  included  in  the  20 
per  cent  for  contingencies. 

Senator  Morgan.  So  that  in  the  enlargement  of  your  canal  you 
would  not  have  to  take  out  any  walls? 

Mr.  Burr.  You  would  take  out  no  walls,  reconstruct  no  expensive 
masonry ;  you  would  simply  dig  and  cart  away  the  material. 

Senator  Taliaferro.  And  the  work,  Mr.  Burr,  could  really  be  done 
more  economically,  could  it  not,  by  the  use  of  the  canal  than  by  dig- 
ging out  the  greater  width  at  one  time  ? 

Mr.  Burr.  Much  more  so.  In  fact,  the  whole  operation  would  be 
one  of  extreme  simplicity  and  economy ;  and  it  would  interfere  not  at 
all,  or  at  any  rate  not  sensibly,  with  the  navigation  through  the  Isth- 
mus at  the  time. 

Senator  Morgan.  So  that  if  it  became  necessary,  in  order  to  ac- 
commodate commerce,  to  enlarge  the  sea-level  canal,  you  would  pre- 
fer to  do  that  rather  than  to  build  a  canal  through  Nicaragua  ? 

Mr.  Burr.  I  should.  Senator;  although  I  have  very  pleasant  recol- 
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lections  of  Nicaragua  and  great  admiration  for  the  natural  beauties  of 
that  route- 
Senator  Morgan.  And  you  made  a  strong  recommendation  in  favor 
of  its  practicabilit  J  on  two  occasions,  once  under  oath,  did  you  not  ? 

Mr.  Btjrr.  I  think  not  on  two  occasions.  We  reported  first  favor- 
ably to  the  Nicaragua  route,  because  it  was  impossible  to  get  a  reason- 
able proposition  from  the  New  Panama  Canal  Company. 

Senator  Morgan.  No;  that  was  before  you  had  made  up  your  mind 
about  that,  I  take  it^ — ^before  you  had  ever  heard  of  a  proposition  from 
the  Panama  Canal  Companv. 

Mr.  Burr.  I  do  not  recall  what  you  have  reference  to,  Senator. 

Senator  Morgan.  I  have  reference  to  the  fact  that  you  had  stated — 
every  one  of  the  Commissioners,  if  I  remember  correctly,  had  stated — 
under  oath  before  this  committee  that  that  plan  of  the  canal  through 
Nicaragua  was  practicable. 

Mr.  ScRR.  It  is ;  I  say  so  now.     It  is  practicable. 

Senator  Morgan.  Very  good. 

Mr.  Burr.  It  is  feasible. 

Senator  Morgan.  That  is  all  I  wanted  to  have  said. 

Senator  Dryden.  Professorj  if  the  sea-level  scheme  of  canal  of 
which  you  speak  should  in  the  future  be  enlarged,  would  one  result 
of  that  enlargement  be  to  take  out  and  to  reduce  the  sharp  angles  of 
the  canal,  so  as  to  make  it  safer  for  the  vessels  going  throu^  and 
reduce  the  time  of  passage  ? 

Mr.  Burr.  The  curvature  could  be  eased,  but  the  extremely  easy 
curvature  of  the  present  plan  is  such  that  there  is  no  danger  in  pass- 
ing those  curves. 

Senator  Dryden.  Then  you  do  not  agree  with  Chief  Engineer 
Stevens  that  on  that  plan  it  would  be  dangerous  to  the  big  vessels 
going  through  there  ? 

Mr.  Burr.  I  do  not,  Senator. 

Senator  Dryden.  Perhaps  you  have  covered  that  ground. 

Senator  Morgan.  He  has  been  over  all  of  that  yesterday. 

Senator  Dryden.  I  do  not  wish  to  ask  you  about  it  again,  then. 

Mr.  Burr.  I  will  be  very  glad  to  reiterate  it,  Senator. 

Senator  Dryden.  No  ;  I  will  read  it.  Professor,  in  your  testimony. 

Mr.  Burr.  The  curvature  is  so  gentle,  so  easy,  in  the  recommended 
sea-level  plan  that  the  experience  on  the  Suez  Canal — and  we  must, 
I  think,  come  back  to  that  on  all  these  disputed  points  where  we  can — 
shows  that  there  is  no  difficulty  whatever  in  the  rates  of  speed  which 
we  are  now  considering  in  passing  ships  around  those  curves ;  and 
you  can  pass  an  800- foot  ship— in  fact,  you  can  pass  a  1,000-foot 
ship — ^through  the  sea-level  prism  as  recommended  with  perfect 
safety.    It  would  be  at  a  lower  speed,  of  course,  than  a  smaller  ship. 

Xo;  I  disagree  absolutely  with  the  chief  engineer's  expression;  and 
I  will  go  even  further  than  that  and  state  that  I  do  not  know  where 
te  can  find  any  evidence  in  the  practical  operation  of  marine  canals 
which  will  sulJstantiate  his  views  to  the  slightest  degree. 

Senator  Kittredoe.  Mr.  Burr,  while  you  are  on  this  subject,  can  you 
crive  us  the  aggregate  curvature  of  the  Suez  Canal  ? 

Mr.  Burr.  That  was  asked  for  yesterday,  and  I  had  forgotten  that 
it  is  given  in  detail,  but  not  summed  up,  here ;  but  I  can  give  you  that 
in  just  a  moment. 
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Senator  Kittredge.  Yes;  and  then  compare  it  with  the  sea -level 
plan  that  the  Board  of  Consulting  Engineers  propose. 

Mr.  Burr.  It  is,  I  think,  about  467  degrees;  and  there  is  additonal 
curvature  in  the  lakes.  In  the  canal  proper,  between  the  terminal 
harbors  and  exclusive  of  the  lakes,  there  is  a  total  curvature  of  467 
degrees. 

Senator  Kittredge.  That  is  at  Suez  ? 

Mr.  Burr.  That  is  at  Suez;  and  in  the  sea-level  plan,  as  proposed 
by  the  majority,  there  is  a  curvature  of  about  597  degrees,  not  a  great 
difference.  The  curvature  of  tlie  sea-level  plan  compares  most  favor- 
ably with  that  in  the  Suez  Canal. 

Senator  Taliaferro.  Mr.  Burr,  what  would  be  the  effect  on  the  lock 
canal  if  one  or  more  of  those  locks  were  destroyed,  blown  up  ? 

Mr.  Burr.  It  would  simply  destroy  the  canal  until  they  could  be 
rebuilt. 

Senator  Morgan.  A^Tiat  would  be  the  effect  on  the  sea-level  caifal 
if  a  great  ship  800  feet  long  were  sunk  in  the  Culebra  stretch  ? 

Mr.  Burr.  It  would  block  the  canal  so  long  as  it  lay  there.  In 
that  case  it  would  simply  be  blown  up  and  gotten  out  of  the  way 
within  a  few  days,  just  as  was  done  in  the  Suez  Canal  three  or  four 
months  ago.  You  can  do  that  anywhere  in  a  sea-level  canal,  but  you 
can  not  blow  up  a  ship  in  a  lock. 

Senator  Morgan.  But  there  is  no  chance  to  pass  by  it  while  it  is 
lying  there  ? 

ifr.  Burr.  Oh,  it  w^ould  be  but  a  matter  of  hours,  perhaps,  to  make 
a  passage  by  in  many  places,  but  it  would,  of  course,  block  the  canal 
for  the  time  being,  until  either  the  ship  was  out  of  the  way  or  a  pas- 
sage around  it  made.  But  the  probaoility  is  that  the  same  course 
would  be  pursued  as  was  pursued  in  the  Suez  Canal  three  or  four 
months  ago,  when  a  ship  was  blown  up  to  get  it  out  of  the  way. 

Senator  Morgan.  The  rolling  of  a  stone  of  the  magnitude  of,  say, 
20  or  30  cubic  feet  from  these  heights  down  there  would  block  it  until 
that  stone  was  gotten  out,  would  it  not? 

Mr.  Burr.  Oh,  no. 

Senator  Morgan.  It  would  not? 

Mr.  Burr.- In  the  first  place  it  is  not  a  uniform  slope  from  the  top 
of  these  great  cuts  down  to  the  canal.  The  sides  would  be  finished 
in  benches  about  30  feet  high  and  12  or  13  feet  wide  on  top,  or  from 
12  to  15  feet  wide  on  top.  Those  would  catch  any  stone  that  started 
from  any  bench.  It  would  simply  fall  on  the  terrace  immediately 
below  it  and  remain  there.  Then  there  is  a  berm  50  feet  wide  on 
either  side  of  the  canal  prism  at  the  bottom  of  the  cut,  so  that  it  is 
practically  impossible  for  any  incident  of  that  sort  to  occur. 

Senator  Morgan.  That  benn  and  those  benches  would  not  stop  an 
avalanche  of  this  creeping  clay  that  you  speak  of,  would  they? 

Mr.  Burr.  No  ;  if  there  were  any ;  but  there  will  not  be  anv  when 
the  canal  is  done.    That  observation  applies  to  either  type  of  canal. 

Senator  Morgan.  Why? 

Mr.  Burr.  Because  that  clay  is  of  limited  volume,  and  all  that 
adjacent  to  the  canal  will  be  removed. 

Senator  Morgan.  Have  you  taken  that  into  account  in  your  esti- 
mates? 

Mr.  Burr.  That  is  taken  into  account  in  both  estimates. 
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Senator  Morgan.  The  removing  of  the  slipping  clay  that  may  come 
down  into  the  canal  ? 

Mr.  Burr.  Yes;  so  that  the  possibility  of  that  incident  is  abso- 
lutely removed. 

Senator  Tauaferro.  You  said  that  the  destruction  of  one  or  more 
of  those  locks  would  destroy  the  canal. 

Mr.  Burr.  I  mean  it  would  put  it  out  of  conunission.  It  would 
make  it  impossible  to  pass  traffic.  Of  course  if  this  accident,  which 
vou  speak  of,  destroyed  one  lock  only,  completely  or  not  completely, 
but  seriously  shattered  it.  it  would  let  the  water  out  of  that  level,  out 
of  the  summit  level — ^in  lact,  while  there  would  be 

Senator  Taliaferro.  Would  the  lower  locks  control  the  water  if 
the  upper  lock,  for  instance,  was  destroyed  ? 

Mr.  Burr.  They  might;  but  see  what  would  happen^  Senator. 
Suppose  the  upper  Iock — that  is,  the  lock  at  the  extremity  of  the 
summit  level-^nould  be  destroyed.  Suppose  a  ship  should  run 
through  the  gates,  and  by  some  fortunate  incident  save  itself  from 
destruction,  but  knock  the  gates  out.  That  would  inmiediately  draw 
off  the  water  from  the  upper  level.  The  gates  below  that  would  not 
have  anv  effect  upon  the  matter,  because  the  water  would  pour  into 
ealh  lock  below  and  over  the  tops  of  the  gates  or  side  walls  in  the 
shape  of  a  cascade  or  a  cataract. 

Senator  Kittredoe.  And  reduce  the  summit  level  of' the  water? 

Mr.  Burr.  It  would  drain  the  summit  level. 

Senator  Kittredgb.  To  what  extent? 

Mr.  Burr.  It  would  drain  it — that  is,  down  to  the  level  of  the  bot- 
tom of  the  lock. 

The  Chairman.  What  would  be  the  result  if  an  accident  of  that 
kind  should  happen  to  the  lock  in  the  sea-level  canal  ? 

Mr.  Burr.  It  that  sort  of  an  accident  happened  to  one  of  the  locks 
in  the  sea-level  canal  it  would  simply  permit  the  water  from  the  sea  to 
go  into  the  canal  at  extreme  hi^h  tide  or  the  water  to  flow  out  of  the 
canal  in  extreme  low  tide,  until  the  obstacles  in  the  locks  had  been 
taken  away. 

The  Chairman.  That  would  stop  all  traffic  upon  the  canal,  would 
it  not,  for  the  time  being? 

Mr.  Burr.  For  the  time  being,  until  the  obstacles  were  taken  away. 

The  Chairman.  The  same  as  it  would  in  the  other  canal  ? 

Mr.  Burr.  Yes.  But  pardon  me.  Senator,  that  would  be  a  compara- 
tivelv  small  affair,  because  it  would  affect  the  details  only  of  one  lock, 
which  could  be  comparatively  quickly  put  in  order. 

Senator  Morgan.  Can  you  state  under  the  control  of  what  govern- 
ment the  protection  of  the  Suez  Canal  is  at  the  present  time? 

Mr.  Burr.  It  is  under  the  care  of  the  English  Government;  but  it 
is  a  neutralized  waterway. 

Senator  Morgan.  I  understand  that  it  was  neutralized  through  it, 
but  I  am  talking  about  the  care  of  the  canal — ^the  protection  of  it. 

Mr.  Burr.  It  is  under  the  English  Government.  The  English  Gov- 
ernment owns  the  majority  of  the  shares,  you  know. 

Senator  Morgan.  No  ;  it  does  not. 

Mr.  Burr.  Pardon  me;  that  is  correct;  it  is  not  a  majority,  but  a 
controllin^interest. 

SenatorAf ORGAN.  Oh,  yes ;  it  controls  it. 
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Mr.  Burr.  It  owns  a  sufficient  number  to  control.  It  is  not  the  ma- 
jority ;  you  are  right. 

Senator  Morgan.  Well,  if  the  English  Government  owned  one 
share,  that  would  be  a  majoritv.     [Laughter.] 

Mr.  Burr.  It  would — a  working  majority,  anyhow. 

Senator  Morgan.  The  English  Government  is  there,  then,  to  main- 
tain the  protection  of  that  canal  against  all  invasions  or  troubles  of 
every  kind.     It  has  that  business  thoroughly  in  hand  ? 

Mr.  Burr.  Yes;  it  is  practically  an  English  Government  work. 
.Senator  Morgan.  Very  good;  so  that  there  is  no  interruption  from 
any  neighboring  government  that  is  possible  as  to  the  control  that 
the  En^ish  Government  shall  exercise  ? 

Mr.  Burr.  None. 

Senator  Morgan.  Now,  when  we  get  in  full  control  of  the  2k>ne  here, 
with  th^  canal  constructed  through  it,  we  shall  be  surrounded  by 
neighbors  on  both  sides  who  are  not  people  of  the  United  States,  and 
the  property  will  belong  to  the  .United  States? 

Mr.  Burr.  Yes. 

Senator  Morgan.  Have  you  ever  considered,  or  has  any  of  these 
commissions  that  have  been  projecting  the  canal  at  Panama  on  either 
plan  considered,  what  security  would  be  requisite  to  maintain  qfxd 
protect  that  canal  against  attack  from  other  governments  or  attack 
from  mobs  or  attack  from  individuals,  or,  I  will  say,  for  instance, 
,  from  an  attack  by  a  single  citizen  of  C!olombia  ?  I  would  not  under- 
V  take  to  make  any  inferences  at  all  about  the  virtuous  citizens  of 
Panama  in  that  connection,  but  I  will  take  a  citizen  of  Colombia.  Is 
it  not  necessary,  in  your  opinion,  when  the  canal  is  completed,  that 
the  Government  of  the  United  States  should  be  able  to  protect  it 
against  every  possible  invasion,  as  fuUv  and  completely  as  the  Brit- 
ish Government  protects  the  Suez  Canal  at  the  present  time? 

Mr.  Burr.  Unquestionably. 

Senator  Morgan.  Very  good.    That  is  all  I  want  to  know. 

Senator  Kittrbdge.  liow  would  it  be,  Mr.  Burr,  in  the  event  of 
locks? 

Mr.  Burr.  It  would  be  a  very  easy  matter  for  a  vicious  enemj,  or 
even  one  man,  to  disable  one  lock  or  two  locks,  twin  locks,  with  a 
small  amount  of  high  explosive;  and  if  two  or  three  should  unite  to 
do  such  work,  they  coula  do  a  great  deal  of  damage  in  a  very  few 
minutes.     In  fact,  they  could  put  the  lock  canal  out  of  commission. 

Senator  Kittredge.  In  commenting  upon  that  question  Mr.  Stevens, 
in  his  examination,  said  that  the  obstruction  possible  under  the  condi- 
tions that  you  mention  would  be  just  as  easy  of  accomplishment  in 
the  Culebra  cut  by  dynamiting  the  walls  of  the  cut,  or  substantially 
that    Have  you  any  comment  to  make  upon  that  statement? 

Mr.  Burr.  That  is  not  justified  by  experience.  You  may  explode  a 
considerable  amount  of  even  high  explosive  on  the  surface  of  the 
gjround — and  that  is  what  it  would  be— and  it  is  true  that  the  explo- 
sion makes  a  deep  excavation.  If  that  were  made  on  the  berm  of 
the  canal,  for  instance,  unquestionably  some  of  the  material  of  tliat 
berm  would  be  blown  into  tlie  canal.  But  that  would  be  a  very  small 
thing  and  might  not  affect  navigation  at  all.  I  do  not  believe  a  mass 
of  explosive  put  on  the  surface  of  the  cut  would  have  any  sensible 
effect.     It  might  throw  some  fragments  over  into  the  canal;  but  it 
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would  be  a  very  small  matter,  very  quickly  remedied,  and  might  not 
have  any  such  effect  at  all. 

If  you  were  to  leave  the  Culebra  cut  unwatched  for  a  week,  and  let 
a  body  of  men  go  in  there  and  make  a  tunnel  and  then  take  in  several 
thousand  pounds  of  explosive,  undoubtedly  you  might  get  enough 
material  down  to  partially  fill  the  bottom  of  the  cut;  but  that  is  an 
impossible  procedure. 

It  is  a  matter  of  common  experience  that  a  very  small  amount  of 
dynamite  will  wreck  a  very  large  amount  of  heavy  machinery.  In 
fact,  that  occurred  in  the  city  of  New  York  only  within  a  week,  where 
a  foundry  was  practically  destroyed  by  an  amount  of  dynamite  which 
perhaps  one  man  took  in  and  set  off.  \Ve  all  know  whkt  the  effect  of 
a  torpedo  was  on  the  battle  ship  Maine  in  the  harbor  of  Habana. 

The  placing  of  enormous  masses  of  machinery  and  appliances  and 
great  structures  like  lock  gates  in  an  exposed  position,  where  their 
serious  damage  would  put  the  canal  out  of  use,  seems  to  me,  and 
seemed  to  the  majority,  to  be  a  most  unwarranted  exposure.  It  is 
true  that  the  tidal  lock  in  use  during  those  stages  of  the  tide  that 
require  it  could  be  damaged  also ;  but  that  does  not  destroy  the  canal. 
It  does  not  put  the  canalout  of  commission  except  for  the  few  hours 
that  are  requisite  to  get  the  debris  out  of  its  immediate  position. 
There  is  no  summit  level  to  drain ;  there  is  no  mass  of  masonry  and 
machinery  to  be  thrown  down  into  another  great  mass  of  machinery 
and  lock  masonry. 

Senator  Kittredge.  What  is  the  weight  of  the  gates  ? 

Mr.  Burr.  Those  gates  have  not  been  designed  to  the  last  detail, 
but  each  leaf  of  those  gates  for  a  lift  of  30  feet  will  not  weigh  far 
from  450  tons,  somewhere  about  that,  and  there  will  be  some  twelve 
or  fourteen  pairs  of  them.  In  other  words,  no  ship  can  pass  through 
the  lock  canal  without  requiring  the  movement  of  something  like  ten 
or  twelve  thousand  tons  of  obstructions — movable  obstructions,  to 
be  sure — and  then  moving  them  back  again  after  its  pavssage. 

Senator  Drydex.  May  I  ask  you  what  you  mean  by  the  "  leaf  "  of 
the  gate? 

>ir.  Burr.  I  mean  each  half  of  a  gate.  A  lock  is  composed  of  two 
oblique  parts  which  meet  in  the  center. 

Senator  Drydbn.  Yes. 

iir.  Burr.  Now,  each  leaf  is  each  half  of  the  gate. 

Senator  Dryden.  Yes;  I  understand. 

Mr.  Burr.  So  that  the  operation  of  the  lock  canal  is  one  of  move- 
ment of  enormous  masses  oi  material  which  are  actually  obstructions. 
They  are  useful  obstructions,  but  they  are  actual  obstructions  to  the 
passage  of  traffic,  and  must  be  moved  out  of  the  way  and  then  moved 
back  again  after  the  ship  passes  through. 

Senator  Kittredge.  Last  evening  berore  adjournment  (if  this  is  a 
convenient  point)  I  stated  that  before  you  closed  your  statement  to 
the  committee  I  wished  information  upon  the  question  of  comparative 
cost  of  maintenance  and  operation  as  w^ell  as  comparative  cost  of 
construction  of  the  two  plans.  I  understand,  of  course,  Mr.  Burr, 
that  that  is  stated  in  the  reports  of  each  part  of  the  board,  but  I  de- 
sire your  comments  upon  the  features  that  I  have  suggested. 

Mr.  Burr.  The  sea-level  plan,  as  I  have  already  stated  in  full  de- 
tail, will  not  be  in  danger  of  being  silted  at  any  point  of  its  length. 
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except  possibly  in  the  terminal  approach  channels,  which  are  common 
to  both  plans.  The  Chag^  River  is  so  controlled,  and  all  the  streams 
between  the  two  extremities  are  so  controlled,  that  they  can  discharge 
no  sensible  amount  of  silt  into  the- prism.  That  is  a  very  important 
feature  of  canal  maintenance.  On  the  other  hand,  I  showed  tnat  the 
Chagres  and  all  other  rivers  discharge  all  their  sediment  into  the 
lakes  through  which  the  lock-plan  navigation  is  carried,  and  in  such 
a  way  as  inevitably  to  silt  up  the  channel  to  a  large  extent;  so  that 
that  feature  of-  dredging  is  a  very  important  element  of  maintenance 
in  the  lock  plan,  but  it  is  a  matter  of  no  sensible  importance  in  the  sea- 
level  plan. 

Undoubtedly  there  will  be  some  cleaning  out  of  the  channel  as  years 
pass,  and  there  will  be  terminal  dred^ng  in  the  approach  channels 
annually,  practically  continuously,  ^ut  for  the  maintenance  of 
the  canal  prism  itself  the  amount  of  dredging  will  necessarily  be  very 
small. 

Senator  Kittredge.  In  which  type — the  sea-level  plan  ? 

Mr.  Burr.  In  the  sea-level  plan. 

Now,  I  desire  to  call  your  attention  for  a  few  minutes  only  to  the 
estimate  of  cost  of  maintenance  made  by  the  minoritv  of  the  Board. 

Senator  Kittredge.  As  to  the  maintenance  of  which  type? 

Mr.  Burr.  Both. 

The  cost  of  the  maintenance  of  a  canal  is  made  up  of  a  number  of 
elements.  There  is  this  dredging  of  the  prism  wherever  it  is  re- 
quired and  the  cost  of  repairs  and  maintenance  of  masonry,  machin- 
ery, and  all  other  appurtenances  and  appliances  which  go  to  make 
up  the  total  plant.  In  the  sea-level  plan  there  is  the  channel  and 
the  tidal  lock  at  the  Panama  end,  with  a  maximum  lift  of  about  10 1 
feet  only,  and  I  have  mentioned  also  the  Gamboa  dam,  which  is  a 
feature  of  maintenance  of  the  sea-level  plan. 

In  the  lock  plan  there  are  the  four  dams — one  at  Gatun  and  the 
three  at  the  Pacific  end — and  a  few  other  small  features  of  similar 
character  which  amount  to  little.  In  addition  to  that,  there  is  the  very 
important  item  of  these  six  great  locks,  with  all  their  machinery  and 
appliances,  and  the  waste  weir,  with  the  controlling  gates. 

The  only  way  of  estimating  the  cost  of  maintenance  of  such  works 
is  either  to  deciuce  from  past  experience  the  per  cent  of  first  cost 
which  represents  the  annual  outlay  in  maintenance  and  repairs  or  to 
make  an  estimate  of  the  organization  of  the  different  forces  which 
would  be  required  to  do  this  work,  and  so  arrive  at  the  cost  in  that 
manner.  Both  of  those  procedures  were  considered  by  the  first  CJom- 
mission,  of  1899-1901,  and  both  have  been  considered  in  the  present 
instance.  On  pages  97  and  98  of  the  minority  report  are  made  two 
estimates  of  cost  of  maintenance  for  both  plans  on  both  these  bases. 
On  the  whole,  those  methods  of  procedure  are  well  enough  for  an 
approximate  estimate  of  cost,  but  tnere  is  one  item  used  there  which  is 
most  misleading  and  absolutely  erroneous  in  its  results. 

Senator  Kittredge.  In  which 

Mr.  Burr.  At  the  top  of  page  97. 

Senator  Kittredge.  In  which  estimate  ? 

Mr.  Burr.  In  the  estimate  of  the  cost  of  maintenance  of  the  sea- 
level  plan.  I  believe  its  application  is  erroneous  in  either  case,  but  it 
is  especially  so  for  the  sea-level  plan.    The  old  French  Suez  Canal 
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Company  in  its  earlier  days  used  seven-tenths  of  1  per  cent  of  the 
total  cost  of  excavation  as  the  cost  of  annual  maintenance  of  that 
canal.  You  will  remember  that  that  is  a  shallow  cutting  across  the 
desert.  There  is  one  place  where  hills  occur  where  the  depth  of 
excavation  was  about  90  feet,  but  that  is  a  maximum;  In  general,  it 
is  a  shallow  excavation  across  the  desert. 

Furthermore,  the  winds  of  the  desert  raise  the  sand  and  blow  it 
into  the  prism  of  the  canal ;  so  that  the  volume  of  solid  matetr  in  the 
bottom  of  the  channel  is  augmented  much  in  that  way.  The  excava- 
tion of  the  sea-level  canal  on  the  Isthmus  of  Panama  is  a  very  deep 
excavation  throughout  about  one-half  of  its  length.  The  character 
of  the  country  is  radically  different  from  that  on  the  Isthmus  of  Suez. 
In  fact,  the  t^vo  conditions  are  about  as  absolutely  and  radically  dif- 
ferent as  any  two  conditions  that  can  be  imagined,  and  a  percenta^ 
of  the  cost  of  excavation  applicable  at  Suez  would  be  an  utterly  mis- 
leading gauge  for  the  cost  of  corresponding  maintenance  of  the 
Panama  Canal ;  and  yet  that  seven-tenths  per  cent  is  employed. 

Senator  Kittredge.  Right  there,  if  it  will  not  interrupt  you :  Do  I 
understand  that  that  is  erroneous  to  the  extent  of  the  amount  given — 
a  million  and  a  half  dollars? 

Mr.  Burr.  Very  nearly.  There  would  be  some  small  amount  of 
excavation  for  maintenance  in  the  canal  prism,  but  it  would  be  very 
small — ^in  fact,  so  small  that  I  do  not  know  that  it  can  be  estimated. 

Senator  Kittredge.  Then,  as  I  understand  you,  your  statement  is 
that  this  item  of  $1,512,000,  stated  in  the  minority  report,  is  erroneous 
practically  in  toto? 

Mr.  Burr.  It  is  erroneous.  AMiat  that  item  should  be  I  do  not 
know.  There  should  be  something,  two  or  three  hundred  thousand 
dollars  or  some  small  amount  of  that  kind  at  the  outside;  but  it  is 
erroneous  almost  to  its  full  extent.  The  application  of  the  same  per- 
centage to  the  cost  of  excavation  in  the  lock  plan  is  more  nearly  cor- 
rect In  fact,  it  raav  possibly  be  approximately  correct  for  that  plan, 
because  all  the  silt  n-om  the  tributary  rivers  is  pouring  into  the  lakes 
in  such  a  way  as  to  silt  up  the  channels  to  a  considerable  extent ;  hence 
there  will  be  necessarily  a  large  annual  cost  for  dredging.  I  should 
not  suppose  it  would  be  as  high  as  $450,000,  but  it  may  oe.  At  any 
rate,  that  item  of  $1,512,000  in  the  cost  of  maintenance  of  the  sea-level 
plan  is  almost  entirely  erroneous.  • 

Then,  again,  the  method  used  by  the  Isthmian  Canal  Commission  of 
1899-1901,  which  is  shown  at  the  top  of  page  98,  has  an  erroneous 
application  to  this  sea-level  plan  for  the  same  reason.  You  will 
notice  an  item  in  the  engineer  department  of  $652,932.  While  that 
would  cover  the  item  of  dredging  for  maintenance,  it  would  be  out 
of  all  proportion  as  applied  to  the  sea-level  plan,  for  the  reason  that 
the  silt  is  kept  out  of  the  prism  of  the  canal.  There  should  be  a 
large  item,  or  a  substantial  item,  in  that  place,  but  what  it  would  be  it 
is  diflBcult  to  say,  except  that  there  would  be  dredginff  at  the  terminal 
approach  channels,  and  perhaps  a  little  somewhere  else,  but  one-half 
of  that  would  be  more  than  ample.  Instead  of  $652,000,  $300,000 
would  more  than  cover  it. 

With  all  the  conditions  of  filling  and  silting  which  exist  at  the  Suez 
Canal,  and  they  are  intense  there  both  in  the  terminal  approach 
channels  and  through  the  desert,  the  total  amount  of  excavation  in 
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the  Suez  Canal,  averaged  annually  up  to  1893,  was  only  about 
1,410,000  cubic  yards,  ^nd  it  certainly  would  not  be  as  much  as  that,  or 
anywhere  near,  in  this  canal;  but  if  vou  were  to  take  that  and  apply 
to  it  the  cost  of  20  cents  a  cubic  yard,  which  is  a  very  full  price,  you 
would  have  about  $280,000  only  instead  of  $652,000,  so  that  the 
annual  cost  of  maintenance,  instead  of  being  $2,360,000,  as  given  by 
the  minority,  should  be  reduced  by  at  least  $750,000,  which  would 
make  that  annual  charge  $1,610,000. 

The  difference  between  that  and  the  estimated  cost  of  maintenance 
of  $2,400,000  required  for  the  lock  plan  and  estimated  by  the  minority 
is  practically  $800,000.  That  saving  of  $800,000  annual  expense  con- 
stitutes an  item  of  cost  to  be  charged  against  the  lock  plan,  but  it  has 
not  been  so  charged.  If  we  were  to  capitalize  that  at  2  per  cent^ 
which  I  suppose  would  be  permissible  for  Grovemment  purposes,  it 
would  make  an  item  of  $40,000,000,  or  if  we  were  to  capitalize  it  at 
3  per  cent  it  would  make  an  item  of  about  $27,000,000. 

The  Chairman.  While  you  are  on  that,  ilr.  Burr,  the  additional 
cost  of  one  plan  over  the  other,  if  I  recollect  it,  is  about  one  hundred 
million  dollars,  so  there  would  be  an  expense  every  year  of  $2,000,000 
on  that  account  to  be  charged  against  the  sea-levercanal? 

Mr.  Burr.  That  is  true,  on  that  Imsis.  But  the  point  1  make  here, 
Mr.  Chairman^  is  that  the  estimated  cost  of  the  lock  plan — that  is  what 
I  am  getting  at— is  not  simply  §140.00<),<H)0,  but  is  §140,000,0<K)  plus 
this  capitalized  amount,  whatever  you  choose  to  take  it— $30,000,000, 
if  you  please,  which  would  make  $170, 000,00<>;  and  then  there  must  be 
ad^ed  to  that  the  cost  of  the  lands  flooded  on  the  Isthmus  bj-  these 
lakes.  We  shall  keep  in  mind  the  tigure  of  S170,0(H),000,  and  now 
1  should  like  to  take  up,  for  a  moment,  with  yoxi  the  subject  of  these 
submerged  lands. 

The  minority  has  estimated,  and  correctly,  that  the  submerged  terri- 
tory is  about  118  square  miles:  but,  as  nearly  as  can  \)e  determined^ 
about  58  square  miles  are  owned  by  the  United  States  Government; 
that  is,  are  supposed  to  be  owned  by  the  United  States  Government. 

Senator  Taliaferro.  You  are  refemng  now  to  the  lock  plan  ? 

Mr.  Burr.  Yes,  sir;  I  am  now  referring  to  the  lock  plan,  and  I  am 
getting  at  the  total  cost,  which  should  be  charged  to  the  lock  plan. 
1  am  endeavoring  to  get  at  what  is  a  reasonable  estimate  of  the  value 
of  the  lands  submerged  by  these  teitninal  lakes,  chiefly  by  Gratun  Lake. 
The  total  area  is  118  square  miles,  and  of  that  it  is  supposed  that  the 
United  States  Government  owns  58  square  miles,  fnat  oS  square 
miles  is  treated  by  the  minority  as  if  it  had  no  value. 

Those  who  take  a  first  view  of  that  territorv  would  probablv  say 
that  that  estimate  was  not  far  wrong;  but  it  is  the  best  land  in  the 
whole  Republic  of  Panama,  out<$ide  of  the  city  properties  of  Panama 
and  Colon,  >)ecause  it  is  served  by  the  railroad.  There  is  much  valu- 
able land,  although  at  first  sight  it  does  not  appear  to  be  so.  There 
are  banana  plantations,  there  are  villages  upon  it,  and  it  is  pro- 
ductive of  agricultural  and  other  values  of  large  amounts.  But  that  i» 
all  treated  as  of  zero  value.  Of  the  remaining  52  square  miles,  32 
square  miles,  or  20.480  acres,  is  under  private  ownership,  and  28 
square  miles,  or  17,920  acres,  belongs  to  the  Republic  of  Panama  or  to 
private  owners  outside  of  the  Zone. 
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Senator  Morgan.  By  private  ownership,  do  you  mean  ownership 
under  lease  or  under  fee-simple  title? 

Mr.  BuRK.  Under  title;  supposed  to  be. 

KeadinsT  from  the  minority  report:  "An  approximate  estimate  may, 
therefore,  be  based  on  the  price  per  acre  paid  by  the  canal  company 
for  the  whole  area  it  acquired,  and  such  an  estimate  would  be  38,400 
acres'' — the  sum  of  these  two  quantities  not  owned  bv  the  United 
States,  "'at  $7.70  per  acre,  making  the  total  cost  under  $i^00,000," 

Senator  Taliaferro.  Let  me  mject  a  question  there,  please:  How 
do  these  lands  claimed  there  to  be  owned  b}^  the  (iovernment  com- 
pare in  quality  to  the  lands  under  private  ownership  and  the  owner- 
ship of  the  Government  of  Panama? 

Mr.  Burr.  They  are  largely  of  the  best,  because  they  are  largely 
the  land  on  which  these  villages  along  the  railroad  are  located.  It  is 
the  most  valuable  land  of  the  whole.  That  is,  there  are  some  lands 
under  private  ownership  in  the  villager,  but  I  mean  the  larger  portions 
of  those  villages,  are  loc»ated  on  the  United  States  Government  land. 
I  think  that  that  is  a  serious  feature  of  the  treatment  of  this  question. 
There  has  been  applied  to  this  land  its  value  of  from  twenty  to  twenty- 
five  years  ago,  when  it  had  practically  no  value.  It  is  true  enough 
that  at  that  time  it  was  not  worth  much;  but  it  seems  to  me  that  we 
must  treat  this  question  under  the  light  of  present  experience,  if  we 
are  to  meet  it  fairly. 

Senator  Morgan.  But  the  treaty  is  the  other  way  ? 

Mr.  Burr.  In  what  way.  Senator? 

Senator  Morgan.  That  the  land  when  condemned  shall  be  taken  at 
its  value  without  reference  to  an}^  improvements  that  have  taken  place 
since  the  date  of  that  treaty. 

Mr.  Burr.  Exactly. 

Senator  Taliaprrro.  I  understand  that  Mr.  Burr  is  now  discussing 
the  value  of  the  land  that  this  Government  has  acquired. 

Mr.  Burr.  The  treaty  does  state  that  the  value  of  the  land  taken 
shall  be  that  which  held  at  the  time  of  the  making  of  the  treaty.  That 
IS  correct. 

Now  let  us  consider  that  for  a  moment  and  see  what  happens.  Before 
the  treaty  was  executed,  in  the  latter  days  of  the  New  Panama  Canal 
Company,  there  was  a  dispute  between  the  canal  company  and  the 
pretended  owners  of  some  lands  on  the  westerly  side  of  the  Rio  Grande 
estuary,  in  the  marsh,  and  on  the  side  of  the  hills  [indicating  on  map]; 
there  was  nobody  living  on  it,  and  in  fact  it  was  worthy  of  the  title 
which  the  minority  very  properly  gives  it,  of  worthless  jungle.  The 
matter  was  in  court  interminably,  as  those  things  usually  are,  or  have 
been  down  there,  but  eventual  1}^  the  New  Panama  Canal  Company  was 
obliged  to  pay  $1  in  silver  per  square  meter  for  the  amount  that  it 
took.  In  other  words,  at  the  rate  of  about  $2,000  gold  per  acre  for 
worthless  jungle,  where  no  one  lives,  and  which  is  not  used  for  agri- 
cultural purposes  or  for  anything  else. 

Immeaiatelv  after  the  execution  of  the  treaty  the  Commission,  of 
which  I  was  tten  a  member,  desired  to  purcha^se  about  35  or  36  acres — 
1  have  forgotten  the  exact  amount — on  the  slope  of  Ancon  Hill,  within 
the  former  city  limits  of  the  city  of  Panama.  Obviously  that  made 
it  suburban  property;  but  a  large  portion  of  it — more  than  half 
was  on  a  wcKxied  slope  of  Ancon  Hill,  so  steep  that  a  goat  could 
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scarcely  climb  it,  and  which  would  be  of  no  value  to  anybody  at  any 
time;  and  vet  it  will  surprise  you,  gentlemen,  to  hear  that  the  owner 
of  that  land  demanded  1^00,000  gold  for  it.     Of  course,  be  did  not 

Set  it.  The  Commission  finally  offered  him  $55,000  gold,  and  he 
eclined  that.  Condemnation  proceedings  were  then  begun,  under 
the  terms  of  the  treatv*  and  he  received  between  $41,000  and  $42,000. 

Senator  Morgan.  Was  he  a  citizen  of  Panama  J 

Mr.  Burr.  He  was  a  citizen  of  Panama.  That  was  at  the  rate 
of  about  $1,200  an  acre;  and  there  are  claimants  of  that  marsh  land, 
attaching  to  it  a  value  of  $500  to  $1,000  an  acre.  There  is  a  large 
amount  of  marsh  land  covered  by  Sosa  Lake,  and  two  or  three  claim- 
ants of  that  land  appeared  before^  the  Commisi^ion  when  1  was  a  mem- 
ber of  it  and  in  Panama.  One  of  them  said  that  he  wanted  this  claim 
adjusted;  that  he  could  show  that  he  had  title  to  this  land,  although 
the  United  States  had  bought  it  with  the  raiilroad  in  good  faith;  it 
was  a  part  of  the  railroad  land.  I  do  not  think  he  had  a  shadow  of 
justice  in  his  elaim^  but  still  he  made  it,  and  I  think  he  is  making  it 
still.  In  our  discussions  with  him,  he  wanted  a  thousand  dollars  an 
acre.  He  finally  said  that  he  was  willing  to  compromise  at  $500  an 
acre. 

Senator  Morgan.  Would  it  not  be  cheap  to  get  rid  of  such  people 
at  $500  an  acre? 

Mr.  Burr.  I  do  not  know  but  it  would.  I  do  not  think  that  claim 
has  ever  been  adjusted,  but  there  are  scores  of  such  claims. 

Senator  Ankeny.  Are  you  familiar  with  the  hospital  incident,  where 
we  had  to  buy  land  there  to  increase  the  hospital  grounds  < 

Mr.  Burr.'  Yes.  I  say  that  I  am  familiar  witn  it.  I  am  not  fa- 
miliar with  the  details,  but  I  know  the  land,  and  have  been  on  it, 
and  looked  over  it  with  Governor  Davis.  I  think  the  price  paid  there 
was  something  like  $1,200  or  $1,300  an  acre.  It  was  some  such  sum 
as  that. 

Senator  Ankeny.  Yes;  it  was. 

Mr.  Burr.  As  a  matter  of  fact,  gentlemen,  if  the  United  States 
Government  should  complete  this  lock  plan  it  would  be  fortunate  if 
it  got  out  with  the  payment  of  an  average  price  for  all  the  land  cov- 
erSl,  of  anywhere  from  $300  to  $500  an  acre,  judging  from  actual 
experience  which  we  have  had  there. 

The  Chairman.  You  mean,  along  the  entire  distance  ? 

Mr.  Burr.  I  mean  the  entire  land  covered  or  drowned  by  these  two 
lakes.  1  am  speaking  from  ray  personal  experience  with  those  inci- 
dents which  1  have  mentioned. 

The  Chairman.  Three  hundred  dollars  an  acre? 

Mr.  Burr.  I  think  the  United  States  would  be  lucky  if  it  got  out 
of  it  for  $300  an  acre. 

Senator  Morgan.  Would  not  the  Government  still  be  fortunate  if 
it  got  rid  of  those  people  at  that  price  ? 

Mr.  Burr.  I  do  not  know  but  that  might  be  so.  Senator,  but  1  do 
not  like  to  express  mvself  quite  that  way. 

Senator  Dryden.  ^Vhat  would  that  amount  to,  as  an  actual  aggre- 
gate sum^ 
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Mr.  Burr.  It  would  amount  to  a  very  large  Hum.  I  will  tell  you  in 
a  moment,  including  the  whole  118  square  miles,  for  the  United  States 
has  value  in  that  land  just  as  much  as  any  other  party,  and  the  whole 
mast  be  inclnded.  At  $300  an  acre  the  amount  is  i(18, 656,000.  So  if 
vou  charge  that  up  to  the  cost  of  the  lock  plan,  instead  of  a  total  of 
140,000,000,  practically  you  have  a  total  of  $188,656,000;  and  that 
U  precisely  what  you  have  got  to  face  if  this  plan  of  lock  canal  be 
constructed.  It  does  not  convey  a  proper  or  fair  valuation  of  the  cost 
of  the  work  to  put  it  at  $140,000,000.  These  are  real  items.  They 
are  all  included  in  every  such  work  in  this  country,  and  you  can  not 
escape  them  there. 

Senator  DfirDiuf.  And  your  figuring  includes  the  capitalization  of 
the  excess  of  cost  in  operation  ? 
Mr.  Burr.  Yes. 

Senator  Dryden.  And  that  will  amount  to  $188,000,000,  as  you 
make  it  ? 

Mr.  Burr.  That  would  make  about  $40,000,000,  and  added  to  the 
cost  of  land  would  make  $188,656,000.     It  is  true,  as  the  chairman  has 
stated,  that  the  interest  on  the  difference  in  total  cost  should  he  con- 
sidered also.     1  have  not  the  slightest  disposition  to  overlook  that. 
Senator  Dryden.  Would  not  that  be  198,000,000?     Forty  million 

for  capitalization,  and 

Mr.  Burr.  Thirty  millions  I  should  have  said,  not  forty. 
Senator  Ankeny.  That  is,  the  difference  depending  on  whether  you 
liase  the  capitalization  on  2  per  cent  or  3  per  cent^ 

Mr.  Burr.  Yes;  but  call  it  thirty  millions.  For  such  purpose  you 
may  call  it  thirty  millions. 

Senator  Taliaferro.  What  about  the  dam  for  the  sea-level  plan? 
Does  not  that  submerge  a  large  acreage  of  land? 

Mr.  Burr.  It  does;  and  that  is  a  charge  which  would  have  to  be 
considered,  but  there  is  this  difference:  The  land  under  these  two 
lakes  [indicating  on  map],  is  along  the  railroad,  and  is  the  most  valu- 
able land  in  the  Republic  of  Panama  outside  of  the  cities  of  Panama 
and  Colon.  The  land  submerged  al)ove  Gamboa  is  of  a  different  char- 
acter. It  18  practically  uninhabited.  It  is  wild  tropical  forest  land. 
It  grows  nothing.  There  are  no  bananas  grown  up  there,  and  while 
there  is  the  little  village  of  Cruces  which  would  have  to  be  moved 
back  to  the  hill,  and  a  little  place  called  Palo  Grande,  where  one  or  two 
native  shanties  are  found,  and  j^ou  may  see  the  same  thing  at  Pihiva. 
It  is  practically  uninhabited,  and  put  to  no  valuable  purpose  at  all. 
It  is  clear  out  of  the  way  of  the  canal  line  or  the  railroad  line,  and 
what  it  should  be  taken  at  I  do  not  know,  but  the  value  is  very  small. 
Senator  Taliaferro.  If  the  Government  wanted  it  for  the  purposes 
of  that  dam^  however,  those  people  would  want  just  as  much  for  it, 
probablv,  as  the  owners  of  the  other  lands  want  for  theirs? 

Mr.  6uRR.  Yes;  if  it  is  under  private  ownership.  It  is  verv  diffi- 
cult to  find  out.  The  Panama  Government  would  probably  claim  a 
large  part  of  it;  but  I  think  that  probablj'  $100  an  acre  would  be  a 
corresponding  estimate  for  that,  and  there  would  be  about  JJO  square 
miles. 

Senator  Taliaferro.  That  land  would  drain  off  all  those  lakes, 
would  it  not,  shown  on  that  map? 
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Mr.  Burr.  Those  lakes  would  not  exist  with  the  sea-level  plan  at 
all.     They  do  not  exist  now. 

Senator  Morgan.  The  cost  value  that  they  put  upon  the  lands  in 
those  villages  along  the  side  of  the  railroad  and  in  otner  places  acces- 
sible to  the  railroad  depends  upon  the  fact  that  the  railroad  is  there  i 

Mr.  Burr.  Yes. 

Senator  Morgan.  The  best  way  to  meet  that  is  to  change  the  rail- 
road over,  as  we  have  got  to  do  it,  and  let  those  prices  drop. 

Mr.  Burr.  And  destroy  the  value? 

Senator  Morgan.  Yes. 

The  Chairman.  It  occurred  to  me  that  $3  would  be  nearer  the  value 
of  that  land  than  $300. 

Mr.  Burr.  I  do  not  wonder  at  it,  sir. 

The  Chairman.  I  think  if  this  committee  would  visit  that  country 
they  would  think  that  Ij3  an  acre  would  be  nearer  the  value  of  the  land 
than  $300. 

Mr.  Burr.  That  is  a  fact;  but  still,  it  has  much  more  value  than 
appears.  There  is  a  distinct  value  in  that  land.  It  is  capable  of  pro- 
ducing a  great  deal.  In  fact  that  whole  country,  wherever  it  Ls  cleared 
and  worked,  grows  everything  of  a  tropical  character  luxuriantly. 

The  Chairman.  I  think  the  only  product  I  noticed  down  there  was 
darkies.     That  seemed  to  be  the  mam  product.     TLaughter,] 

Mr.  Burr.  They  are  most  in  evidence.     [Laugnter.J 

Senator  Kittredge.  Have  you  any  suggestion  regarding  the  health 
conditions  if  the  lock  plan  is  adopted  and  these  swamps  created  if 

Mr.  Burr.  I  have  a  suggestion.  It  is  not  a  practical  point  of  so 
much  value  or  so  much  importance  as  that  which  I  have  just  noted, 
and  yet  it  seems  to  me  that  it  is  a  very  important  consideration.  In 
fact,  I  think  it  is  a  very  important  consideration  to  destroy  this  land. 
I  believe  that  the  whole  Canal  Zone  will  be  covered  in  the  compara- 
tively near  future  with  a  population  much  better  than  that  which 
now  exists,  and  a  productive  one. 

Those  people  will  learn  industry,  or  at  least  those  who  follow  them 
will;  perhaps  Ihe  adults  now  never  will.  But  it  seems  to  me  a  very 
serious  matter  to  wipe  out  of  existence  all  that  valuable  territory  which 
could  be  made  productive  and  contribute  to  the  wealth  of  the  iione. 

There  is,  however,  one  serious  sanitary  feature  which  I  believe 
should  not  be  overlooked,  although  it  can  not  be  stated  in  dollars  and 
cents.  The  flooding  of  the  land  by  those  two  lakes  will  cover  up  a 
great  many  mosquito-breeding  marshes,  as  they  now  exist.  That  is 
true.  But  they  will  make  a  gi-eat  many  more.  While  this  map  is  not 
absolutely  accurate  in  all  its  details,  the  general  character  of  ttiis  ser- 
rated margin  of  the  lake  is  correct.  There  is  much  shallow  water,  and 
all  around  these  marshes  we  have  shallow  water  which  will  support 
dense  aquatic  vegetation. 

We  have  observed  that  already  in  our  little  Rio  Grande  reservoir, 
from  which  the  city  of  Panama  draws  its  water.  Aquatic  vegetation 
grows  there  luxuriantly  at  a  depth  of  6  or  8  feet  below  the  surface, 
at  least,  and  that  makes  a  margin  where  the  malarial  mosquito  breeds, 
not  by  the  millions,  but  by  tne  millions  of  billions.     There  would 
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therefore  be  created  a  most  favorable  breeding  spot  of  enormous  area 
for  these  malaria-bearing  mosauitoes. 

Senator  Morgan.  WiSi  no  cnance  to  screen  them  off?     [Laughter.] 

Mr.  Burr.  With  no  chance  to  screen  them  off.  Obviously  it  is  not 
important  in  such  out-of-the-way  places  as  some  of  the  porticms  of  this 
lake,  but  all  through  the  main  part  it  Would  be  a  very  serious  matter. 
As  a  matter  of  fact,  malaria  has  been  a  much  more  serious  sanitary 
feature  of  the  Isthmus  than  yellow  fever,  although  yellow  fever  has 
attracted  all  the  attention.  The  yellow  fever  can  be  controlled.  The 
yellow-fever-bearing  mosquito  is  a  domestic  insect  and  breeds  in  clear 
Water  about  houses,  and  they  are  practically  exterminated. 

1  believe  that  yellow  fever  has  ceased  to  be  an  element  in  the  con- 
ditions of  life  on  the  Isthmus,  but  malaria  among  the  natives  will 
never  be  eliminated.  It  will  be  reduced  to  some  extent,  but  any- 
thing which  increases  to  an  infinite  extent,  as  the  submerging  of  land 
by  these  lakes  does,  the  capacity  to  breed  those  disease-carrying  insects, 
it  seems  to  me  is  a  most  serious  feature,  and  it  is  one  whose  serious 
character  will  be  appreciated  more  and  more  as  the  years  go  on. 

Colonel  Gorgas  told  me  in  conversation  in  response  to  my  inquiry 
that  such  marshes  where  aauatic  vegetation  grows  would  be  productive 
of  just  such  conditions  as  tnose  which  I  have  described.  In  fact,  one 
need  not  go  to  even  a  mosquito  expert  to'know  that,  l)ecause  it  is  a 
matter  of  common  knowledge. 

The  United  States  Government  has  literally  been  si)ending  millions 
of  dollars  to  eradicate  just  such  mosquito-breeding  places  as  this  since 
the  Commission  took  possession,  and  it  is  doing  it  at  present.  It  will 
continue  to  do  it.  Thcvse  lake  conditions  are  calculated  to  intensif}^  the 
results  which  the  Government  has  been  spending  millions  of  dollars  to 
get  rid  of.  It  strikes  me  as  being  a  very  serious  feature,  although  it 
can  not  be  expressed  in  monev  value. 

Senator  Kittredge.  The  chairman  earlier  this  morning,  Mr.  Burr, 
asked  you  at  some  convenient  time  to  comment  upon  the  testimony  of 
Mr.  Stevens.     Is  it  convenient  for  you  to  take  that  up  nowi^ 

Senator  Morgan.  The  question  as  propounded,  it  seems  to  me,  is  a 
little  too  broad— to  comment  upon  the  testimony  of  Mr.  Stevens.  It 
would  be  appropriate,  I  think,  to  ask  the  witness  to  state  an}'  facts  in 
the  testimony  of  Mr.  Stevens  that  he  does  not  think  are  substantially 
correct  or  properly  stated. 

The  Chairman.  That  .was  the  intention. 

Senator  Kittredge.  It  was  not  intended  on  rny  part  to  be  in  the 
form  of  a  question,  but  simply  to  call  the  matter  to  the  mind  of  the 
witness. 

The  CHAiR3f  AN.  I  think  it  was  understood  yesterday  that  that  would 
be  a  matter  to  be  taken  up  bv  Mr.  Burr. 

Senator  Taliafei^ro.  Is  there  any  point  in  Mr.  Stevens's  testimony 
that  you  wish  to  comment  on  ? 

Mr.  Burr.  There  are  some  points,  and  it  will  take  but  a  few  min- 
utes to  do  it.  But  I  should  like  to  mention  one  or  two  matters  which 
have  occurred  to  me  which  I  have  not  mentioned  before,  and  which  I 
think  have  a  real  and  material  bearing  upon  this  matter. 

The  Chairman.  Just  proceed  with  3'our  statement,  then. 

Mr.  Burr.  It  will  take  but  a  verv  few  minutes  to  do  it. 


216  INVESTIGATION   OP   PANAMA   CANAL   MATTERS. 

Much  has  been  said  in  connection  with  the  lock  plan  about  the  ease 
with  which  the  prism  or  the  dimensions  of  the  canal  may  be  increased 
throughout  its  length.  Now,  that  is  true,  but  the  i)oint  which  is 
missea  entirely  in  that  statement  is  this:  That  while  it  is  easy  and 
economical  to  increase  the  dimensions  of  the  canal  prism  between 
Gatun  and  Pedro  Miguel,  that  will  not  increase  by  one  ton  the  traflSc 
capacity  of  the  canal.  That  is  the  point  that  I  want  to  bring  out. 
This  ease  of  enlargement  has  been  mentioned  and  emphasized  as  if  it 
were  going  to  give  increased  capacity  to  the  canal.  That  is  not  the 
case. 

The  capacity  of  the  canal  is  determined  by  the  capacity  of  the  locks; 
so  that  you  may  increase  the  dimensions  of  the  prism  to  any  extent 
between  Gatun  and  Pedro  Miguel,  but  the  capacity  of  the  canal  will 
not  be  increased  an  atom  until  you  give  additional  capacity  to  the 
locks,  and  that  means  their  reconstruction.  It  is  planned  to  get  5 
feet  greater  depth  in  the  locks,  4()  feet  now  being  allowed  for.  But 
increasing  the  depth  of  water  in  the  locks  will  not  increase  the  capac- 
ity of  the  canal  to  any  sensible  extent,  because  it  leaves  the  usable 
length  and  the  usable  width  unchanged. 

The  next  point  relates  to  the  transformability  of  this  plan.  When 
the  President  gave  his  instructions  to  the  Board  be  emphasized  that 
feature  very  much,  and  there  have  been  expressions  m  the  public 

{)ress  which  are  based  upon  the  supposition  that  this  particular  plan  of 
ock  canal  lends  itself  admirably  to  tmnsformability.  As  a  matter  of 
fact,  it  is  that  plan  of  all  other  lock  plans  which  both  the  majority 
and  the  minority  agreed  was  so  little  adapted  to  transformability  that 
it  was  believed  in  the  Board  unanimously  that  if  this  lock  plan  were  once 
constructed,  there  never  would  be  a  sea-level  canal  across  the  Isthmus — 
that  is,  within  any  reasonable  period  in  the  future.  In  other  words, 
that  if  this  plan  Were  adopted  that  settled  the  matter  of  transform- 
ability, and  tnat  a  sea-level  canal  never  would  be  attained. 

Senator  Kittebdge.  You  now  speak  of  the  lock  canal  ? 

Mr.  Burr.  This  lock  plan;  yes.  In  other  words,  it  was  not  consid- 
ered feasible  or  practicable  within  the  reasonable  meaning  of  those 
terms  to  transform  this  plan  to  a  sea-level  canal.  That  is  a  matter 
which  I  want  to  emphasize  with  great  earnestness,  because  there  have 
been  some  very  erroneous  impressions  abroad  in  regard  to  it.  Neither 
the  majority  nor  the  minority  considered  it  adapted  to  transformabil- 
itv,  and  both  portions  of  the  Board  assumed  practically  that  if  this 
plan  were  adopted  the  sea-level  plan  would  not  oe  attained. 

Senator  Dryden.  If  the  lock  type  of  canal  were  adopted,  and  it 
should  be  found  that  the  traffic  required  an  enlargement  of  the  canal, 
could  not  the  locks  also  be  enlarged  to  accommodate  the  increased 
traffic? 

Mr.  Burr.  They  could  be.  It  would  be  a  very  costly  and  incon- 
venient work  to  accomplish,  but  it  can  be  done,  and  it  undoubtedly 
would  be  done. 

Senator  Dryden.  Then  that  would  provide  facilities  for  the  increased 
traffic,  if  the  locks  were  enlarged? 

Mr.  Burr.  Yes.  It  is  possible  to  transform  any  lock  plan  to  a  sea- 
level  canal  if  you  take  the  time  and  the  money;  but  the  real  practica- 
bility of  such  a  change,  of  course,  is  a  different  question. 

Senator  Taliaferro.  If  this  lock  plan  is  adopted,  and  the  lock  canal 
is  built,  could  it,  in  your  judgment,  be  transformed  into  a  sea-level 
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canal  at  anything  like  the  total  present  estimated  cost  for  the  sea-level 
canal? 

Mr.  Burr.  Nothing  like  it.  I  am  very  glad  that  you  have  asked  me 
that  Question.  1  can  very  qruicklv  put  tLat  in  dollai's  and  cents.  The 
Boara — and  when  I  say  tfie  Board  I  mean  the  concurrent  action  of  the 
majority  and  minority  in  this  case^stimated  the  cost  of  transforma- 
tion of  a  lock  plan  practically  identical  with  this  to  a  sea-level  canal, 
and  that  cost,  at  the  unit  prices  adopted  by  the  Board,  is  $208,985,000, 
as  found  on  page  39  of  the  report.  Now,  add  to  that  even  the  minori- 
ty's estimate,  its  own  cost,  without  adding  the  forty-eight  millions  of 
dollars,  which  ought  to  be  added  for  the  items  that  I  have  just  stated, 
taking  $140,000,000  only  as  the  partial  cost,  and  we  shall  have  the  cost 
of  transformed  canal  on  that  basis  as  $348,985,000,  and  that  is  only  a 
partial  cost,  because  the  expense  which  has  been  incurred  between  the 
application  of  the  lock  plan  and  its  transformation,  the  additional  cost 
which  would  be  paid  in  maintenance,  lands  and  other  damages,  are  all 
omitted.  But  take  it  even  on  that  basis,  in  round  numbers,  and  it 
makes  the  attainment  of  a  sea-level  canal  cost  $350,000,000. 
Senator  Kittkedge.  What  about  the  interruption  of  traflBc? 
Senator  Morgan.  It  would  cost  $350,000,000  to  transform  it  from  a 
lock  canal  to  a  sea-level  canal? 

Mr.  Burr.  It  would  cost  much  over  $350,000,000  for  a  sea-level 
canal  bA'  tirst  constructing  this  lock  plan  and  then  transforming  it. 
Senator  Morgan.  That  is  what  I  meant. 
Mr.  Burr.  That  is  right. 

Senator  Dryden.  Would  it,  or  not,  be  true  that  if  a  lock  canal  was 
transformed  into  a  sea-level  canal  a  very  large  expenditure  of  money 
for  the  purchase  of  lands  and  for  other  purposes  would  then  have 
proved  a  wastage,  and  would  be  thrown  away? 

Mr.  Burr.  It  would;  in  fact  the  cost  of  these  great  dams  and  locks 
would  all  be  wasted. 

Senator  Drtden.  Running  into  many  millions  of  dollars,  according 
to  your  statement,  I  assume? 
]Slr.  Burr.  Yes,  sir. 

Senator  Morgan.  Then  the  project  of  transformation,  if  I  under- 
stand it,  was  rejected  by  the  entire  board? 

Mr.  Burr.  The  project  of  the  transformation  of  this  plan  was  rejected 
by  the  entire  board,  but  not  the  project  of  transformation  by  some 
other  plan. 
Senator  Morgan.  What  other  plan  ? 

Mr.  Burr.  It  was  regarded  as  perfectly  feasible,  and  not  incurring 
great  difficulties,  to  build  a  lock  canal  by  bringing  the  sea-level  section 
up  to  perhaps  Obispo,  constructing  the  Gamboa  dam  as  in  the  sea-level 
plan,  making  the  locks  at  Obispo  to  raise  the  level  up  to  60  or  85  feet, 
or  whatever  might  be  settled  upon,  and  then  buildmg  other  locks  at 
Pedro  Miguel,  and  either  at  Miraflores  or  at  Sosa  HilL  In  that  case, 
if  such  a  lock  canal  were  reduced  to  a  sea-level  canal,  the  wastage  or 
superfluous  works  would  be  a  minimum;  that  is,  would  be  simply  the 
locks  at  Obispo,  at  Pedro  Miguel,  and  at  either  Miraflores  or  at  Sosa 
Hill. 
Senator  Taliaferro,  And  the  cut  through  Culebra? 
Mr.  Burr.  There  would  be  no  wastage  on  that.  That  would  be 
simply  enlarged.     The  only  wastage  would  be  what  I  have  stated. 


218  INVESTIGATION    OF   PANAMA   CANAL   MATTERS. 

That  is  the  lock  plan  which  is  best  adapted  to  transformation,  ulti- 
mately, to  a  sea- level  canal. 

Senator  Morgan.  That  means  a  lock  plan  extending  from  Gamboa 
across  to  Miratiores? 

Mr..  Burr.  Yes,  sir. 

Senator  Morgan.  And  the  balance  of  it  sea  level  'i 

Mr.  Burr.  Yes,  sir;  the  balance  of  it  sea  level. 

Senator  Kittredge.  Did  you  estimate  the  cost  of  transformation  of 
that  sort  of  a  lock  canal  ? 

Mr.  Burr.  That  was  not  estimated.  It  could  be  estimated  on  the 
same  unit  prices,  but  it  was  not.     It  would  be  far  less  than  this. 

Senator  Morgan.  If  you  had  a  sea-level  canal  from  Gamboa  to  the 
Bay  of  Limon  and  a  sea-level  canal  from  Miraflores  to  the  Bay  of 
Panama,  by  what  means  would  you  lift  the  vessels  from  that  sea-level 
canal  up  to  the  lock  canal  that  would  span  the  distance  between  Gram- 
boa  ana  Miraflores? 

Mr.  Burr.  Why,  lift  them  in  locks  in  the  usual  way. 

Senator  Morgan.  Is  that  practicable? 

Mr.  Burr.  It  is  simply  using  the  lock  feature  of  a  lock  plan.  That 
is  all. 

Senator  Morgan.  And  using  it  at  Gamboa? 

Mr.  Burr.  No;  not  at  Gamboa,  but  at  Obispo,  or  some  point  near 
Obispo. 

Senator  Morgan.  I  meant  in  that  vicinity  ? 

Mr.  Burr.  Yes,  sir. 

Senator  Morgan.  Using  it  there  where  the  rising  ground  com- 
mences? 

Mr.  Burr.  Yes,  sir. 

Senator  Morgan.  And  locking  down  where  the  rising  ground  falls 
off  into  a  level  ? 

Mr.  Burr.  Yes,  sir. 

Senator  Morgan.  So  that  in  that  instance  you  would  have  a  lock 
canal  between  those  points  that  you  speak  of  as  high  ground  and  a  sea- 
level  canal  from  those  points,  say  Miraflores  and  Gamboa,  out  to  the 
sea  on  either  side? 

Mr.  Burr.  Yes,  sir. 

Senator  Morgan.  Would  the  control  of  the  Chagres  River  be  as 
convenient  and  certain  and  definite  and  satisfactory  with  locks  located 
at  Gamboa  or  in  that  vicinity  as  it  would  be  with  locks  located  any- 
where else? 

Mr.  Burr.  It  would  be  more  so,  Senator,  because  a  dam  at  Gamboa 
would  keep  any  silt  from  the  upper  Chagres  from  entering  the  canal. 
In  my  judgment,  that  is  the  best  plan  of  lock  canal  which  has  yet  been 
suggested. 

Senator  Morgan.  To  confine  the  lock  S5'stem  to  the  high  ground, 
commencing,  say,  at  Gamboa  and  ending  at  Miraflores? 

Mr.  Burr.  Yes,  sir. 

Senator  Morgan.  The  balance  of  it  to  be  sea  level  ? 

Mr.  Burr.  Yes,  sir. 

Senator  Morgan.  In  that  case  the  transformation  would  take  place 
without  wastage,  if  I  understand  you? 

Mr.  Burr.   With  the  minimum  amount  of  wastage. 

Senator  Morgan.  That  is  what  I  meant. 
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Mr.  Burr.  Yes,  sir.  There  would  be  the  wastage  only  of  the  locks; 
that  is  all. 

Senator  Morgan.  In  that  case  you  would  still  retain  the  dam  and 
whatever  was  necessar}'  probably  besides  the  locks  at  Gamboa,  for 
instance? 

Mr.  Burr.  You  would. 

Senator  Morgan.  For  the  purpose  of  controlling  the  Chagres 
floods? 

Mr.  Burr.  Yes,  sir.  Then,  you  see,  when  the  canal  was  reduced  to 
a  sea-level  canal,  the  Gamboa  Dam  and  all  its  controlling  works  would 
be  available  for  the  sea  level. 

Senator  Morgan.  For  the  control  of  the  Chagres? 

Mr.  Burr.  Yes,  sir. 

Senator  Morgan.  As  to  the  sea-level  canal  ? 

ilr.  Burr.  After  the  sea-level  canal  is  reached. 

Senator  Morgan.  That  would  not  be  wasted  ? 

Mr.  Burr.  No,  sir;  that  would  all  be  used. 

Senator  Morgan.  But  the  locks  from  Miraflores  to  Gamboa  would 
be  wasted  i 

Mr.  Burr.  They  would  be  wasted.     The  locks  would  all  be  wasted. 

Senator  Morgan.  That  is  the  sum  of  the  situation? 

Mr.  Burr.  Yes,  sir. 

Senator  Taliaferro.  That  would  get  awa}'^  from  the  mosquito 
theory,  too? 

Mr.  BiniR.  Oh,  yes;  it  would  obviate  that. 

Senator  Morgan.  I  have  been  trying  to  think  out  that  plan  in  mv^ 
own  little  way,  but  it  got  too  big  for  me  when  I  got  to  Gamboa.  I 
could  not  handle  it. 

Mr.  Burr.  In  commenting  on  the  facts  stated  in  the  evidence  of 
Mr.  Stevens  1  shall  of  course  not  duplicate  or  repeat  what  I  have 
already  said  on  the  same  points.  This  matter  of  the  land  valuation 
which  I  have  recently  spoken  of  is  touched  upon  by  him  on  page  897. 
He  states: 

"1  figured  that  putting  the  value  of  the  land  as  high  as  I  possibly 
could,  stretching  my  conscience  to  that  extent — minayou,  if  1  were 
buymg  there  1  would  not  pay  an}^  such  prices— it  would  be  necessary 
to  acquire  not  to  exceed  $300,000  worth  of  privately  owned  tracts." 

I  differ  radically  from  that.  It  would  be  many  millions,  for  the 
reasons  that  I  have  just  given. 

Senator  Dryden.  There  is  a  difference  of  over  $18,000,000  between 
you  on  that  proposition,  as  I  understand  it? 

Mr.  Burr.  There  is  some  discrepanc3%  Senator. 

Senator  Morgan.  In  the  case  of  a  lock  canal  between  Gamboa  and 
Miraflores,  which  would  pass  through  the  Culebra  cut,  how  could  the 
transformation  be  made,  say  in  the  greater  depths  of  the  cut  there, 
while  the  canal  was  in  operation,  without  widening  that  cut  to  perhaps 
double  the  width? 

Mr.  Burr.  Either  in  transforming  a  lock  canal  to  a  sea-level  canal, 
or  widening  a  sea-level  canal,  it  would  only  be  necessary  to  take  oft'  a 
uniformly  thick  layer  of  material. 

Senator  Morgan.  On  one  side? 

Mr.  Burr.  On  one  side  or  divided  between  the  two. 

Senator  Morgan.  Up  to  the  top? 
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Mr.  Burr.  Up  to  the  top. 

Senator  Morgan.  Very  good. 

Mr.  Burr.  From  the  top  down  to  the  bottom  of  the  canal. 

Senator  Morgan.  But  in  transforming  a  lock  canal  into  a  sea-levei 
canal  on  the  plan  proposed  it  would  be  necessary  to  take  off  this  space. 
Now,  could  that  be  done  with  the  canal  still  in  use? 

Mr.  Burr.  Oh  yes,  sir;  there  might  be  a  little  inconvenience  to 
some  ships  at  times,  but  it  would  not  be  serious. 

Senator  Morgan.  You  could  maintain  the  lock  system  through  that 
whole  affair  until,  by  sections,  you  could  replace  it  with  a  sea-level 
canal  ? 

,    Mr.  Burr.  Yes,  sir;  provided  the  locks  are  designed  for  that  pur- 
pose when  first  built. 

Senator  Morgan.  Well,  of  course. 

Mr.  Burr.  Yes.     That  is  entirely  feasible. 

Senator  Morgan.  It  is  entirely  feasible? 

Mr.  Burr.  Entirely  so. 

Senator  Kittredge.   What  would  be  the  increased  cost,  if  any? 

Mr.  Burr.  I  have  not  the  estimate  made  for  that  particular  trans- 
formation, but  the  estimated  cost  of  transformation  of  the  actual  plan 
would  be  as  1  have  given  it.  What  it  would  be  from  the  lock  plan 
which  I  have  suggested  to  a  sea-level  plan  I  can  not  state.  To  make 
a  rough  guess,  it  would  be  less  than  half  that  of  the  other  plan. 

Senator  Kittredge.  How  much  more  would  it  cost  to  construct  a 
canal  with  locks  such  as  you  have  just  now  suggested  and  then  trans- 
form it  to  a  sea-level  canal  than  it  would  to  construct  a  sea- level  canal 
in  accordance  with  your  proposition? 

Mr.  Burr.  Well,  the  principal  item  of  waste  would  be  the  six  locks. 
I  suppose  that  that  item  would  be  represented  by  about  thirty-five  to 
forty  millions  of  dollars.  Then,  the  added  cost  of  excavation  to  be 
made  under  those  circumstances  is  something  that  would  have  to  be 
determined  by  very  careful  consideration  of  all  the  circumstances; 
but  I  feel  confident  that  my  guess  of  less  than  half  of  the  cost  of  trans- 
formation by  this  process  would  be  true. 

Senator  Morgan.  That  is  chiefly  on  account  of  the  facility  of  carrj^- 
ing  off'  the  spoil. 

Mr.  Burr.  Yes;  and  then  the  waste  of  these  great  dams  and  locks 
in  the  present  lock  plan. 

Senator  Morgan.  If  you  had  a  canal  through  what  we  call  the  Culebra 
heights  in  operation,  and  you  wished  to  widen  or  transform  that  canal 
by  cutting  down  the  bank  on  either  side,  or  on  both  sides,  it  seems  to 
me  that  there  must  be  a  very  important  advantage  in  having  water 
tmnsportation  for  the  spoil  out  to  sea  on  the  canar? 

Mr.  Burr.  There  is.  There  is  no  question  about  that.  And  it  is 
quite  possible,  too,  that  our  means  for  excavating  rock  under  water 
will  be  so  improved  as  to  reduce  the  cost  of  that  part  of  the  process 
of  transformation.  We  can  not  sa}^  how  much,  but  that  is  a  reason- 
able expectation. 

My  attention  is  first  attracted  to  a  statement  by  Mr.  Stevens  on 
page  918.  On  that  page  1  observe  that  Mr.  Stevens  states  that  ''a 
very  large  ship  coula  never  be  assured  of  getting  through  a  sea-level 
canal  of  the  dunensions  reported  without  grounding,  unless  she  ran  at 
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such  speeds  as  would  practically  destroy  the  usefulness  of  the  canal^ 
for  this  reason,  that  out  of  the  49  miles  there  is  over  29  miles  that  is 
only  2()0  feet  wide,  and  you  can  see  from  the  map  that  it  is  more  or 
less  tortuous  in  direction." 

I  can  only  say  that  the  experience  in  ship  canals  all  over  the  world 
flatly  controverts  that  statement;  that  is,  it  is  contrary  to  experience 
in  such  ship  canals  as  the  Suez,  Manchester,  Kiel,  and  other  ship 
canals  of  Europe,  all  of  which  have  materially  less  prism  dimensions 
than  the  sea-level  plan  proposed. 

Senator  Drtden.  Is  the  curvature  in  these  canals  as  sharp  as  in  the 
proposed  sea-level  canal? 

Mr.  Burr.  In  some  of  them  it  is  sharper,  Senator. 

Mr.  Stevens  further  says  that  ''this  situation  would  be  accentuated 
by  the  immense  number  of  small  streams  carrying  flood  water  directly 
into  the  canal  at  the  depths  that  they  would,  from  30  to  150  or  160  feet. 
They  are  constantly  carrying  in  detritus  that  would  make  shallow  bars 
that  would  very  soon  render  the  navigation  of  such  a  canal  impracticable 
for  large  ships,  and  sooner  or  later  for  all  ships,  unless  there  were  a 
fleet  of  dredges  kept  constantly  working  from  one  end  to  the  other  to 
keep  it  oi>en." 

I  think  that  probably  Mr.  Stevens  had  not  at  that  time  an  oppor- 
tunity to  examme  the  sea-level  plan,  because  it  is  one  of  the  marked 
features  of  that  plan,  as  I  have  emphasized  over  and  over  again,  that 
no  detritus  from  any  stream  is  carried  into  the  canal — absolutely  none. 

Senator  Drydbn.  I  would  like  to  ask  one  more  Question  on  this 
point  of  curvature  before  we  leave  this  finally.  Are  tne  vessels  which 
pass  through  these  other  canals — the  European  canals  and  others  which 
you  have  referred  to — as  long  and  as  large  as  the  vessels  that  will  be 
likely  to  pass  through  this  canal  in  the  Isthmus  of  Panama? 

Mr.  Burr.  The  largest  vessels  that  I  know  of  that  are  passed 
through  those  canals  are  a  little  less  than  600  feet,  as  I  stated  earlier 
in  the  session  to-day.  They  have  repeatedly  passed  through  the  Suez 
Qmal,  which  has  a  much  smaller  prism  than  the  recommended  sea- 
level  prism  in  this  plan. 

Senator  Taliaferro.  And  practically  as  much  curvature? 

Mr.  Burr.  Practically  as  much  curvature. 

I  have  noticed  on  page  926  and  at  some  other  points  Mr.  Stevens^'s 
statement  to  this  effect:  ^^The  consulting  board,  I  understand,  was 
created  to  furnish  information  to  the  Commission  and  to  Congress. 
1  have,  however^  checked  independently  of  the  board  and  independr 
ently  of  an3^one  an  exactly  similar  proposition  " — that  is,  as  to  the  cost 
of  the  lock  plan.  And  at  some  other  points  which  1  can  not  readily 
find,  although  it  is  not  important,  the  same  statement  is  made  that  the 
matter  of  determining  the  plan  for  this  canal  was  taken  out  of  his 
hands  and  put  into  the  hands  of  the  consulting  board.  That  specific 
"Statement  is  made,  although  I  can  not  turn  to  it  just  at  this  moment. 

The  Chairman.  That  is  what  the  Consulting  Board  was  for,  was  it 
not,  Mr.  Burr? 

Mr.  Burr.  I  should  like  to  say  a  word  or  two,  and  that  is  all,  in 
behalf  of  the  Board  on  that  point.  In  the  Executive  order  of  the 
President,  dated  June  24, 1905,  this  language  Ls  used:  ''It  is  hereby 
ordered  that  a  Board  of  Consulting  Engineers,  consisting  of" — giving 
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a  list  of  the  names  of  the  members — ''shall  convene  in  the  city  of 
Washington,  at  the  rooms  of  the  Isthmian  Canal  Commission,  on  the 
1st  day  of  September,  1905,  for  the  purpose  of  considering  tne  vari- 
ous plans  proposed  to  and  by  the  Isthmian  Canal  Commission  for  the 
construction  of  a  canal  across  the  Isthmus  of  Panama  between  Cristo- 
ha\  and  La  Boca." 

I  wish  to  call  the  attention  of  the  committee  to  the  fact  that  the 
functions  of  this  Board  were  consultative  and  not  of  a  creative  char- 
acter. It  was  instructed  by  the  President  ''to  consider  the  various 
plans  proposed  to  and  by  the  Isthmian  Canal  Commission,"  and  for  no 
other  purpose. 

There  were  transmitted  to  the  Board  the  plans  of  the  Comit^  Tech- 
nique, the  plan  of  the  former  Isthmian  Canal  Commission,  plans  by 
Mr.  Bunau-Varilla,  Mr.  Bates,  and  suggestions  by  one  or  two  others, 
but  no  plan  whatever  by  the  Isthmian  Canal  Commission  itself,  although 
it  was  stated  by  the  President  that  such  plans  would  be  submitted. 

I  believe  that  I  am  not  violating  the  confidences  or  the  privacy  of 
the  Board  when  I  say  that  it  was  a  matter  of  some  embarrassment  to 
many  members  of  the  Board  to  find  itself  in  such  a  position  that  it 
was  obliged  to  act  in  a  creative  capacity  by  the  failure  of  the  Commis- 
sion to  submit  the  plans  which  the  Executive  order  said  would  be  sub- 
mitted, and  that  was  the  reason  why  we  were  obliged  to  create  plans 
as  well  as  consider  some  plans  that  were  put  before  us.  That  is  a 
chapter  in  the  history  of  tne  Board's  work  which  ought  to  be  appre- 
ciated. 

So  that  I  must  disagree  with  Mr.  Stevens  when  he  says  that  the 
function  of  creating  plans  was  taken  from  his  hands  and  put  into  the 
hands  of  the  Boara.  I  have  nothing  to  say,  of  course,  about  his  own 
functions.  I  merely  mean  to  say  that  the  Consulting  Board  was  not 
intentionallv  usurping  his  functions. 

Senator  "f  aliaferro.  Suppose  the  Canal  Commission  had  submitted 
a  plan,  practicallv  the  plan  adopted,  for  example,  hj  the  minority  of 
your  Board,  would  it  have  affected  your  Board  in  its  conclusions  in 
anv  way  ? 

Mr.  Burr.  I  do  not  think  it  would  have  affected  the  conclusions  a^ 
to  the  type  of  canal.  I  think  they  would  have  remained  unchanged. 
But  it  would  have  affected  verv  materially  much  of  our  duties,  and 
would  have  enabled  the  Consulting  Board  to  have  closed  its  work 
much  sooner. 

On  page  930  Mr.  Stevens  questions  the  accumcy  or  the  reliability  of 
the  Board's  estimate  of  cost  of  certain  diversion  channels,  including 
the  partially  constructed  Gatun  diversion,  running  from  Gatun  over 
into  the  Bay  of  Manzanillo,  behind  Colon,  and  certain  dams  across  the 
Gigante  and  the  Gigantito,  and  one  or  two  other  streams  on  the  west- 
erly side  of  the  canal,  for  the  purpose  of  backing  them  up  and  causing 
them  to  flow  over  the  divide  away  from  the  canal  into  other  streams 
which  lead  to  the  ocean,  an  item  amounting  to  three  and  a  half  millions 
of  dollars;  and  that  has  also  been  questioned  by  the  Commission. 

I  simply  wish  to  say  that  those  watersheds  were  all  accurately  sur- 
veyed by  either  the  ofd  French  company  or  the  new  French  company, 
and  their  contour  maps  are  strictly  accurate  for  the  purposes  of  such 
sul)sidiary  works  as  these  involved.     That  estimate  of  the  majority 
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was  questioned  by  the  minorit}'^  in  the  Board\s  session,  and  in  conse- 
quence of  that  a  reexamination  of  all  those  estimates  was  carefullj' 
made,  and  it  was  found  that  the  allowance,  $3,500,000,  to  which  the 
usual  20  per  cent  would  be  added,  making  $4,200,000,  was  ample  to 
cover  all  those  items. 

Senator  Kittredge.  Did  the  minority  agree  to  that  proposition? 

Mr.  Burr.  It  was  a  matter  which  did  not  come  up  for  action  in  the 
Board,  so  that  there  was  no  opportunity  for  formal  agreement,  but  I 
suppose  that  the}'  were  satisfied  at  the  time.  I  can  not  state  whether 
they  were  or  not.  Although  it  is  a  small  item,  it  was  most  care- 
fully reexamined  and  checked,  and  I  am  confident  that  it  is  ample  to 
cover  those  items. 

On  page  931  Mr.  Stevens  questions — I  will  not  say  questions,  but 
expresses  a  little  doubt  as  to  the  stability  of  the  Gamboa  Dam  across 
the  Chagres.  I  can  only  say  that  the  undoubted  and  indefinite  stability 
of  that  dam  iS  founded  upon  precisely  the  same  elements  as  the  stability 
of  any  similar  engineering  work. 

If  it  is  designed  either  as  a  masonry  dam  on  bed  rock-,  or  if  it  is  a 
^eat  earth  dam  with  the  masonry  core  carried  down  to  bed  rock,  all  as 
rei'ommended  by  the  majority  of  the  Board,  it  will  be  as  firm  and  stable 
as  one  of  the  mountains  adjoining  it,  and  an  earthquake  would  not 
affect  it.  It  will  be,  when  completed,  with  the  earth  till  on  either 
side — and  that  really  should  be  used  whichever  type  is  adopted — prac- 
tically a  mountain  across  the  valley.  There  are  much  higher  masonry 
(lams,  one  recently  completed  across  the  Croton  River  near  New  York 
for  the  water  supply  of  that  city.  There  is  not  the  slightest  Question 
of  its  stabilit}",  if  it  is  properly  designed  and  constructed,  which,  of 
course,  would  be  a  matter  m  the  hands  of  the  constructing  engineer. 

On  pages  935,  93H,  and  937,  Mr.  Stevens  again  enlarges  upon  the 
difficulties  of  getting  large  ships  through  the  sea-level  canal.  I  can 
only  state  what  I  stated  oefore,  that  the  world  experience  with  ship 
canals  is  directly  at  variance  with  his  suggested  difficulties,  even  where 
those  canals  have  a  less  prism  or  less  dimensions  than  that  of  the  pro- 
posed sea-level  canal.  There  would  be  no  difficulty  whatever  in 
getting  a  thousand-foot  ship  through  the  sea-level  canal. 

Senator  Ankeny.  No  difficulties  of  whatever  kind  due  to  curvature, 
depth  of  water,  or  anything  i 

Mr.  Burr.  There  would  be  no  difficulty  whatever. 

Senator  Ankkny.  Of  any  kind  ? 

Mr.  Burr.  Of  any  kind.' 

Senator  Axkkny.  I  thought  you  were  confining  yourself  to  the 
question  of  curvature,  or  depth,  or  something  of  that  kind. 

Mr.  Burr.  I  mean  with  the  recommended  plan  of  the  sea-level 
canal,  with  the  curvatures  and  depths  and  dimensions  there  adopted. 

Senator  Ankeny.  There  would  be  no  difficulty  with  the  greatest 
Bhips  afloat? 

Mr.  Burr.  With  the  greatest  ships  afloat.  Of  course,  the  largest 
ships  afloat  would  go  through  with  less  speed  than  the  smaller  ones. 

>>enator  Ankeny.  1  understand;  but  there  would  be  no  physical 
difficulty  whatever? 

Mr.  BuKR.  No  physical  difficulty  whatever.  That  objection  is  very 
much  like  one  which  was  made  some  time  before  the  New  York  subway 
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was  opened,  when  it  was  stated  that  the  curves  were  so  sharp  that  it 
would  be  impossible  to  get  a  train  around  them.  A  good  many  trains 
have  since  passed  without  the  slightest  trouble.  It  will  be  the  same 
way  with  tnis  canal. 

On  page  940  Mr.  Stevens  mentions  the  fact  of  doing  damage  with 
high  explosives  on  the  banks  of  the  canal;  but  as  I  have  already 
touched  upon  that,  I  will  not  repeat  what  I  have  said. 

On  page  942  Mr.  Stevens  says  in  one  place:  *' There  are  one  or  two 
dis;)repancies,  however,  in  the  majority  report  which  I  can  not  quite 
reconcile  which  must  be  taken  into  consideration."  And  then  a  little 
further  on: 

'•■Now,  frankly,  1  do  not  believe  that  the  sea-level  estimate  is  correct, 
for  several  reasons.  In  the  first  place,  while  I  am  chief  engineer  of  the 
Commission,  I  never  yet  have  satisfied  my  own  mind  or  become  satis- 
fied as  to  what  it  is  going  to  cost,  even  approximately,  to  take  out  the 
lower  40  feet  of  that  canal  through  Culebra  Cut." 

Then,  still  further  on: 

"Tne  Board  reported  that  the  cost  of  taking  out  the  material  from 
plus  10,  which  is  10  feet  above  the  sea  level,  down  to  minus  40,  which 
IS  5:)  feet  (40  feet  of  which,  as  this  profile  shows  and  as  we  all  know, 
is  rock),  $1.25  a  yard.  Well,  I  do  not  know  an j' where  in  the  world 
where  rock  has  been  ever  taken  out  under  just  those  conditions — in 
other  words,  under  as  hard  conditions  as  these  would  be.  1  have  not 
studied  up  any  plan  yet  whereby,  either  as  engineer  or  contractor.  1 
would  start  to  take  it  out.  Of  course  it  is  possible  that  that  estimate 
may  be  correct." 

I  think  that  the  chief  engineer  scarcely  gave  that  matter  sufiicient  con- 
sideration. Of  course  if  he  says  deliberately  that  he  is  unable  to 
determine  any  manner  of  taking  that  rock  out,  I  should  have  to  accept 
his  statement;  but  I  believe  that  he  is  too  good  an  engineer  really  to 
mean  that.  Rock  has  l)een  taken  out  in  this  country  and  in  other  coun- 
tries the  world  over  for,  1  was  going  to  say,  centuries;  perhaps  that 
is  a  little  extreme,  but  in  all  the  past  history  of  modern  engineering 
works,  in  precisely  those  conditions. 

There  is  at  the  present  time  in  progress  a  contract  which  I  have 
already  mentioned  m  St.  Marys  River  which  was  let  in  1904, 1  think,  to 
MacArthur  Brothers,  of  Chicago,  for  taking  out  about  2,000,000  cubic 
yards  of  rock  under  water  in  the  bottom  of  that  part  of  the  ot.  Marvs 
Kiver  channel  which  is  called  the  Upper  and  Middle  Neebish.  Tne 
water  of  the  river  was  flowing  over  it,  and  yet  they  agreed  to  take 
that  out  for  $1.36  a  yard  and  are  having  a  very  profitable  contract. 

They  did  that,  however,  by  putting  a  dam  across  the  river  at  either 
end  of  the  stretch  which  was  to  be  excavated  and  then  unwatering 
and  excavating  it  in  the  dry. 

I  was  engaged  myself,  commencing  three  or  four  years  ago,  in  con- 
nection with  a  conti-actor  in  New  York,  acting  as  his  engineer,  in  taking 
out  a  large  amount  of  rock,  mud  and  sand  under  water,  on  a  line  of 
the  subway  where  it  crosses  under  the  Harlem  River  at  a  depth  of  55 
feet  below  the  surface.  That  space  was  also  un  watered,  and  the  rock 
was  taken  out  without  the  slightest  difficulty. 

In  regard  to  the  Culebra  Cut,  as  I  have  said  before  — and  will  say  it 
a^ain  with  all  earnestness — if  one  can  clear  the  lions  out  of  the  way» 
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which  exist  in  the  imagination  of  so  many  people,  that  work  has  no 
more  real  difficulties  than  work  that  is  being  constantly  done  on  a 
large  scale  by  contractors  in  this  country  every  year.  The  Culebra 
Cut  is  a  cut  through  a  great  hill.  It  has  hard  rock  at  the  bottom  in 
large  quantities — perhaps  all  hard  rock.  It  has  softer  rock  above, 
and  clay  on  top.  It  is  simply  a  matter  of  undertaking  that  large  piece 
of  work  intelligently  and  carrying  it  through. 

The  excavation  above  plus  ten  was  put  at  80  cents  a  cubic  yard  by 
the  Board.  I  believe  that  price  is  too  high,  for  the  reasons  I  have 
already  stated,  but  I  concur  in  it  and  accept  it.  We  all  accepted  it, 
because  we  believed  it  was  better  to  overestimate  the  cost  of  this  work 
than  to  underestimate  it. 

The  rock  below  water,  to  be  taken  out  under  water,  was  put  at  $2.50 
per  cubic  yard,  which  is  far  more  than  required  anywnere  on  the 
Isthmus  or  here.  It  is  being  taken  out  in  Europe  by  Mr.  Hunter, 
who  was  a  member  of  this  Board,  at  about  70  cents  per  cubic  yard  in 
his  work,  and  it  can  be  taken  out  on  the  Isthmus  of  Panama  for 

frobably  one  dollar  to  one  dollar  and  a  half  a  cubic  5'ttrd — actual  cost, 
mean. 

The  Board  named  $1.25  per  cubic  yard  for  the  excavation  of  the 
rock  between  plus  ten  and  the  bottom  of  the  canal  for  the  reasons 
which  I  stated  yesterday..  The  rock  is  harder  at  that  depth,  the 
space  is  more  ci-amped  and  limited  for  the  use  of  tools  and  appliances, 
and  it  has  to  be  lifted  somewhat  higher,  but  it  is  a  perfectly  plain, 
straight  piece  of  excavation  of  rock  m  the  dry.  There  will  not  be  a 
yard  of  that  rock  taken  out  under  water.  In  fact  the  sea  w^ater  can 
not  get  into  the  l>ottom  of  that  Culebra  Cut  until  it  is  permitted  to 
come  in.  The  bulkhead  or  dam  at  each  end  will  keep  all  water  out — 
sea  water  or  any  surface  water.  What  little  water  comes  in  from 
springs  or  which  flows  down  from  the  rainfall  into  the  pit  will  be 
pumped  out  just  as  it  would  be  pumped  out  here. 

There  is  not  a  single  process  of  that  operation  from  beginning  to  end 
which  is  not  in  standara  and  daily  execution  by  contractors  and  engi- 
neers in  this  country — I  was  going  to  say  every  day  in  the  year,  and  I 
believe  that  that  is  not  very  far  out,  excepting  Sundays,  and  sometimes 
not  excepting  Sundays  even.  But  there  seems  to  have  been  in  some 
way  or  other  in  the  minds  of  so  many  people  an  awe-inspiring  appre- 
hension that  somehow  or  in  some  way,  or  from  some  source,  that  work 
is  surrounded  with  difficulties  indescribably  and  obscurely  dreadful, 
and  Mr.  Stevens  seems  to  be  affected  a  little  that  way.  As  a  matter  of 
fact,  that  price  of  $1.25  a  yard  was  agreed  to  by  the  entire  Board. 

I  have  forgotten  whether  the  vote  was  unanimous  or  not,  but  it  was 
a  board  price,  and  not  a  majority  price  or  a  minority  price.  It  is 
ample  to  cover  all  that  work.  Furtnermore,  there  is  not  an  item  of 
estimated  cost  of  excavation  or  masonry  either  in  the  majorit}'^  report 
or  the  minority  report  which  was  not  gone  over  with  the  most  scrupu- 
lous care;  anH  I  can  onlv  account  for  Mr.  Stevens's  statements  in 
regard  to  it  as  being  made  hurriedly,  without  the  time  to  examine 
the  data  carefully.  I  believe  those  must  have  been  the  circumstances 
under  which  he  gave  his  testimony.  I  think  that  if  he  had  had  the 
time  to  look  over  these  matters  carefully,  he  would  not  have  made 
the  statements  which  are  found  here. 
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On  page  94:3  he  mentions  the  matter  of  maintenance  and  operation, 
which  I  have  already  covered  in  detail,  and  which,  therefore,  I  will 
not  repeat.  He,  in  my  judgm^t,  makes  the  same  error  that  the 
minority  commits  in  dealing  with  that  feature  of  the  Question. 

On  page  945  he  speaks  of  the  effect  on  the  canal  if  tne  Gamboa  dam 
should  be  carried  out.  You  might  just  as  well  spend  time  discussing 
the  effect  which  would  result  if  an  earthquake  should  shake  together 
the  two  sides  of  the  Culebra  cut,  after  the  canal  is  completed  on  either 
plan.  The  stability  of  a  simple  work  of  that  sort  is  assured  l;eyoiid 
all  question  at  the  present  time. 

On  pages  956  and  957  Mr.  Stevens  makes  reference  to  what  was 
found  in  the  borings  shown  on  that  blueprint  plan  before  you,  and 
there  again  I  think  that  he  would  have  modified  his  statement  if  he 
had  had  time  to  consider  it.  I  feel  sure  tliaj  some  of  the  statements 
made  here  are  due  to  inadvertence,  because  they  are  directly  at  vari- 
ance with  what  was  actually  found  in  those  borings.  He  states  at  one 
point,  for  instance,  that  ''the  result  showed  that  something  like  200 
feet  overlying  the  rock — the  so-called  'indurated  clay' — there  was  a 
blanket  of  clay,  with  a  small  mixture  of  very  tine  sand,  and  that  no 
permeable  material — that  is,  material  tliat  would  carry  water — was 
found  for  a  depth  of  about  200  feet.'' 

I  pointed  out  yesterday,  and  it  can  be  seen  from  that  blueprint 
plan,  that  from  depths  of  32  feet  down  to  over  2(H)  feet  the  water- 
bearing material,  and  of  course  permeable  material,  consisting  of  sand 
and  gravel  and  sometimes  a  mixture  of  sand  and  cla3%  were  found  at 
various  depths.  In  other  words,  permeable  water-bearing  material 
was  practically  found  all  the  way  down  from  about  32  feet  below  the 
sea  level  to  nearly  250  feet.  1  feel  confident  that  these  statements 
were  due  to  inadvertence  on  the  part  of  Mr.  Stevens,  but  still  I  think 
that  I  ought  to  call  attention  to  them. 

Mr.  Stevens,  on  pages  959  and  tHJO  and  at  some  other  points,  speaks 
of  the  greatly  increased  pernieability  of  material  at  the  Hohio  site  over 
that  at  Gatun,  and  that  there  was  no  permeable  material  at  Gatun. 
Now,  that  is  partially  in  accordance  with  the  facts — that  there  is  more 

f)ermeable  material  at  Hohio  than  at  (latun;  hnt  at  Gatun  there  is  a 
arge  amount  of  permeuble  material  also,  aji  is  shown  by  that  blue- 
print plan  which  you  have  before  you. 

One  point  made  by  Mr.  Stevens,  on  page  900,  is  so  admirable  that  I 
do  not  wish  to  lose  the  opportunity  of  concurring  with  him.  In 
answering  a  question  as  to  the  construction  of  a  dam  at  Bohio,  he  says: 
"  I  should  certainly  want  to  cut  off  som;»  of  that  How  of  water  that 
might  possibly  occur  through  the  subaqueous  foundation."  And  he 
mentions  in  other  places — one  or  two  other  places — that  the  under- 
water seepage  should  be  cut  off.  I  think  that  lie  is  absolutely  right  in 
that,  and  I  am  ver\'  glad  to  register  my  full  concurrence  with  him; 
but,  unfortunately,  the  proposed  Gatun  dam  for  the  lock  plan  is  based 
upon  a  directly  opposite  view  of  that  question —that  it  is  not  necessary 
to  cut  off'  the  underflow. 

On  page  961  Mr.  Stevens  states  that  the  deepest  boring  was  204 
feet;  but  we  have  already  observed  that  it  was  258  feet.  I  presume 
that  that  was  also  an  inadvertence. 

In  the  vicinity  of  page  964  he  also  speaks  of  the  foundation  of  the 
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dams  at  the  Panama  end  to  the  canal,  with  reference  to  which  I  have 
alread}'  expressed  my  judgment  so  fully  that  nothing  further  will  be 
said  about  that. 

On  page  977  he  expresses  himself  in  reference  to  the  time  of  passage 
of  a  ship  through  these  two  types  of  canals.  He  says  :  '*  I  think  the 
passage  through  a  lock  canal  will  be  safer."  And  he  also  states,  in 
some  place  that  I  can  not  directly  turn  to,  that  it  is  also  quicker. 

In  answer  to  a  question  he  expressed  his  preference  for  a  lock  canal, 
even  if  a  sea-level  canal  could  be  built  at  the  same  cost  and  in  the  same 
time.  He  said  even  then  he  woiild  prefer  a  lock  canal.  Here  it  is. 
He  says,  in  answering  a  question:  '^Because  I  think  that  the  passage 
of  ships  would  be  quicker.  I  think  the  cost  of  operation  would  be  no 
more — if  more,  very  little — in  case  of  a  lock  canal.  I  think  the  cost 
of  maintenance  of  a  lock  canal  would  be  very  much  less.  I  think  the 
passage  through  a  lock  canal  will  be  safer.  I  think,  in  case  future 
developments '^ihould  require  enlargement,  the.  lock  canal  can  be  made 
of  much  larger  capacity  ver\^  much  more  quickly  and  cheaply  than  the 
sea-level  canal." 

In  estimating  the  time  of  passage  for  a  ship,  he  leaves  out  of  account 
entirely,  as  the  minority  does  also,  the  delays  that  would  occur  at  the 
terminals  in  case  a  number  of  ships  should  be  there  at  the  same  time; 
and  he  also  omits  consideration  of  all  contingencies  and  exigencies 
which  are  likely  to  occur  in  connection  with  the  operation  of  machinery 
and  appliances  to  which  1  have  already  made  such  full  reference. 

How  anyone  can  consider  the  passage  of  a  ship  through  these  locks, 
lifting  them  up  to  great  heights  and  down  aeain,  as  being  safer  than 
in  straight  sailing  through  a  sea-level  canal,  is  beyond  my  compre- 
hension. 1  confess  that  I  am  not  prepared  to  enter  into  any  detailed 
argument  on  that  question. 

Senator  Taliaferro.  Would  not  that  include  the  question  of  speed 
ako — the  time  as  well  as  the  safety  i 

Mr.  Burr.  The  time  of  passage  involves  the  question  of  speed.  It 
is  true  that  over  a  short  portion  of  the  lake  navigation  there  would  be 
stretches  where  a  ship  could  steam  at  a  higher  rate  of  speed  than  on  the 
sea-level  canal  proposed.  But  even  the  minority  does  not  advocate  an 
increased  speea  of  more  than  about  2  miles  per  hour,  as  1  understand 
their  position,  and  that  is  far  more  than  made  up  by  the  delay  at  the 
locks.  In  fact,  as  I  have  already  stated  in  the  earlier  part  of  this 
session,  there  is  not  any  way  in  which  a  recognition  of  the  actual  cir- 
cumstances of  navigation  of  a  ship  canal  can  make  the  passage,  month 
in  and  month  out — and  that  is  what  vou  have  to  count  on  in  the  long 
run— by  ships  in  a. lock  canal  much  less  than  double  the  time  it  would 
take  to  go  through  a  sea-level  canal,  taking  into  account  the  delays 
from  all  sources  and  the  repairs. 

Senator  Taliaferro.  Taking  into  account  the  ideal  conditions,  is  it 
not  your  judgment  that  a  ship  would  go  through  a  sea-level  canal  in 
much  less  time  than  through  a  lock  canal  with  tive  or  six  locks? 

Mr.  Burr.  I  do  think  so;  I  think  so  without  question,  unqualifiedly. 

Senator  Dryden.  Is  it  not  claimed  that  the  length  to  which  the  ves- 
sels can  go  unobstructedl}'^  on  this  lake  is  about  U)  miles  of  the  pro- 
posed lock  canal  i 

Mr.  Burr.  1  have  forgotten  as  to  that,  Senator  Dryden;  but  there 
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is  not  that  length  of  line  which  I  believe  would  he  considered  safe 
enough  for  that  kind  of  navigation.  You  were  not  present  when  I 
spoke  of  the  dangers  of  submerged  channels. 

Senator  Dryden.  No. 

Mr.  Burr.  A  very  long  stretch  of  which  is  found  in  this  lake;  but 
there,  in  that  feature,  is  found  the  restraining  influence  as  to  speed. 
The  passage  through  submerged  banks  is  one  which  isalwa3's  involved 
in  some  risk,  and  sometimes  very  serious  risk.  Conseciuently  a  sub- 
merged channel  must  be  far  wider,  perhaps  twice  as  wiae  or  more,  to 
give  the  same  safety  to  navigation  as  a  cnannel  bett^een  banks  which 
are  visible,  and  there  is  where  much  of  the  advantage  of  lake  naviga- 
tion will  be  lost. 

1  have  but  one  thing  more  to  state,  and  that  is  a  very  short  and 
small  one: 

It  has  been  stated,  and  is  stated  in  the  minority  report,  that  the 
computed  seepage  under  the  Gatun  dam  can  never  exceed  about  10 
cubic  feet  per  second  (I  think  that  is  the  value,  but  I  shall  correct  it  if 
it  is  not;  I  think  that  is  correct,  however),  and  it  is  said  that  that  is 
too  small  a  matter  to  be  the  cause  of  any  apprehension. 

I  have  been  somewhat  familiar  with  the  computation  of  the  flow  of 
water  through  sand  for  filtration  and  similar  purposes  for  a  consider- 
able period  of  3^ears.  The  whole  subject  has  been  reduced  to  exact 
analysis  within  the  past  twelve  or  fourteen  years  only;  and  those 
computations  are  based  upon  the  ideal  conditions  of  regulated  and 
rigidly  determined  sand  in  a  laboratory.  There  is  a  uniform,  per- 
fectly uniform,  texture  of  the  sand,  so  to  speak,  in  those  small  lab- 
oratory experiments,  the  results  of  which  are  the  basis  for  this 
computation. 

No  such  conditions  exist  in  a  great  geological  profile  as  those  which 
are  assumed  in  these  small  laboratory  experiments.  It  is  a  purely  the- 
oretical computation,  originally  made  by  the  late  George  S.  Morison 
in  connection  with  the  Bonio  dkm,  and  the  results  of  such  purely  the- 
oretical computations  upon  assumed  conditions  radically  difi"erent 
from  those  found  at  the  actual  site  are  not  worthy  of  very  serious 
consideration.  They  are  certainly  not  of  sufficient  reliability  and  are 
not  sufficiently  well  founded  to  justify  the  grave  hazards  which  are 
involved  in  that  kind  of  construction.  They  are  applicable,  and  ordi- 
narily made  applicable  only,  to  such  artificial  constructions  as  filter 
beds  used  in  connection  with  public  water  supplies,  where  the  whole 
plant  is  put  in  place  in  the  moi^t  careful  manner  so  as  to  secure  the 
conditions  whicn  belong  to  the  computations.  Then  the  results  of 
those  computations  are  correct.  But  to  apply  them  to  a  geological 
profile  like  that  shown  on  that  blusprint,  with  wide  and  violent  changes 
of  texture  of  material  in  the  spice  of  a  few  feet,  is  to  u-^e  them  in 
such  a  way  as  to  vitiate  the  value  of  the  results. 

Gentlemen,  that  is  all  that  I  have  to  say,  unless  there  are  more 
questions  to  answer.  After  the  most  careful  study  of  this  question, 
and  with  a  perfectly  open  mind,  during  the  past  six  years,  I  am  con- 
vinced that  the  sea-level  canal  will  most  full}'  meet  the  requirement** 
of  this  great  waterway,  and  that  it  is  the  only  type  of  construction 
which  this  Government  should  undertake.  I  believe  that  even  if  a 
lock  plan  should  now  be  adopted,  and  if  work  should  be  begun  on  it, 
the  completion  of  the  work  would  find  it  a  sea-level  canal. 
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The  Chaibmax.  Gentlemen,  do  any  of  you  desire  to  ask  Mr.  Burr 
any  further  questions?  If  not,  Mr.  Burr,  we  certainly  appreciate 
your  presence  here,  and  thank  you  very  much  for  coming. 

(The  committee  thereupon  adjourned  until  to-morrow,  Saturday, 
March  10,  1906,  at  10.30  o'clock  a.  m.) 


Supplementary  written  statemejit  of  Williain  H,  Burr^  esq. 

280  Broadway,  New  York,  March  29,  1906, 

Dear  Sir:  On  reading  over  my  testimony,  given  before  your  com- 
mittee, 1  find  a  few  points  on  which  I  should  like  the  privilege  of 
extending  the  observations  which  I  have  already  made,  if  such  a  privi- 
lege is  consistent  with  the  j)rocedures  of  your  committee. 

In  my  testimony  concerning  the  proposed  Gamboa  dam,  whether  it 
be  made  of  all  concrete  masonry  or  of  a  heavy  concrete  masonfy  core 
in  a  great  earth  embankment,  the  height  of  such  masonry  from  bed 
rock  50  feet  below  the  bed  of  the  river  to  the  highest  water  surface  of 
the  lake  would  be  170  feet,  in  any  event  the  construction  of  this  dam 
involves  no  procedure  other  than  that  which  has  commonly  been  used 
heretofore. 

Nor  is  this  total  height  of  masonry  nearly  as  great  as  is  found  in 
some  existing  masonry  dams.  One  instance  only  need  be  cited  in  this 
connection.  The  masonry  dam  recently  completed  at  the  new  Croton 
reservoir  of  the  water-supply  system  of  the  city  of  New  York  has  a 
total  maximum  height  from  the  bed  rock  on  which  it  stands  to  the 
highest  water  surface  of  241  feet.  This  height  is  71  feet  in  excess  of 
that  proposed  at  Gamboa. 

In  discussing  the  relative  costs  of  the  sea-level  and  lock  type  of 
canal  I  did  not  give  the  interest  charges  during  construction  because 
it  is  such  a  simple  and  ordinary  procedure;  but  I  should  perhaps  have 
stated  that  any  computation  of  interest  charges  for  a  period  of  con- 
struction of  t&e  sea-level  canal  longer  than  twelve  or  thirteen  years  is 
without  any  real  foundation. 

As  has  been  shown,  and  as  is  indicated  in  the  majority  report,  the 
simple  character  of  work — i.  e. ,  excavation  and  transportation — required 
in  the  coustruction  of  that  plan  will  enable  the  estimated  time  of 
completion  to  be  shortened  rather  than  lengthened,  whereas  in  the 
lock  plan  the  complicated  character  of  the  construction  of  the  six 
locks  and  other  masonry  works  would  be  likel}^  to  extend  the  time 
required  for  construction  beyond  that  estimated.' 

In  reading  tesjbimony  given  subsequent  to  mine  I  find  some  of  my 
observations  relating  to  the  transformation  of  a  lock  canal  to  a  sea- 
level  canal  misunderstood.  I  stated  that  it  was  the  opinion  of  the 
board,  both  majority  and  minority,  that  if  the  recommended  lock  plan 
should  be  adopted  the  cost  and  time  required  for  the  transformation  of 
that  particular  lock  canal  to  a  sea-level  canal  would  be  so  great  as 
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f>ractically  to  preclude  the  procedure  for  an  indefinite  future  period. 
n  other  words,  the  difficulties  and  cost  of  that  particular  transforma- 
tion would  be  so  great  as  to  malice  it  practically  not  feasible. 

I  stated  specifically  that  the  best  lock  plan,  in  view  of  future  trans- 
formation to  a  sea-level  plan,  would  be  found  by  carrying  the  sea-level 
PDrtion  on  the  Caribbean  end  nearly  or  quite  to  Obispo,  and  on  the 
aciticendto  Miraflores,  with  the  lock  portion  between  these  two  points. 
That  plan  would  be  far  more  easil}'^  transformable  to  a  sea-level  plan 
than  that  recommended,  and  the  operation  of  tmnsformation  would 
involve  a  minimum  of  waste.  For  the  reasons  extensively  given  in 
the  majority'  report  and  in  the  testimony,  1  believe,  however,  that  it 
would  be  far  better  in  every  way  to  construct  the  sea-level  plan  at 
once. 

My  testimony  regarding  the  silting  of  the  channel  of  the  lock  plan 
in  the  upper  reaches  of  (latun  Lake  between  Tavernilla  and  Obispo 
has  been  questioned.  The  concentration  of  the  current  in  such  a 
submerged  channel  as  that  between  Alhaiuela  and  Tavernilla,  with 
such  depths  of  water  over  the  original  banks  as  would  exist  in  Gatun 
Lake,  is  precisely  what  is  observed  with  any  submerged  river  bottom 
similarly  flooded  in  this  countr3\    It  is  a  common  hydraulic  observation. 

The  assumption  that  the  water  moves  uniformly  across  such  a  sub- 
merged valley  and  its  use  in  computations  of  velocity  of  water  under 
such  conditions  indicates  a  gross  lack  of  familiarity  with  this  particular 
class  of  river  hydraulics,  as  it  is  directly  at  variance  with  the  results 
of  natural  observation.  The  first  Isthmian  Canal  Commission  of 
181J9-1901  recognized  the  inevitable  silting  of  this  submerged  channel 
with  precisely  the  same  elevation  of  water  surface,  and  stated  on  page 
63  of  its  report  that  a  velocity  of  5  feet  per  second  might  be  reached 
during  floods  in  the  narrowest  part  of  the  lake. 

The  streams  located  between  Gamboa  and  Bohio,  draining  a  terri- 
tor}'  from  100  to  150  square  miles,  and  for  which  provision  has  not 
been  made  for  taking  their  waters  entirely  away  from  the  canal  prism, 
are  all  so  small  that  it  is  difficult  to  make  any  definite  estimate  of  even 
their  flood  discharges.  This  amount  has  been  estimated  by  the  minor- 
ity as  high  as  29,000  cubic  feet  per  second  by  taking  it  at  one-fifth  of 
the  supposed  discharge  of  the  great  flood  of  1879.  It  should  be  borne 
in  mind  at  the  outset  that  there  is  not  onh-  no  record  of  any  such  flood 
volume  as  140,000  cubic  feet  per  second  at  Bohio,  but  there  is  no  relia- 
ble estimate  of  such  a  flood. 

The  most  reasonable  estimate  from  indirect  evidence  is  that  of  Gen- 
eml  Abbott  of  only  112,000  cubic  feet  per  second,  which  would  make 
the  maxinmm  estimated  flood  flow  of  the  small  streams  in  question,  if 
all  were  in  flood  concurrently,  22,000  cubic  feet  instead  of  29,000. 
This  freshet  flow  of  a  large  number  of  very  small  streams  is,  however, 
a  diflfused  flow  from  a  drainage  area  a  large  portion  of  which  is  of  such 
a  character  as  to  prevent  a  quick  discharge.  Furthermore,  the  dif- 
fusion of  a  flood  flow  into  a  great  number  of  small  streams,  most  of 
them  so  small  as  to  be  dry  in  the  dry  season,  will  practicallj'  destroy 
the  eroding  power  of  any  floods  that  may  occur  in  them,  thus  reducing 
to  almost  insignificant  volume  the  silt  brought  down  by  them  in  com- 
parison with  the  erosion  which  would  be  produced  by  concentrating 
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the  total  discharge  into  two  or  three  streams  of  greater  magnitude. 
The  sedimentation  basins,  therefore,  provided  in  the  sea-level  plan 
between  Gamboa  and  Bohio,  are  abundantly  ample  to  receive  and 
retain  practically  all  the  silt  brought  down  by  the  rivulets  in  question. 

In  my  testimony  I  cited  the  case  of  the  flow  of  water  from  a  small 
underground  channel  at  a  depth  of  about  126  feet  below  the  river  sur- 
face above  it  through  a  boring  made  in  the  Hudson  River  near  New 
Hamburg,  N.  Y.,  in  the  course  of  investigations  for  the  additional  water 
supply  of  New  York  City.  As  it  was  mtimated  in  subsequent  testi- 
mony that  this  flow  was  found  in  a  boring  through  rock,  it  is  well  to 
state  the  fact  that  this  water  was  found  beneath  a  thick  bed  of  clear 
clay  a  few  feet  above  the  bed  rock.  The  water  as  it  flowed  up  through 
the  boring  pipe  made  a  fountain  or  jet  with  the  water  rising  15  or  20 
feet  above  the  river  surface.  It  was  a  clear  case  of  a  small  under- 
ground flow  under  pressure  between  two  strata  of  diflferent  quality  or 
texture. 

In  case  of  more  or  less  permeable  strata  of  varying  qualitj^  over- 
lying e^ch  other,  a  comparatively  large  amount  of  seepage  or  flow  is 
liable  to  take  place  along  surfaces  of  separation  where  the  texture 
changes  from  one  quality  to  another.  This  is  so  well  recognized  in 
the  making  of  artihcial  filter  beds  for  public  water  supplies  that  the 
greatest  care  is  taken  to  avoid  any  sudden  change  of  texture  at  any 
point  in  the  filtering  mass,  because  it  has  been  observed  that  the  water 
IS  almost  certain  to  find  its  way  in  small  thin  channels  wherever  such 
a  break  or  sudden  change  of  texture  occurs.  The  formula?  for  the 
computation  of  flow  through  clear  selected  sand  neglects  absolutely 
any  such  feature  as  this  change  of  texture  where  the  freest  flow  takes 
place,  and  thev  are  consequently  entirely  inapplicable  to  such  condi- 
tions. As  sucti  conditions  are  freely  found  in  the  subsurface  material 
at  the  Gatun  dam  site,  as  disclosed  by  the  borings,  it  is  obvious  that 
any  computations  of  the  volume  of  seepage  based  upon  neglect  of  the 
conditions  found  there  aiding  the  flow  must  be  wholly  erroneous. 

Much  has  been  made  in  the  minority  report  and  elsewhere  of  the 
alleged  necessity  for  tying  up  ships  in  order  to  pass  each  other  when 
meeting  in  a  sea-level  canal  of  the  dimensions  recommended  by  the 
majority.  It  is  to  be  remembered,  as  stated  in  my  answer  to  one  of 
Senator  Morgan's  questions,  that  the  entire  sea- level  prism,  as  recom- 
mended, is  a  continuous  passing  place  for  ships.  That  part  of  the 
prism  which  has  a  bottom  width  of  150  feet  is  everywhere  wider  than 
the  passing  places  in  the  Suez  Canal,  which  have  a  bottom  width  of 
147  feet  6  inches.  In  the  8  miles  through  the  Culebra  Cut  the  bottom 
width  is  200  feet,  with  sides  pmctically  vertical,  affording  a  much 
increased  width  of  channel  for  passing  purposes.  Under  these  condi- 
tions few,  if  any,  ships  short  of  550  feet  m  length  and  55  to  60  feet 
beam  would  have  to  oe  tied  up  to  pass  each  other  anywhere  in  the 
<.«nal.  Ships  nearlv  or  quite  up  to  those  dimensions  would  pass  each 
other  by  slowing  their  speed  and  still  smaller  ships  at  their  regular 
speed. 

As  the  great  bulk  of  canal  traffic  will  be  carried  in  vessels  of  less 
tonnage  than  those  cited  above  for  probably  a  considerable  number  of 
years,  it  will  readily  be  seen  that  there  can  exist  but  little  delay  to 
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any  part  of  the  canal  traffic  due  to  the  tying  up  of  the  largest  ships. 
Any  time  of  passage  of  a  ship  through  the  sea-level  canal,  therefore, 
computed  on  the  assumption  that  ships  must  always  or  generallN'^  be  tied 
up  whenever  they  meet  and  pass,  as  is  done  in  the  minority  report,  will 
give  results  entirely  erroneous.  As  a  matter  of  fact,  as  is  demonstrated 
by  traffic  upon  existing  maritime  canals  in  Europe,  such  as  the  Man- 
chester and  the  Suez,  the  majority  of  vessels  secKinff  the  canal,  i.  e., 
except  those  of  the  largest  dimensions,  may  pass  each  other,  either  at 
speed  or  by  slowing  up,  but  without  tying  up  at  meeting  places  or 
anywhere  else. 

it  has  been  suggested  in  the  minority  report  and  in  the  testimony 
before  the  Senate  committee,  that  in  the  lock  plan  its  capacity  might 
be  increased  or  that  facility  of  passage  through  it  might  be  enhanced 
by  fleet  lockages,  i.  e.,  by  taking  two  or  more  vessels  of  suitable  size 
into  one  lock.  While  it  is  true  that  the  matter  of  fleet  lockage  may 
be  advantageously  resorted  to  when  a  single  lock  only  exists,  as  at  the 
Soo,  the  time  of  lockage  even  there  is  greatly  extended  by  the  time 
required  to  properly  place  the  two  or  more  vessels  brought  into  the 
locK  at  the  same  time  with  suflScient  closeness  without  injuring  each 
other,  either  when  brought  in  or  during  the  emptying  or  filling  of  locks. 

When,  on  the  other  hand,  there  is  a  series  of  locks  of  either  two  or 
three  in  flight,  the  operation  of  moving  a  number  of  ships  from  one 
lock  into  the  next  one  below  or  above  must  be  made  with  extreme 
caution  and  very  slowly,  in  consequence  of  the  increased  danger  of 
injuring  both  ships  and  gates.  No  reliable  computations  can  be  made 
as  to  the  greatly  extended  time  required  to  pass  the  triple  locks  in 
flight  at  Gatun  or  the  double  locks  in  flight  at  Sosa  Hill  in  case  it 
should  be  considered  prudent  to  attempt  fleet  lockages,  as  it  would 
depend  upon  the  number  and  size  of  ships  admitted  into  a  lock.  The 
requisite  time,  however,  would  be  extended  much  more  than  in  pro- 
portion to  the  number  of  ships  being  locked,  as  would  also  the  danger 
with  which  both  vessels  and  structure  would  be  threatened.  Indeed, 
it  would  become  a  grave  question  whether  this  system  of  lockage 
could  be  permitted  for  any  vessels  whatever  in  such  a  flight  of  locks, 
except  possibly  for  those  of  the  smallest  tonnage. 

In  connection  with  my  testimony  concerning  the  advisability  of 
shutting  off  underground  seepage  through  porous  stmta  under  an 
earth  dam,  I  would  like  to  mention  the  fact  that  the  Charles  River 
•dam  now  being  \1m\t  at  Boston  is  an  earth  dam.  The  maximum 
unbalanced  head  of  water  which  it  will  have  to  retain  is  that  due  to 
the  tidal  range  only  in  Boston  Harbor.  The  plans  for  that  structure, 
which  I  have  before  me  as  I  write,  show  that  a  line  of  close  sheet  pil- 
ing, called  a  shut-otf  dam,  is  driven  along  that  part  of  it  resting  on 
substrata  of  sand  and  gmvel,  so  as  to  preclude  any  possibility  of  seep- 
age under  the  dam  itself.  Mr.  F.  P.  Stearns,  a  member  of  the  minor- 
ity of  the  (>)nsulting  Board,  is  the  consulting  engineer  for  this  con- 
striction. 

The  general  principle  recognized  in  placing  this  sheet  piling  sub- 
surface cut-off  in  the  Charles  River  dam  is  that  which  almost  or  quite 
universally  governs  the  construction  of  great  earth  dams  at  the  pres- 
ent time,  by  either  placing  them  upon  absolutely  impervious  material 
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or  carrying  a  curtain  construction  of  some  kind,  such  as  a  masonry 
core,  a  clay  core,  a  line  of  close  sheet  piling,  or  some  other  device  of 
that  character,  down  through  the  permeable  strata  to  bed  rock  or  its 
equivalent,  so  that  all  subsurface  seepage  or  underflow  can  be  effec- 
tivel}'  prevented. 
I  trust  this  letter  can  be  admitted  as  a  part  of  my  testimony. 
Very  respectfuUv, 

Wm.  H.  Burr. 
Hon.  J.  H.  Millard, 

Chairman  Committet  ati  Interoceanic  Canals^ 

United  Staten  Senate, 


STATEMENT  OF  LINDON  W.  BATES 

BEFOKE  THE  COMMITTEE  ON  INTEROCEANIC  CANALS, 
UNITED  STATES  SENATE. 


ISTHMIAN  CANAL. 


Q)MMITTBE  ON   InTBROCEANIC   CaNALS, 

United  States  Senate, 
Washington^  D,  (7.,  Saturday,  March  10, 1906. 
The  committee  met  at  10.30  o'clock  a.  m. 

Present:  Senators  Millard  (chairman),  Kittredge,  Dry  den,  Hop- 
kins, Knox,  Ankeny,  Morgan,  and  Taliaferro. 

STATEMENT  OF  LINDON  W.  BATES. 

The  Chairman.  Mr.  Bates,  state  your  full  name,  residence,  and 
occupation,  please. 

Mr.  Bates.  Lindon  W.  Bates;  residence,  New  York;  occupation, 
civil  engineer  and  contractor. 

The  Chairman.  I  understand  that  you  are  ready  to  proceed,  and 
I  believe  that  you  have  your  statement  prepared,  so  that  we  will  en- 
deavor to  let  you  go  along  without  interruption  until  j^ou  have  com- 
pleted your  statement. 

Mr.  Sates.  I  would  say,  Mr.  Chairman  and  gentlemen  of  the  com- 
mittee, that  I  have  this  morning  things  to  say  to  you  which  are  quite 
different  from  anything  that  you  have  so  far  listened  to,  I  believe. 
I  want  to  say  at  the  outeet  that  I  have  criticised  things,  and  not  men ; 
official  acts,  and  not  individuals. 

I  was  bom  in  1858,  and  am  47  years  old ;  was  educated  in  the  Cen- 
tral High  School  in  Chicago  and  the  Sheffield  Scientific  School  at 
Yale.  The  speaker  began  work  in  1877  with  the  Chicago,  Burling- 
ton and  Quincy,  but  after  a  few  months  went  to  the  Pacific  coast, 
where  he  served  as  engineer  with  the  location  and  construction  forces 
of  the  Northern  Pacific,  Oregon  Pacific,  and  Oregon  Railwa}'^  and 
Navigation  companies.  Presently  he  entered  business  independently 
as  a  contractor,  and  executed  constructions  in  Oregon,  Washington, 
and  other  parts  of  the  West.  At  Kansas  City,  in  1885,  he  changed 
the  mechanism  of  a  new  dredge  that  had  failj^d,  a^d  executed  the 
reclamation  of  the  Kaw,  where  the  stock  yards  now  stand. 

Next,  he  built  a  larger  machine,  which  was  destined  for  lower  Cali- 
fornia, but  which  was  taken  instead  to  a  contract  on  Puget  Sound. 
There  he  reclaimed  the  land  for  the  Northern  Pacific  ternunals,  dam- 
ming the  Puyallup  River  there.  The  Puyallup  dam  was  the  first  one 
ever  made  with  a  nydraulic  dredge;  the  year  was  1888.  At  Portland, 
Oreg.,  he  filled  from  the  Willamette  the  terminals  for  the  three 
Pacific  railways  centering  there.  These  included  a  raised  dike  across 
Guilds  Lake  to  carry  the  main  line  of  the  Northern  Pacific,  which  was 
the  second  damlike  embankment  to  be  made  with  a  hydraulic  dredge. 
EW  o  I  o— 06 ^16  235 
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By  this  time,  1802,  he  believed  that  the  best  elements  had  been 
worked  out,  one  by  one,  from  experience  and  experiment,  for  the  most 
successful  type  of  dredge.  He  went  to  Chicago  and  contracted  in 
1893  on  sections  A  and  B  of  the  drana^e  canal,  building  for  use 
there  two  small  hydraulic  dredges  on  new  lines. 

A  member  of  the  board  of  consulting  engineers,  in  recommending 
this  type  of  plant,  states,  regarding  these  two  pioneer  machines  (p. 
405) : 

"  You  will  note  that  in  several  instances  I  suggest  hydraulic  dred^ 
for  removing  material  overlying  rock.  This  is  in  accordance  with 
mv  experience  on  sections  A  and  B  of  the  sanitary  district  of  Chicago, 
where  we  used  two  hydraulic  dredges,"  etc. ;  and,  again,  "  employed 
in  the  construction  of  some  important  dams  in  the  western  part  of  the 
United  States." 

It  is  of  import  that  the  experience  here  cited  is  that  upon  which 
some  hydraulic-dredge  possibilities  are  recorded.  It  considers  two 
of  the  writer's  pioneer  machines  of  1893  of  300  horsepower. 

On  page  69  of  the  minority  report  is  given  theprocess  for  construct- 
ing the  huge  dam  of  21,000,000  cubic  yards.  This  dam  is  the  heart 
of  the  minority's  design — one  of  the  two  central  elements  by  which  its 
canal  must  stand  or  fall. 

The  process  reads  (p.  69 1 : 

"  The  lower  part  oi  the  aam  up  to  elevation  50,  or  even  to  elevation 
80,  is  to  be  made  from  material  dredged  from  the  canal  between  the 
Gatun  locks  and  Limon  Bay,  pumped  by  a  suction  dredge  into  the 
dam,"  etc. 

This  system  received  from  the  chief  engineer  of  the  canal  full 
indorsement.  His  examination  before  your  Dody  reads  (p.  900,  Sen- 
ate committee's  report) : 

"  The  construction  that  is  proposed  for  that  [dam]  is  not  to  pile 
that  dirt  in  there  largely  from  railroad  trains,  but  to  take  it  from  the 
mass  that  is  excavated  here  by  dredges,  bring  it  up  to  that  point,  and 
pump  it  with  hydraulic  pumps  from  the  barges  or  drop  it  into  a 
basin  and  pump  it  from  there  into  the  dam." 

The  speaker,  since  this  date  of  1893,  has  devised  and  constructed 
hydrauhc  excavators  up  to  5,000  horsepower.  Yet  these,  his  very 
latest  machines,  the  most  powerful  dredges  ever  attempted  in  the 
world,  could  not  perform  the  task  set  them  here  by  the  minority. 
How  and  why  he  will  presently  show.    He  reverts  now  to  the  history. 

In  1894  he  was  invited,  among  several  others,  by  the  Mississippi 
Commission  to  submit  designs  for  a  dredge  for  the  mechanical  re- 
moval of  the  bars,  which  $36,000,000  sunk  m  training  walls,  etcv>  had 
failed  to  remedy.  The  proposals  were  to  be  competitive.  The  ma- 
chine must  deliver  1,600  cubic  yards  per  hour — ^three  times  what  had 
ever  been  done  before.  A  premium  was  promised  of  half  the  cost 
if  this  output  could  be  raised  50  per  cent.  He  built  the  Beta^  which 
delivered  over  5,000  cubic  yards  an  hour,  and  was  awarded  the  full 
premium  of  $87,000.  That  output  has  never  since  been  reached  in 
America.  The  art  has  remained  here  stationary — exactly  where  it 
stood  eleven  years  ago. 

The  Beta^s  record,  800  per  cent  above  the  nearest  second,  revealed 
to  him  that  a  new  era  was  about  to  open  in  the  science  of  waterway 
improvement.    He  felt  that  he  could  construct  the  first  requisite — 
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the  tool.     He  believed  that  Europe  afforded  a  wider  field  of  oppor- 
tunity, and  he  went  abroad  in  the  summer  of  1896. 

BELGIUM. 

In  the  autumn  there  were  arranged  for  him  joint  conferences  with 
premier  and  minister  of  public  works  of  Belgium.  There  was  under 
consideration  there  the  largest  national  public  work  then  contem- 
plated in  Europe — the  Grande  Coupure  of  the  Scheldt  below  Antwerp. 
General  Brialmont,  Sir  John  Hawkshaw,  Maas,  Stoessel,  and  others 
had  already  made  designs  for  it.  The  speaker  stated  to  the  minister 
that  time  and  cost  could  both  be  materially  reduced  by  new  methods. 
He  was  invited  to  prepare  and  submit  a  plan  as  the  city  of  Antwerp 
and  the  central  Government  had  quite  different  views.  In  due  course 
this  was  submitted.  He  then  learned  a  fact  of  which  he  was  unaware, 
that  some  time  before  the  ministry  had  privately  requested  a  design 
for  this  great  work  from  Oberbaurath  Ludwig  Franzius,  of  Germany. 

The  Oberbaurath  was  the  father  of  that  monumental  triumph  m 
engineering — the  Weser  River  regulation.  He  was  conceded  to  be  the 
greatest  living  hydraulic  and  harbor  engineer.  The  Bates  project 
was  sent  to  him  by  the  minister  for  a  report.  Its  general  points  were 
found  to  be  identical  with  the  German's.  But  there  were  certain  im- 
portant differences  in  adjustments,  alignments,  and  methods  of  econo- 
mizing costs,  which  the  new  tool  for  the  first  time  made  possible.  The 
Oberbaurath,  too  supremely  high  to  fear  any  insecurity  or  competi- 
tion, wrote  this  magnanimous  summary :  "  I  associate  myself  witn  the 
conclusions  of  Mr.  Bates."  Through  all  his  European  experience  no 
friend  extended  a  more  encouraging  and  generous  hana  than  this 
first  and  greatest  critic. 

The  project  was  next  submitted  to  the  Belgian  committee  of 
National  Fonts  et  Chausees.  They  likewise  indorsed  it.  But  before 
the  minister  would  engage  his  approval  a  commission  of  two  engi- 
neers was  appointed  to  proceed  to  America,  investigate  and  report. 
The  report  was  published  in  the  Annals  des  Travaux  Publiques,  the 
official  organ  of  the  Government,  in  March,  1897.  Upon  delivery  of 
its  verdict  the  premier  gave  his  approval.  The  investigation  com- 
mittee's report  was  sent  for  later  by  the  Russian  Government  when  a 
commission  given  him  made  knowledge  of  his  credentials  imperative 
there  also.  The  Grande  Coupure,  owing  to  its  financial  side,  was 
taken  from  the  technical  to  the  political  arena.  Now,  however,  the 
improvement  increased  to  $50,000,000  has  just  been  voted  by  the 
Belgian  Chamber  of  Deputies. 

Subsequent  to  this  he  spent  many  montns  traveling,  to  inspect  at 
first  hand  the  European  rivers  and  harbors  and  to  study  the  engineer- 
ing treatments  that  were  in  progress  to  secure  the  fullest  service  to 
naviffation.  He  visited  everv  port  of  prominence  in  Europe  and 
North  Africa.  Later  he  had  business  reasons  to  visit  India,  Aus- 
tralia, the  Philippines,  China,  and  Japan.  He  came  thus  into  actual 
personal  contact  with  the  experiments,  the  failures,  and  the  successes 
of  nearly  all  the  world's  great  ports  and  waterways. 

RUSSIA. 

In  the  winter  of  1897  Prince  Hilkoff,  minister  of  ways  and  com- 
munications of  Russia,  commissioned  him  to  study  the  Volga  and 
report  upon  the  deepening  of  its  bars.    Later  the  minister  extended 
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the  commission  to  include  the  Black  Sea  ports.  He  was  to  design 
improvements,  having  reference  not  alone  to  their  commercial,  but, 
also,  to  their  military  service.    A  naval  officer  was  detailed  to  accom- 

Sany  him  and  get  from  the  departments  of  the  various  places  the 
ata  required. 

His  report  to  Prince  Hilkoff  examined  and  designed  improvements 
for  the  Volga  bars,  the  possible  enlargement  of  the  canal  system 
Marie,  the  Volga  mouths  of  the  Caspian,  and  the  Russian  mouth  of 
the  Danube,  together  with  the  Black  Sea  ports  of  Rostoff  on  the  Don, 
Taganrog,  Kertch,  Nicolsiev,  Kherson,  Odessa,  and  Ackerman. 

Subsequent  to  these  presentations  the  Russian  Government  ordered 
a  fleet  oi  dredges  for  use  on  the  Volga  bars.  They  were  constructed 
by  one  of  the  largest  works  in  Europe,  the  Society  Cockerill,  of 
Seraing,  Belgium,  who  are  still  his  contmental  builders,  according  to 
his  designs  and  under  his  personal  direction. 

There  came  to  these  trials  a  commission  of  three  sent  by  the  Ger- 
man Government,  then  discussing  the  Great  Central  Canal;  a  commit- 
tee of  one  sent  by  the  Suez  Canal,  already  then  being  pressed  bv  ship- 
owners and  the  English  authorities  for  enlargem<*nt ;  another  of 
one  from  the  Manchester  Canal ;  three  engineers  sent  from  the  Ober- 
baurath's  Weser  River  board,  four  men  of  English  harbor  boards, 
one  committee  of  three  from  Australia,  ten  representatives  from 
France  and  the  French  ambassador,  two  from  Austria  and  its  am- 
bassador, one  from  India,  one  from  Siam,  four  from  Russia  and  its  am- 
bassador, the  Turkish  ambassador,  one  from  the  Danube,  and  hundreds 
from  Belgium  itself.  So  general  was  the  interest  that  for  some  days 
of  the  last  week  the  State  railways  ran  excursion  trains  to  accom- 
modate the  numbers  who  wished  to  inj-pect  and  see  these  tests. 

There  had  been  offered  a  premium  of  150,000  roubles  if  the  ma- 
chines would  reach  a  stipulated  output  under  rigorous  conditions. 
The  trials  were  exacted  in  duplicate,  one  series  on  the  Scheldt  and  one 
at  St.  Petersburg,  but  when  the  output  on  the  Scheldt  went  200  per  cent 
above  the  requirement  the  full  premium  of  150,000  roubles  was  paid. 
A  recent  letter  from  Prince  Hilkoff  states  that  these  machines  were 

S'ving  satisfaction,  and  that  the  unit  cost  upon  Volga  bars  was  the 
west  of  any  method  tried.  The  Russians  were  engaged  on  the 
Volga  and  at  Kherson,  Nicolaiev,  and  other  ports,  in  accordance  with 
the  recommendations,  when  the  war  broke  out. 

QUEENSLAND. 

In  1898,  before  the  Russian  order  was  filled,  the  speaker  was  called 
to  Queensland,  Australia,  by  its  government  to  examine  the  harbor 
and  river  of  Brisbane.  On  his  arrival  several  of  the  other  ports  up  the 
coast  sent  to  the  home  secretary  a  request  that  their  ports  be  included. 
He  was  finally  asked  to  examine  and  make  projects  for  nine  ports 
connected  with  their  five  rivers.  He  prepared  designs  for  the  Bris- 
bane River  and  Harbor,  for  the  Fitzroy  River  and  Rockhampton 
Harbor,  for  Bundsberg,  Townsvelle,  Mackay,  Cairns,  and  the  Norman 
and  Albert  rivers  of  the  Gulf  of  Carpenteria,  etc. 

On  the  Fitzroy  River  there  is  now  being  constructed  a  great  sys- 
tem of  training  embankment  by  the  same  hydraulic  dam  building 
Process  which  the  minority  propose  to  employ.  '  The  writer's  dredge, 
'he  Archer^  is  pumping  the  material  from  the  bottom  of  the  river 
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into  dam- like  embankments.  He  is  himself  in  consultation,  giving 
the  directions  for  the  construction.  He  knows,  therefore,  here  from 
first-hand  intimacies  of  execution,  the  ruling  facts  of  which  he  will 
presently  speak.  He  has  himself  tested  and  experienced  the  limita- 
tions. 

SOUTH   AUSTRALIA. 

In  1901  a  parliamentary  report  was  made  for  the  South  Australian 
government.  The  other  ports  of  the  colony  here  also  asked  to  be 
included,  and  he  was  finally  bidden  to  prepare  projects  for  six  bar- 
lK>rs.  for  a  proposed  extension  of  the  railway  system,  and  for  a  navi- 
gable access  to  the  Murray  Eiver.  There  was  included  in  the  report 
a  design  for  the  outer  harbor  of  Port  Adelaide.  This  had  been  a 
technical  and  political  controversy  which  had  gone  on  for  more  than 
a  generation.  He  designed  improvements  also  for  Largs  Bay,  Port 
Victor,  the  Murray  mouth,  and  Kingston  Harbor. 

The  construction  of  the  outer  harbor  of  Adelaide  has  been  now 
three  years  under  way,  and  at  Brisbane,  Rockhampton,  Largs  Bay, 
and  numbers  of  smaller  places  works  are  being  continuously  prose- 
cuted and  executed. 

INDIA. 

Upon  the  invitation  of  the  chairman  of  the  Calcutta  port  board, 
the  speaker  made  an  exhaustive  examination  of  the  bars  of  the 
Hoogly.  He  designed  a  method  of  treatment  and  improvements  for 
the  river  and  certain  works  for  the  harbor. 

The  harbor  board  at  Bombay,  about  a  month  ago,  sent  him  a  re- 
quest to  make  up  for  them  a  project  involving  25,000,000  cubic  yards 
of  combined  reclamation  and  narbor  improvement. 

In  Queensland,  in  South  Australia,  in  Calcutta — indeed,  in  almost 
all  these  countries— the  Government  forces  of  engineers,  draftsmen, 
etc.,  were  put  at  his  disposal  to  collect  data  and  to  do  the  details  of 
the  work. 

EGYPT. 

He  had  been  for  some  time  in  correspondence  with  the  authorities 
of  the  Suez  Canal,  whose  meager  dimensions  had  long  been  a  source 
of  discontent  to  English  merwxants.  Sir  John  Stokes,  an  Englidi' 
member  of  the  board,  recognizing  that  the  passing  of  the  Hercules  to 
Australia  would  give  a  very  favorable  opportunity  for  settling  the 
much-discussed  question  of  cost  and  facility  of  canal  enlargement, 
enlisted  the  interest  of  Mr.  Joseph  Chamberlain,  then  colonial  secre- 
tary. At  Mr.  Chamberlain's  request  the  Queensland  government 
granted  permission  for  the  dredge  Hercvles  to  halt  on  her  way  out 
and  make  in  the  Suez  Canal  a  demonstration  of  what  the  new  order 
might  or  might  not  accomplish.  These  Queensland  dredges  had  been 
bunt  by  the  Sir  William  Armstrong  AVhitworth  Company  (Limited), 
of  New  Castle-on-Tyne,  who  are  still  his  English  builders.  The 
Suez  has  many  varieties  of  material,  among  them  a  very  dense  and 
tenacious  mixture  of  clay  and  gypsum.  Since  the  Australian  ma- 
chines were  built  to  handle  sand  alone,  costs  could  not  be  expected  to 
reach  their  minimum  or  capacity  to  reach  its  maximum,  but  certain 
safe  approximations  could  oe  reached.  Here  was  a  chance  to  study 
one  great  sea-level-and-lake  canal  over  water  and  under  water. 
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In  Egypt,  at  the  invitation  of  the  English  minister  of  public  works, 
Sir  William  Garsten,  he  went  up  the  Nile  and  made  a  report  upon 
the  treatment  of  its  bars  and  the  approaches  to  the  new  lock  at  the 
Assuan  dam.  He  made  also,  for  the  same  minister,  an  examination 
of  the  Sudd  question  south  of  Khartoom,  and  the  possibilities  of  car- 
rying a  railway  embankment  across  the  Bahr-el-Ghazal.  In  conse- 
quence he  was  at  Assiut  and  at  Assuan  during  the  construction  of 
tjfiose  two  monumental  dams,  whose  principles  are  incorporated  into 
his  project.  The  Assiut  Barrage  of  Egypt  supports  on  alluvial  foun- 
dations a  40-foot  hea'd  of  water.  But  the  Assuan,  on  rock  founda- 
tions, is  the  model  for  the  writer's  similar  sluice  barrages  on  the  Pan- 
ama Canal.  The  Assuan  dam  controls  the  floods  of  the  Nile,  which 
are  six  times  those  of  the  Chagres.  This  is  likewise  the  model  for 
his  Gamboa,  Alhajuela,  and  Cano  under  sluice  dams. 

Senator  Morgan.  What  are  the  foundations  underlying  the  pier  at 
the  Assuan  dam  ? 

Mr.  Bates.  Granite. 

Senator  Morgan.  You  have  gone  down  to  granite  everywhere? 

Mr.  Bates.  Yes,  sir. 

Senator  Morgan.  How  deep  ? 

Mr.  Bates.  About  45  or  50  feet. 

Senator  Morgan.  Below  the  surface  of  the  Nile? 

Mr.  Bates.  No;  that  was  after  the  water  was  drained  off.  That 
was  below  the  surface  of  the  land. 

CHINA. 

Later  the  speaker  went  to  the  Philippines  and  China.  He  visited 
the  latter  country  twice,  for  here,  on  agreement  with  an  English  com- 
pany, he  had  arranged  to  examine  the  problem  of  the  lower  Yangtse 
and  seek  some  better  system  for  getting  transports  up  the  river  and 
the  350  miles  of  gorges. 

He  examined  also,  while  in  China,  and  prepared  plans  for  the 
Whang  Pu.  The  Chinese  call  its  bar  their  "heaven-sent  barrier," 
and  Europeans  for  fifty  years  have  been  trying  to  get  it  remedied.  It 
majr  be  recalled  that  one  of  the  stipulations  in  me  treaty  of  peace 
closing  the  late  Boxer  rebellion  was  that  the  Whang  Pu  Biver  should 
be  made  safely  navigable. 

On  his  return  to  Europe  he  received  a  letter  from  Oberbaurath 
Franzius  asking  his  collaboration.  The  letter  states  that  the  German 
Government  had,  before  the  signing  of  the  treaty,  bidden  the  Baurath 
study  the  Wang  Pu  and  make  them  a  project  for  its  relief.  He  sug- 
gested that  since  Mr.  Bates's  proposed  treatment  coincided  with  his 
own  they  unite  an  alliance  of  representatives  "from  other  countries 
to  make  an  international  board.  This  was  done.  The  members  in- 
cluded Prof.  W.  H.  WTieeler,  M.  I.  C.  E.,  of  England,  a  leading 
author  and  authority  on  tidal  rivers;  George  De  Thierry,  German 
Government  member  qf  the  board  of  the  Suez  Canal  and  professor  of 
hydraulics  in  the  University  of  Berlin;  Von  Weber  Ebenhoff,  of 
Austria,  professor  of  hydraulics  in  the  University  of  Vienna ;  J.  H. 
Apjohn,  esq.,  M.  I.  C.  E.,  builder  of  the  famous  Kiddepore  docks,  at 
Calcutta ;  M.  Duf orny,  chief  engineer  of  Ponts  and  Chausees,  of  Bel- 
gium, designated  by  his  own  Government,  and  the  late  M.  Zakaroff, 
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builder  of  Dalnjr,  designated  by  the  Russian  minister  of  foreign 
affairs.  The  project  thus  accredfited  is  before  the  Chinese  Govern- 
ment 

JAPAN. 

The  speaker  also  twice  visited  Japan,  going  three  times  along  the 
coast  by  water,  stopping  to  study  the  ports,  and  once  through  the 
interior  to  inspect  the  country. 

The  writer  is  a  member  of  the  Western  Society  of  Engineers,  of 
the  Civil  Engineers  of  France,  of  the  Civil  Engineers  of  Belgium, 
of  the  Institute  of  Naval  Architects  of  London,  and  other  technical 
societies. 

GALVESTON  GRADE  RAISING  AND  ERIE  BARGE  CANAL. 

Later  the  speaker  returned  to  the  United  States  and  established  an 
office  in  New  i  ork.  Galveston*  was  proposing  to  raise  its  city  grade. 
Your  committee  will  recall  that  the  town  in  1900  was  swept  by  a  dis- 
astrous tornado  which  cost  its  population  6,000  lives  and  a  property 
loss  of  $34,000,000.  A  sea  wall  of  concrete  was  built  along  the  Gulf 
front.  But  the  authorities  decided  to  insure  against  all  possible 
recurrence  by  lifting  the  city  bodily  above  the  flood  line. 

The  problem  became  how  to  bring  material  for  the  district  to  be 
filled.  To  fill  by  cars  was  so  costly  as  to  practically  rule  out  this 
method.  The  quantity  (12,000,000  cubic  yards)  was  three  and  a 
half  times  that  removed  from  the  New  York  subway.  Water  and 
gas  pipes,  street-car  lines,  houses,  etc.,  had  to  be  kept  available  for 
continual  use.  No  dredge  could  pump  the  distance  and  height  nec- 
essary. Two  hundred  and  fifty  contractors  were  invited  to  tender. 
Two  contractors  did  tender.  THie  speaker  devised  a  method  of  driv- 
ing a  canal  into  the  heart  of  the  city  and  then,  by  use  of  a  type  of  self- 
propelling  dredffes  never  before  employed  in  fliis  country,  bringing 
m  material  and  distributing  it.  The  speaker's  bid  for  the  work  was  40 
per  cent  below  that  of  his  one  competitor.  The  Galveston  grade  rais- 
mg  is  now  well  advanced.  The  sand  under  the  plan  devised  is  taken 
from  the  Government  channel,  incidentally  creating  an  improvement 
to  it  of  $1,500,000  value. 

The  recent  New  York  barge  canal  law  dedicated  $101,000,000  to 
the  new  Erie  Canal.  There  nave  been  let  at  this  date  six  sections. 
Of  these  the  company  of  which  the  writer  is  president  has  three, 
aggregating  21  miles  of  canal  length.  This  construction  includes 
rock  excavation,  earth  work,  piling,  concrete  masonry,  dams,  etc. 
Two  dredges  of  1,000  horsepower  each  and  a  large  amount  of  other 

Slant  are  under  construction  for  it  at  the  New  York  Shipbuilding 
ITorks.    There  has  been  introduced  on  it  the  first  Lobnitz  rock  cut- 
ter ever  used  in  America. 

This  company  has  just  been  awarded  the  Buffalo  port-improvement 
work  undertaken  for  the  United  States  Government. 
Senator  Knox.  What  is  the  name  of  your  company  ? 
Mr.  Bates.  The  Empire  Engineering  Corporation. 
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Discussion  of  Panama  Canal  projects. 

NEW  SEA-LEVEL  MAJORITY  OF  CONSULTING  ENGINEERS — 85-POOT  TJ^KK 
LEVEL  MINORITY  OF  CONSULTING  ENGINEERS  AND  CANAL  COMMIS- 
SION— SYSTEM   AND   PROJECTS   OF   LINDOX   W.   BATES. 

DISCUSSIOt   OF  ATLANTIC    HARBOR   PLANS. 

[Diagrams  on  supplemental  sheet,  Fig.  I,  majority  plan;  Fig.  II,  minority;  Fig.  HI,  Linden  Bates.] 

Both  of  the  harbors  recommended  by  the  advisory  engineers  are 
inclosed  by  an  east-and-west  breakwater.  Both  are  approximately 
parallel  to  the  axis  of  Limon  Bay,  but  are  toward  the  east  or  C!oloii 
shore. 

The  east  breakwater'  is  common  to  both  schemes — an  arm  run  out 
to  the  40- foot  contour  from  Manzanillo  Point.  Immediately  off  its 
outer  end  and  only  a  few  hundred  feet  to  the  northward  is  a  danger- 
ous cluster  of  rocks  and  reefs  carrying  but  22^  feet  of  water.  These 
in  "  northers  '*'  break  heavily  and  induce  a  jumble  of  swift  currents 
and  backwash,  hazardous  to  a  steamer  seeking  haven  in  dark  and 
stormy  weather.  The  Board  is  united  in  presenting  as  a  harbor  fea- 
ture this  perilous  reef  right  imder  the  lee  of  wind-lashed  vessels. 
Ships  that  in  storm  or  blinding  rains  miss  the  narrow  entrance 
ougnt  to  have  sufficient  sea  room  to  avoid  piling  onto  such  hidden 

i'agged  peaks,  but  this  would  mean  approximating  the  entrance  to 
larbor  ///.  Safety  to  navigation  should  be  a  keynote  in  the  har- 
mony of  the  best  canal  scheme. 

Further,  the  Board's  mile-long  eastern  arm  receives  the  high  trade- 
wind  waves,  driven  often  by  vicious  squalls,  not  at  right  angles  to  its 
axis,  but  obliquely. 

The  West  Indian  "  norther  "  and  hurricanes  and  gales  come  nearly 
always  not  out  of  the  north,  but  from  about  the  north-northwest. 
This  condition  of  wave  exposure  compels,  for  the  breakwater,  a  large 
cross  section  and  extra  heavy  blocks  of  stone  or  concrete,  else  tne 
fiasco  of  the  early  Galveston  jetties  must  be  but  repeated. 

WEST  ARM. 

The  majoritj^  indicate  a  west  breakwater  3 J  miles  long  from  Mindi 
point.  The  minority  one  4^  miles  long  from  Mindi  mout^.  The 
sailing  course  here  is  almost  due  north. 

The  West  Indian  "  norther  "  comes  nearly  always  (as  was  noted) 
not  out  of  the  north,  but  from  about  the  north-northwest.  This  is 
why  Toro  Point  partially  shelters  the  safest  anchorage  in  Limon  Bay. 
The  charts  of  all  nations  show  this  and  all  admiralties  officially  ad- 
monish mariners  of  it.  To  this  shelter  vessels  first  scurry  from  the 
danger  of  reef-bound  Colon.  The  eroded  shore  contours  of  Manza- 
nillo Island  bear  evidence  of  the  inroads  of  past  cyclone-made  break- 
ers. Do  these  attested  facts  and  the  deep  mud  bottom  mean  nothing 
to  the  course,  design,  construction,  and  maintenance  of  at  least  the 
outer  3  miles  of  the  west  arm?  The  minority  (p.  68),  the  C!ommis- 
sion  (p.  xviii),  and  the  chief  engineer  (p.  xx),  before  undertak- 
ing these,  their  planned  breakwaters,  have  misgivings.  They  all 
make  reserves  and  would  wait  and  experiment  wiui  the  situation  for 
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feome  years.  Crested  rollers  at  least  26  feet  high  must  assail  obliquely 
the  3-mile  flank  of  the  west  arm,  founded  in  mud.  Solid  20-ton  rock 
blocks  are  not  obtainable  on  the  Isthmus,  with  which  to  make  safe 
these  sponsored  and  half -sponsored  and  temporized  harbor-defending 
walls.  They  stretch  4^  and  5^  miles  long.  But  no  one  ventures  to 
even  guess  at  tlife  heights  from  their  crests  to  the  deep  unknown  mud- 
buriea  bases  of  their  outer  3  miles.  Is  it  meant  to  bnng  granite  from 
the  States?  Are  concrete  blocks  intended?  There  is  neither  sand 
nor  concrete  available.  It  would  take  argosies  of  ships  to  carry  sand, 
oement,  or  20-ton  blocks  of  stone  from  any  source  of  supply.  This  is 
the  breakwater  situation. 

Neither  party,  though  the  Spooner  act  calls  for  adequate  and 
equipped  harbors,  presents  a  design  or  vouchsafes  a  detailed  estimate. 
Both  use  the  same  round  sum,  15,000,000  (majority  report,  p.  58; 
minority  estimate,  p.  425).  Though  the  writer's  figures  are  cnarac- 
terized  as  over  low,  he  observes  that  the  minority  for  the  inner  end 
employ  a  unit  price  which  is  half  his  own.  (P.  425,  minority  item, 
gives  $0.75  per  cubic  yard,  and  Bates's,  p.  264,  item  23,  $1.50  per 
cubic  yard.) 

The  majority  and  minority,  after  these  long  breakwaters  and  reef- 
bound  entrances,  have  here  a  salt  harbor  only  and  a  terminal  city 
2  miles  from  the  best  canal  entrance  built  over  an  imfiUed  swamp. 
If  the  terminal  were  removed  under  their  plans  to  Mindi,  it  would 
still  remain  surrounded  by  morasses. 

A  personal  inspection  of  the  head  of  Limon  Bay  convinced  the 
writer  that  Mindi  is  the  best  canal  entrance  when  properlv  defended. 
It  eliminates  two  sharp  curves  and  shortens  by  several  miles  the  total 
canal  length. 

JaramiTlo  Hill,  between  a  fresh-water  lake  and  Limon  Bay,  is  the 
best  location  for  the  terminal  city,  and  a  course  nearly  midway  across 
the  bay  the  best  approach  to  Mindi  from  the  bay  entrance. 

The  approach  in  Limon  Bay — ^shown  on  the  plate  (Fig.  Ill),  was 
chosen  by  the  writer  because : 

First  The  45- foot  contour  of  deep  water  came  farthest  into  the 
bay  there  according  to  the  charts  then  existing.  By  the  Coast  and 
Geodetic  Survey  chart,  completed  November,  1905,  the  45-foot  con- 
tour is  seen  to  be  almost  equally  distant  from  Mindi  by  any  approach. 
So  this  first  reason  for  the  approach  as  planned  bj  the  writer  is  no 
longer  leading,  but  it  is  still  reteined  because  of  his  additional  three 
reasons: 

Second.  This  location  is  well  away  from  the  dangerous  reefs. 

Third.     It  gives  a  curveless  entrance  to  Mindi. 

Fourth.  It  points  into  the  eye  of  the  heaviest  winds  and  wave 
motions,  not  somewhat  obliquely  as  in  the  majority  and  minority 
approach. 

The  open  approach  through  Limon  Bay  to  the  short  inner  break- 
water founded  in  shallow  water  is  subject  to  one  question — resilting. 
There  will  be  so  little  of  this  that  dredging  is  better  than  building 
expensive  breakwaters  or  jetties. 

First.  No  river  will  enter  the  bay;  hence  there  will  be  no  river 
deposits. 

Second.  There  is  no  evidence  of  any  littoral  drift  to  speak  of. 
Having  eliminated  these,  there  is  left  only  the  deposits  to  be  expected 
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after  a  heavy  storm.  Large  hopper  dredges  will  keep  an  approach 
deep  and  wi^e  for  far  less  than  tne  interest  and  maintenance  of  the 
harbors  created  by  the  Board  and  minority's  3^  and  4J  piile  break- 
waters. 

The  channel  proposed  by  the  Board  and  minoritj^  is  but  500  feet 
wide.  The  channel  advocated  should  be  600  feet  wide  to  the  basin 
below  the  Balboa  lock.  Six  hundred  feet,  in  an  exhaustive  exam- 
ination made  at  Durban,  South  Africa,  was  considered  by  the 
authorities  the  least  that  should  be  provided  for  a  harbor-entrance 
channel.  It  is  expected  that  the  works  of  maintenance  will  gradually 
enlarge  the  Bates  channel  to  the  preferred  width  of  1,000  feet. 

Senator  Hopkins.  You  say  600  feet  is  the  limit.  Do  you  give  the 
reasons  anywhere  in  your  statement  that  you  are  now  making? 

Mr.  Batos.  Yes,  sir ;  you  will  find  those  later.  I  will  say  that  that 
examination  was  made  by  Sir  Charles  Hartley  and  others,  and  the 
Durban  entrance  is  one  of  the  most  difficult  entrances  in  the  world 
to  maintain. 

Senator  Hopkins.  You  are  making  that  suggestion,  as  I  understand 
it  here,  as  a  criticism  upon  the  recommendation  of  the  500  feet  by  the 
majority  and  minority  report  of  the  en^neers  here? 

Mr.  Bates.  Yes,  sir;  it  is  a  navigation  question  of  the  passing  of 
ships  under  steam. 

Senator  Hopkins.  You  set  out  somewhere  in  your  statement  the 
reasons  in  detail  why  the  500  feet  will  not  do  and  why  the  600  feet 
should  be  adopted? 

Mr.  Bates.  Yes,  sir. 

Five  hundred  feet  is  too  narrow  for  very  larg;e  ships  to  pass  each 
other  safely  without  reduced  speed,  whether  gomg  in  opposite  or  in 
the  same  directions. 

In  the  Balbot  location  there  will  be  first  of  all  a  woll-protected 
salt  harbor.  The  cit}r  will  be  newly  and  properlv  built  from  the 
beginning  upon  American  soil;  not  upon  that  of  tananui.  Its  site 
will  be  healtny.  Protected  behind  Jaramillo  Hill  on  the  fresh-v/ater 
lake  there  can  be  an  impregnable  naval  station.  There  will  be  also 
here  the  fresh-water  harbor — ^Lake  Chagres. 

The  superior  safety,  usefulness,  and  convenience  of  Balboa  Harbor 
and  approach  and  basin  to  merchant  and  naval  vessol?  can  not  be  dis- 
proved, and  it  will  cost  far  less  than  the  other  proposals.  By  theii 
own  figures,  which,  as  has  been  shown,  are  seriouslv  underestimated, 
the  breakwater  of  the  majority  costs  $5,000,000;  tftat  of  the  minor- 
ity, $5,300,000;  that  of  the  writer,  $1,000,000,  exclusive  of  dredging. 

Senator  Hopkins.  If  it  does  not  interrupt  the  thread  of  your  dis- 
course, I  would  like  to  have  you  point  out  here  on  your  maps  the  sit- 
uation as  proposed  by  the  minority  and  majority  and  yourself,  so 
that  we  can  get  a  picture  of  the  situation  where  you  are  going  to  save 
over  four  mulions,  according  to  your  statement. 

Mr.  Bates.  Yes,  sir.  That  is  the  harbor  terminus  of  the  niinorty 
[indicating  on  map] ;  this  is  the  harbor  terminus  of  the  majority, 
and  here  is  the  harbor  terminus  which  I  have  recommended,  an  outer 
approach  here,  and,  in  about  20  feet  of  water,  a  breakwater  there, 
defending  the  approach  to  the  basin  in  front  of  the  lock.  That  gives 
you,  then,  the  three  ideas. 

Senator  Hopkins.  Do  those  black  lines  across  there  indicate  a  pro- 
posed breakwater  [indicating  on  map]  ? 
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Mr.  Bates.  That  is  simply  what  I  used  in  the  discussion  as  being  a 
breakwater  that  I  would  not  construct;  but  I  would  construct  this  one 
by  preference  [indicating  on  map]. 

The  Chaihman.  Mr.  Bates  says  that  if  you  will  permit  him  to  get 
through  with  his  statement  he  will  explain  all  these  features.  He 
would  like  to  continue  until  he^nishes  his  statement. 

Mr.  Bates.  Yes ;  when  this  is  printed  there  may  be  questions  to  be 
asked,  and  they  can  be  more  easily  answered  at  that  time. 

excavation  from  MINDI  TO  GATUN. 

The  majority  excavates  along  the  old  canal  line,  digging  down  to  40 
feet  below  sea  level.  The  minority  cuts  a  new  line  through  a  series 
of  hillocks  made  of  hard  clay.  They  both  figure  upon  digging  the 
'*  indurated  clay  "  or  "  clay  rock  "  with  a  hydraulic  dredge. 

Inquiry  has  developed  the  fact  that  except  at  the  intersection  at  the 
mouth  ot  the  Mindi  the  minority  had  in  hand  from  there  to  Gatun,  a 
distance  of  nearly  4  miles,  not  a  single  boring  on  which  to  base  the 
estimate  to  which  all  their  responsibinties  are  attached.  There  exists 
neither  a  profile  of  the  surface  nor  one  of  the  indurated  clay.  Their 
new  line  is  awaj^  to  the  eastward  of  all  the  canal  excavations  of  the 
French  company,  and  therefore  away  from  all  accurate  knowledge  of 
actual  strata. 

Senator  Hopkins.  How  far  away  is  it?  You  say  they  had  the 
French  borings  that  covered  that.  Jfow,'  how  far  is  the  proposed /line 
of  the  minority,  where  you  say  there  are  no  borings? 

Mr.  Bates.  It  varies  from  nothing  to  about  half  or  three-quarters 
of  a  mile. 

Senator  Hopkins.  Is  the  formation  there  such  as,  in  your  judg- 
ment, to  require  additional  boring  at  that  distance  ? 

Mr.  Bates.  Yes,  sir ;  and  as  I  read  on  I  will  show  you  why. 

Senator  Hopkins.  Very  well. 

Mr.  Bates.  The  majority  concede  2,357,154  yards  of  refractonr 
material  in  their  own  line  to  mile  5.49.  The  line  of  the  minority  is 
closer  to  the  Sierra  Quebrancha  Hills;  hence  it  is  certain  naturally 
to  encounter  more  refractory  material.  But  its  sponsors  claim  to 
have  in  their  excavations  between  Mindi  and  Gatun  leas  indurated 
clay  than  that  which  the  majority  concede.  The  writer  declines  to 
credit  that  the  minority  has  figured  in  enough  refractory  excavation. 
He  concludes  from  a  careful  study  of  all  available  data  that  between 
Mindi  and  Gatun  especially  the  quantities  allowed  by  the  minority 
are  far  too  small. 

From  an  examination  of  all  pertinent  maps  and  a  familiarity  with 
the  history  of  the  abandoned  French  diversion,  and  from  the  ac- 
curacy of  the  data  of  the  majority  on  the  old  canal  alignment, 
remembering  that  on  this  section  the  minority  project  is  over  three 
tim€s  as  wide  as  the  sea  leveler's  project  and  runs  amid  clusters  of 
small  hillocks,  it  becomes  almost  a  certainty  that  the  indurated  clay 
in  the  minority's  estimates  is  vastly  underrated,  but  by  what  amount 
no  one  knows.  When  the  line  is  actually  surveyed,  if  it  ever  is  to  be, 
and  bored,  it  will  undoubtedly  be  found  that  they  will  have  over 
dmthle  as  many  cubic  yards  as  they  now  contemplate  of  clay,  refrac- 
tory from  a  dredging  standpoint.  ^ 
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Senator  Morgan.  What  do  you  mean  by  "refractory"  in  that 
connection  ? 

(Mr.  Bates  exhibited  to  Senator  Morgan  a  piece  of  indurated  day- 
obtained  from  one  of  his  borings.) 

Senator  Morgan.  I  can  not  tell  by  looking. at  it.  Can  you  de- 
scribe it  ?  • 

Mr.  Bates.  I  mean  that  the  capacity  of  the  dredge  will  be  so  much 
reduced  that  the  unit  cost  will  be  very  high. 

Senator  Taliaferro.  Is  that  one  of  the  wrings  [referring  to  speci- 
men of  clay  exhibited  by  Mr.  Bates]  ? 

Mr.  Bates.  Yes,  sir. 

Senator  Morgan.  Why  do  you  call  it  refractory? 

Mr.  Bates.  I.  use  that  word  from  a  dredging  standpoint,  as  mean- 
ing a  class  of  material  which  is  exceedingly  difficult  to  handle. 

Senator  Morgan.  Why  is  it  difficult  to  handle? 

Mr.  Bates.  Because  a  dredging  operation  consists  in  the  first  place 
of  severing  the  material  from  its  bed,  and  then  in  lifting  it,  and  then 
in  distributing  it.  In  severing  material  from  its  bed  sand  is  very 
easily  severed,  a  certain  variety  of  clay  is  severed  with  very  great 
difficulty,  and  rock  may  have  to  be  blasted. 

The  curve  between  Mindi  and  Gatun  must  be  over  700  feet  wide 
at  the  water  line,  and  this  expanse  of  indurated  clay  is  located  ri^ht 
on  top  of  the  hard,  hilly  knoos  which  stopped  the  French  diversion 
excavations.  The  amount  of  indurated  clay  and  rock  is  therefore 
manifestly  underestimated.  '  The  minority  merely  guessed  at  it,  for 
thev  had  no  borings  or  even  surface-profile  data. 

Senator  Morgan.  Your  project  has  a  dam  across  the  Chagres 
River  and  the  Gatun  project  also  has  one.  What  is  the  distatice 
between  the  two  projected  dams? 

Mr.  Bates.  Senator,  I  have  a  dam  at  Mindi  and  another  one  pro- 
jected at  Gatiin.  The  one  at  Gatun  is  on  the  same  axis  as  that  pro- 
posed by  the  minority. 

Senator  Morgan.  The  same  axis  exactly? 

Mr.  Bates.  Exactly. 

Senator  Morgan.  Very-  well. 

RECEPTION   BASIN  BELOW   GATUN   FLIGHT. 

The  minority  report  does  not  provide  for  a  waiting  basin  below  the 
locks,  and  their  500- foot  waterway  is  inadequate  for  the  reception  of 
ships  without  one.  The  chief  engjineer  points  out  this  omission  on 
the  part  of  the  minority.  The  writer,  you  will  note,  provided  it  in 
his  presentation.  The  chief  engineer  remarks  (letter,  Jan.  26,  1906, 
p.  20) : 

"  I  believe,  however,  that  the  construction  of  a  large  basin  or  in- 
land harbor  at  or  near  Mindi,  or  at  a  convenient  location  which  exists 
below  the  Gatun  dam,  such  basin  to  be  supplied  with  coaling  and 
other  proper  outfitting  facilities,  will  be  found  advisable;  the  mate- 
rial excavated  in  the  construction  of  such  a  basin  is  to  be  used  in  the 
construction  of  the  Gatun  dam." 

This  widening  is  needed  near  the  locks.  There  it  will  be  a  mile  or 
more  from  the  lower  margin  of  the  Gatun  dam.  It  will  be  thus 
beyond  the  limits  of  direct  hydraulic  dredge-pipe  distribution  and 
lift  to  fhe  height  required  for  utilizing  its  material  in  the  dam.     This 
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basin  will  have  to  be  excavated  last,  after  the  channel  reaches  its  loca- 
tion; otherwise  a  special  channel  half  a  mile  long  must  be  dug  to  it 
eastwardly  from  the  old  canal,  in  order  to  give  the  floating  plant 
water  access  to  the  area  to  be  dredged.  Such  a  canal  will  likewise 
cross  and  interfere  with  the  Panama  railroad. 

The  material  dug  from  this  widening  must  therefore  be  trans- 
ported in  the  same  fashion  as  all  the  rest  of  the  approach  to  the 
Ixatun  locks,  viz,  by  scows.  They  must  be  towed  back  down  the 
newly  dug  channel  and  then  up  the  old  canal  or  through  an  expensive 
and  mconvenient  cross  channel.  This  has  not  been  estimated  either. 
Some  of  the  material  might  be  pumped  tvrice  to  get  it  to  the  foot  of 
the  dam,  first  into  the  old  canal  oed  and  then  into  the  lowest  parts  of 
the  structure;  but  the  quantity  of  direct  excavation  and  distribution 
that  can  be  done  by  such  a  method  is  limited  to  a  relatively  unim- 
portant amount  bv  the  great  length  of  the  dam  and  the  height  to 
which  the  material  must  be  hydraulicly  lifted. 

The  writer  consistently  sought  to  avoid,  and  did  avoid,  having  to 
dredge  much  "  indurated  clay  '  and  "  Mindi  rock."' 

The  Board  adopted  some  unit  prices,  which  assign  to  this  material 
to  be  dug  by  an  "  hydraulic  dredge  with  cutters  "  TO  cents  per  cubic 
yard.    Board  report,  page  419: 

"  It  must  be  remembered  that  any  estimated  price  is  necessarily 
oaly  approximate  and  should  be  made  high  enough  to  guard  against 
errors,  and  will  then  be  high  enough  to  cover  small  variations  from 
average  conditions.  It  is  recommended  that  the  prices  be  used 
broadly." 

Dredging :  Cubic  yards. 

Mud  and  sand  In  Colon  and  Panama  barlwrs 15 

Soft  material  removed  by  hydraulic  pumps  in  canal 25 

Indurated  and  hard  clay  requiring  cutters 70 

In  the  Colon  Harbor  bids  last  summer  one  firm,  practical  and 
experienced  in  the  art  of  dredging  by  suction  and  with  other  types 
of  dredging  machines,  spent  months  of  time  and  thousands  of  dol- 
lars investigating  and  boring.  Annual  Report  Isthmian  Canal 
Commission  (p.  251) : 

"The  chairman  read  a  communication  from  the  chief  engineer, 
dated  December  29,  1904,  respecting  the  conduct  of  Mr.  C.  W.  Stur- 
devant,  agent  of  the  Atlantic,  Gulf  and  Pacific  Company,  who  had 
been  given  permission  and  assistance  in  taking  borings  and  gather- 
ing special  information  regarding  the  harbor  at  Colon,  asking  in 
reference  to  course  to  be  pursued  when  such  agents  decline  to  return 
the  courtesy  and  refuse  to  give  data  so  obtained.  The  matter  was 
referred  to  the  chairman  for  reply." 

Then  in  a  competitive  tendering,  for  which  this  company  thus 
fully  prepared  bia  $1.50  per  cubic  yard  (vide  Engineering  liecord, 
June  24,  1905),  another  bidder  with  no  serious  basis  of  preparation 
nor  time  enough  accorded  bid  7G  cents. 

QUANTITIES   AND   PRICES,   OUTER   APPROACH   TO   GATLTN. 

The  writer  set  forth  a  price  for  outer  and  inner  dredging  of  0.167 
cents;  the  majority  and  minority  allow  but  15  cents  per  cubic  yard 
(vide  pp.  50,  262,  and  425).  The  writer  spread  his  0.017  cents  over 
20,600,000  cubic  yards,  which  makes  thus  $350,000,  or  ample  for  the 
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extra  cost  of  handling  by  special  methods  and  mechanism  the  de- 
posits of  refractory  material  underlying  the  soft  upper  strata  be- 
tween the  shore  and  Balboa  or  first  lock  on  the  line  he  selected. 

The  following  are  the  comparative  excavations  as  estimated  to 
Gatun : 

Comparative  table  of  excavations  to  Gatun. 
[From  report  of  advisory  board.] 


Project. 


Earth. 


Sea  level.  ^^^^  ^ 

0  to  3.92 !  2,781,668 

8.92  to  6.48 7,696,885 

6.49toG j         (?) 


Total 

Minority. 


a) 


Indurated  < 
clay.      I 


Total. 


Cubic  ydt.  Cubic  yds. 

6,566  2,787.234 

2,861,588  10,047,473 

(?)  2.905,000 


(?) 


Remarks. 


Pfl«eei  60-51. 

Pa^s  60-^1  (23  per  cent  clay). 

Estimated  1.750,000  per  mile. 

0  to  5.49  official. 


0  to  4. 56. 
4.66  too. 


Total . 


Bates 

Naval  basin 

Clearing  old  canal  to  Mindi. 


Total. 


iR  7»  7OT  JO  to  5.49  official. 
15, 73»,  707  ,^5^g  jQ  Q  estimated 


8.300.000 
10.000,000 


18,300,000 


18,300,000     Page  425,  report. 

2,030,000     12,030,000 


2,090,000 


20,600,000 
1,500,000 
1.000,000 


a986O,O0O 


20,330,000  I 


20, 600. 000     Page  262,  report. 
1,500,000 
1,000,000     Page  264,  report. 


23,100,000  I   aS350,000  I  23,100,000  I 


a  Extra  allowance. 


An  analysis  of  the  conditions  and  of  this  table  shows  that  in  the 
Bates  project  the  estimates  to  Gatun  for  total  excavation  are  higher 
than  in  any  other.  But  the  dredging  character  of  this  excavation 
has  been  so  beneficially  diminished  oy  putting  the  first  lock  and  dam 
at  Mindi,  thus  creating  a  lake,  that  but  $350,000  has  had  to  be  allowed 
for  handling  refractory  clay. 

The  majority  has  against  this,  2,357,154  cubic  yards,  at  70  cents 
equals  $1,950,007,  and  the  minority  has  against  this,  2,030,000  cubic 
yards,  at  70  cents  equals  $1,421,000. 

It  is  a  safe  conclusion  that  the  estimates  of  the  Board,  and  espe- 
cially of  the  minority,  for  this  sea-level  end  work  are  quite  two  to 
three  million  dollars  too  low.  The  minority  apparently  allowed 
nothing  for  the  needed  reopening  of  the  old  canal  near  Mindi  mouth, 
for  which  the  estimates  of  Project  B  provided  $150,000. 

The  lake  between  Balboa  and  Gatun  in  Project  B  purposely  elimi- 
nates nearly  all  canal  dredging  between  these  points.  What  must  be 
done  is  of  the  upper  soft  material.  Hence  it  follows  that  up  to 
Gatun  the  Bates  estimates  are  far  safer  than  the  others  and  are  cor- 
rect as  contract  rates. 

THE   GATUN   DAM. 


The  official  description  of  the  minority  reads  as  follows : 
Board  report,  page  69 :  "  It  is  intended  that  the  downstream  toe  of 
the  dam  for  about  200  feet  shall  be  composed  of  rock  obtained  from 
excavation  in  the  canal  prism,  so  that  if  there  should  be  any  seepage 
of  water  through  the  dam,  there  will  be  material  at  the  toe  which  can 
not  be  washed  away.  The  lower  part  of  the  dam  up  to  elevation  60^ 
or  even  to  elevation  80,  is  to  be  made  from  material  dredged  from  the 
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canal  letween  the  Gatun  locks  and  Limon  Bay^  pumped  by  a  suction 
dredge  into  the  dam^  the  process  being  similar  to  the  sluicing  process 
employed  in  the  construction  of  some  important  dams  in  the  western 
fart  of  the  United  States,  By  this  process  it  is  feasible,  when  using 
a  material  like  the  alluvial  material  at  Gatun,  which  contains  both 
coarse  and  fine  material,  to  separate  the  two  and  to  deposit  the 
coarser  material  toward  the  downstream  slopes,  forcing  the  finer  ma- 
terial to  the  extent  desired  into  the  upstream  i)ortion  ox  the  dam.  An 
embankment  built  in  this  way  will  be  water-tight." 

"  For  the  upstream  slope  rock  obtained  from  canal  excavations  will 
be  dumped  as  riprap,  care  being  taken  to  provide  an  ample  thickness 
at  and  near  the  level  where  the  dam  will  be  exposed  to  wave  action. 
The  portion  of  the  dam  above  elevation  80  will  be  built  of  impervious 
material  to  a  few  feet  above  the  water  level,  and  at  higher  levels  may 
be  made  of  either  earth  or  rock,  as  most  convenient.  It  is  expected 
that  for  the  upper  part  of  the  dam  spoil  from  the  Culebra  cut  will  be 
used.'- 

An  analysis  of  the  foregoing  (for  their  detailed  estimates,  see  p. 
425)  shows,  with  reference  to  the  works  of  the  +85  plan,  that — 

First.  There  is  to  be  dredged  to  Gatun — 

Cubic  yards 

Mile  0  to  4.55  (Mlndi) earths.    8,300,000 

Mile  4.55  to  7.15  (Gatun) do 10.000,000 

Mile  4.55  to  7.15 clay  rock—     2,030,000 

Total 20,330,000 

Second.  There  is  to  be  pumped  into  dam  from  barges — 

Cubic  yards 

To  elevation  up  to  +50 12.170,000 

To  elevation  up  to  +80 5,  770, 000 

Total 17, 940, 000 

The  balance  of  the  dam,  3,260,000  cubic  yards,  is  to  come  from  the 
lock  site  and  other  sources  like  Oulebra. 

Thus,  we  see  that  17.940,000  cubic  yards  are  to  be  dredged,  put  into 
barges,  taken  to  the  foot  of  the  dam,  and  "  pumped  "  to  the  stated 
elevations. 

The  detailed  estimate  is  this  (Board  report,  p.  426) : 

Excavation  of  channel  in  Limon  Bay,  40  feet  in  depth  below  water 
and  500  feet  wide  from  mile  0  to  mile  4.55 : 

Earth  (dredging),  aSOO.OOO  cubic  yards,  at  15 cents $1,245,000 

Excavation  40  feet  in  depth  below  water  and  500  feet 
wide  from  head  of  Limon  Bay  (mile  4.55)  to  northerly 
end  of  Gatun  locks  (mile  7.15)  : 
Earth    (dredging),    10,000,000   cubic   yards,    at    25 

cents $2,500,000 

Indurated  clay  (dredging),  2,030,000  cubic  yards,  at 
70  cents 1,421,000 

8,921,000 

Excavation  for  Gatun  locks  (mile  7.15  to  mile  7.74)  : 

Earth,  920,000  cubic  yards,  at  40  cents 368,000 

Indurated  dav,  2,740,000  cubic  yards,  at  70  cents__-    1,918,000 

2, 286, 000 

Oatun  locks  exclusive  of  excavation  and  approach  walls 13, 075, 000 

Approach  walls  of  Gatun  locks 500,000 

Back  filling  and  embankment,  Gatun  locks,  660,000  cubic  yards  of 

borrowed  earth,  at  50  cents 3,'iO.  OOO 
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Gatun  dam : 

Earth  embankment — 

Below  elevation  50,  12,170,000  cubic  yards  of 
dredged  material   pumped   into   dam,   at  20 

cents   $2,434,000 

Between   elevation  50   and   elevation  80,   5,770,000 
cubic  yards  of  dredged  material  pumped  into  dam, 

at  30  cents 1,731,000 

Above  elevation  80,  3,260,000  cubic  yards  of  material 

from  excavations  placed  In  dam,  at  25  cents -        815, 000 

Excavation  for  diversion  channel  and  regulating  works: 

Earth,  1,100,000  cubic  yards,  at  40  cents 440,000 

Indurated  clay,  480,000  cubic  yards,  at  70  cents 336,000 

CJoncrete  in  regulating  work  and  for  protection  of  diver- 
sion channel,  189,000  cubic  yards,  at  $8 -_    1,512,000 

Regulating  gates  and  machinery  complete 320,000 

Allowance  for  preparatory  work  at  site  of  Gatun  dam 
and  miscellaneous  expenses 200,000 


Total  for  Gatun  dam 7,788,000 

The  following  is  the  schedule  of  unit  prices  (Board  report,  pp. 
419.  420) : 

Dredging :  Cubic  yards. 

Mud  and  sand  in  Colon  and  Panama  harbors 0.15 

Soft  material  removed  by  hydraulic  pumps  in  canal .25 

Indurated  and  hard  clay  requiring  cutters .70 

Coral   rock    1.50 

Rock   drilled   and   blasted   in   the   dry   to   elevation   —25.    removed 

by  dredge  1.50 

Rock  removed  under  water 2.50 

Dams : 

When  placed  in  dam  by  pump  from  barges  below  elevation  -f50 .  20 

When  placed  In  dam  by  pump  from  barges  above  elevation  -}-50 .  30 

Now,  the  material  in  Limon  Bay  is  very  light  and  soft  A  rail 
used  for  sounding  penetrates  many  feet  by  its  own  weight.  It  is  not 
proposed  by  the  Commission  to  provide  the  breakwaters  at  present 
(see  letter.)  This  means  that  the  water  of  the  bay  will  nearly  always 
be  too  rough  to  permit  the  use  of  dipper  or  clam-shell  dredges  or  suc- 
tion dredges  discharging  into  barges.  It  will  require  the  employment 
of  self-propelling,  self-contained  hopper  dredges  of  large  size  and 
special  design,  fitted  to  discharge  their  silt  cargoes  ashore  when,  the 
vessel  has  steamed  to  Gatun.  But  the  minority  has  not  figured  on 
such  craft  here  at  all.  The  writer  is  operating  half  of  all  mat  exist 
in  the  world,  at  Galveston.  The  old  canal  does  not,  unless  redredged 
at  considerable  expense,  provide  water  for  the  large  fleet  of  such  boats 
necessary  to  dreage  and  transport,  say,  5,770,000  cubic  yards  of 
material  between  mile  0  and  Mindi  mouth,  and  the  price,  15  cents,  is 
wholly  inadequate  for  such  a  performance. 

Again,  the  new  line  leaves  the  old  canal  just  above  Mindi  mouth. 
It  bears  to  the  east  and  runs  straight  into  the  cluster  of  hard  knobs 
and  low  hills  of  Mindi  Gap.  These  introvertibly  contain  indurated 
clay  and  the  hard  clay  rock  which  the  French  found  there  in  making 
their  Mindi  excavation. 

Senator  Morgan.  Why  did  the  French  make  that  excavation  there? 

Mr.  Bates.  That  was  to  get  a  straight  alignment  to  Gatun,  sir.  It 
was  simply  a  question  of  augnment  and  dodging  the  hills. 

Senator  Morgan.  It  was  out  of  the  side  of  the  hill? 
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Mr.  Bates.  Yes,  sir.  I  will  show  you,  Senator,  the  actual  shape 
of  the  hill  on  these  models  later. 

The  new  cutting  of  the  minority  is  500  feet  wide  on  the  bottom 
and  660  feet  wide  at  the  surface.  One  may  see  from  the  Maltby 
profile  some  of  the  hillocks  rising  to  50  feet  above  sea  level.  The 
cutting  in  places  will  be  810  feet  wide.  At  the  curve  (mile  5f )  it 
must  be  still  greater,  and  the  material  must  inevitably  be  largely 
refractory.  Now,  first,  the  top  material,  with  roots  and  vegetation, 
will  not  deposit  well  or  easily  in  barges  if  an  attempt  be  made  to 
load  such  by  hydraulic  dredges. 

Second,  hydraulic  dredges  with  cutters  can  not  excavate  the  Mindi 
rock  clay  at  any  price  warranting  the  consideration  of  their  use 
there.  Much  of  this  material  will  have  to  be  drilled  and  blasted, 
or  Lobnitized,  and  the  naive  proposition  to  dredge  this  refnictorj'^  clay 
and  rock  by  means  of  a  suction  dredge  with  cutters  and  put  it  into 
barges  is,  to  one  with  first-hand  experience  in  building  and  operat- 
ing, simply  preposterous. 

Senator  Hopkins.  How  much  of  that  has  got  to  be  blasted  there? 

Mr.  Bates.  Either  blasted  or  Lobnitzed  on  that  approach — possi- 
bly 4,000,000  yards. 

Senator  Hopkins.  What  length? 

Mr.  Bates.  It  is  about  3^  or  4  miles. 

Senator  Hopkins.  It  will  have  to  be  blasted  for  a  distance  of  4 
miles? 

Air.  Bates.  No,  sir ;  do  not  understand  me  that  way,  because  the 
material  varies.  You  run  into  a  group  or  cluster  of  small  hillocks 
that  stick  up  from  the  surface  of  tne  morass,  and  there  is  where  you 
find  indurated  clay. 

Senator  Hopkins.  How  much  of  that  4  miles  distance  will,  in  your 
judgment,  have  to  be  blasted  ? 

Mr.  Bates.  I  should  say  at  least  half  a  mile  would  have  to  be 
blasted,  and  yet  there  are  other  methods  for  severing  the  material 
from  its  bed  which  may  be  employed  without  blasting. 

Senator  Kittredge.  1  understand  that  you  cover  all  these  questions 
in  your  statement? 

Mr.  Bates.  Yes,  sir;  that  is  all  covered  in  my  statement  a  little 
later  on. 

Senator  Hopkins.  It  is  a  little  more  intelligible  to  me  to  get  at  it 
now. 

Senator  Morgan.  Has  any  great  geologist  ever  attempted  to  ac- 
count for  those  hillocks  that  appear  in  that  morass? 

Mr.  Bates.  I  think  a  French  geologist  claimed  that  that  Mindi 
Range  was  a  later  uplift.  Whether  it  was  or  not  I  do  not  think  any- 
one can  tell  or  know. 

Here  is  a  sample  of  the  clay  rock  from  Mindi.  Such  material  must 
be  severed  from  its  bed  and  put  into  barges  by  a  dipper  or,  preferably, 
by  a  multiple-bucket  dredge.  Under  such  niachines  much  of  the  stuff 
deposited  into  barges  will  be  in  large  lumi>s,  in  sizes  up  to  a  cubic  yard 
or  more.  The  material  is  maniiestlv  in  no  conmtion  for  iJeing 
''pumped  from  the  barges  into  the  dam."  It  must  be  granulated 
first  mechanically.  To  such  service  the  cutters  of  a  suction  dredge 
at  the  dam  stations  are  not  suited.  The  writer  knows  of  no  way  for 
effecting  this  save  by  cumbersome  and  untested  process  of  stamping, 
crnshing,  or  granulating. 
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Now,  assuming;  even  that  this  sequence  of  operations  was  actually 
effected  (but,  be  it  clearly  understood,  assuming  it  a  moment  for  argu- 
ment only)  and  that  the  stuff  was  mechanically  prepared  for  the  dam, 
we  have  to  consider  next  where  pimips  are  to  be  located,  and,  fur- 
ther, their  relation  to  the  work  they  have  to  do,  viz,  lifting  this  pre- 
pared material  through  heights  of  50  and  80  feet,  for  the  minority's 
Gratun  dam  is  to  be  135  feet  mgh. 

The  macerating  and  pumping  stations  (in  numbers,  since  5,000,000 
cubic  yards  are  expected  to  be  handled  per  annum)  must  be  located 
below  the  center  of  the  east  and  west  sections  of  the  dam.  For  the 
east  section  the  old  canal  affords  access;  for  the  west  section  barges 
must  come  up  to  the  junction  of  the  old  canal  and  the  Chagres  oppo- 
site Gatun,  then  go  down  the  Chagres,  then  up  the  old  west  diversion 
a  distance  of  2  miles.  This  old  fed  and  diversion  would  have  to  be 
made  navigable  at  considerable  expense,  for  they  are  not  deep  enough 
for  the  service  demanded  by  the  barges  and  tugs. 

Next,  we  are  met  with  the  fact  that  nowhere  ever  vet  has  material 
been  pumped  to  a  distance  of  2,000  feet  and  then  lifted  higher  than 
35  feet.  jBeyond  that  combined  distance  and  lift  everything  is 
experiment.  Theoretically,  centrifugal  pumps  may  be  compounded 
or  siamesed,  but  no  one  in  the  whole  wide  world  has  had  the  expe- 
rience which  would  give  any  warrant  for  resting  the  execution  and  the 
estimates  of  time  and  money  for  this  dam  on  the  basis  put  forward 
by  the  minority  and  approved  by  the  Commission. 

Nowhere  can  a  single  instance  be  cited ;  nowhere  can  a  satisfying 
demonstration  be  named.  It  is  nothing  short  of  monstrous  to  jaunt- 
ily rest  this  national  enterprise  upon  untried  methods,  vastly  bleyond 
the  range  of  experience  and  past  success. 

In  his  testimony,  the  chief  engineer  (p.  900  of  the  investigation  of 
Panama  matters  by  the  Senate  Committee  on  Interoceanic  Canals) 
supports  this  treatment.    So  much  the  worse. 

Tne  material  dredged  between  Mindi  and  Gatun  does  not  have  to 
be  taken  "  to  the  deep  sea  and  dropped,"  as  he  declares.  The  marshes 
each  side  afford  ample  spoil  areas.  It  is  far  more  practical  to  haul 
Culebra  material  and  build  the  dam  in  layers,  thoroughly  wet  and 
rammed  down,  but  this  is  another  task.  Spoil  must  then  be  rehan- 
dled  from  the  trains  and  be  lifted  far  above  the  present  railway  grade 
in  the  valley. 

Assuming,  however,  next,  that  this  structure,  containing  21,200,000 
cubic  yards,  were  built,  it  would  normally  sustain  the  lake  proposed. 
But  it  could  not,  of  course,  be  earthquake  proof,  not  fissure  proof,  nor 
subsidence  proof. 

Senator  Hopkins.  There  is  nothing  that  could  be  earthquake 
proof,  is  there? 

Mr.  Bates.  Oh,  yes.  In  Japan  they  build  a  light  wooden  house 
instead  of  a  huge  masonry  structure,  and  they  prefer  to  live  in  safety 
in  a  little  wooden  house  than  in  danger  in  a  masonry  structure.  That 
is  an  earthquake  country. 

Senator  Morgan.  They  had  an  earthquake  in  1888,  of  which  a  full 
statement  from  the  daily  papers  is  in  the  record  of  the  former  exami- 
nation— a  very  fearful  earthquake  that  extended  clear  over  from 
Panama  to  Colon  and  tore  the  houses  down,  displaced  steel  railroad 
bridges,  and  then  appeared  near  Bocas  del  Toro  in  little  volcanic  pits. 
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throwing  hot  water  and  steam.  That  was  in  1888.  Recently  they 
had  another  one  opposite  the  islands  of  Galapagos,  just  below  that  on 
the  South  American  coast,  that  reached  across  the  continent  to  Car- 
tagena. We  need  not  discount  the  earthquakes  in  this  proposition 
at  all. 

Senator  Hopkins.  I  did  not  mean  to  interrupt  Mr.  Bates  in  his 
statement. 

The  Chaibman.  Proceed,  Mr.  Bates. 

llr.  Bates.  Against  these  risks  the  minority  center  the  whole  avail- 
abilit}'^  of  the  canal  in  this  one  feature.  The  waterway  in  any  event- 
uality to  the  dam  would  be  useless  until  it  could  be  restored.  But 
restoration  would  be  a  dredge,  barge,  and  train  work  not  of  months^ 
but  of  years.  A  crevasse  must  carry  out  millions  of  cubic  yards  and 
scour  a  chasm  many  scores  of  feet,  under  the  portion  carried  away, 
and  for  a  long  distance  downstream.  Nothing  could  stop  it.  The 
refilling  of  the  lake  alone  would  require  nearly  a  year.  Further,  the 
high  level  made  by  the  dam  is  less  convenient  for  ships  than  a  lower 
level,  because  each  must  be  lifted  and  lowered  every  transit  through 
a  total  of  45  unnecessary  feet. 

Senator  Knox.  Excuse  me  for  interrupting,  but  it  does  not  seem 
to  me  that  this  is  the  most  profitable  way  of  getting  at  your  facts, 
Mr.  Bates.  How  much  of  this  matter  is  there  to  be  read  ?  We  could 
only  get  a  very  superficial  notion  of  it  by  having  you  read  it,  and  if 
it  is  going  to  be  printed  it  seems  to  me  that  if  you  have  anything 
definite  to  say  about  your  own  plan  as  contradistinguished  from  the 
others  it  would  be  more  illuminating  to  point  it  out  on  the  maps  and 
designs  here,  rather  than  merely  to  read  what  you  have  prepared. 

Afi.  Bates.  If  you  would  prefer,  I  will  come  right  to  that  point 
now.  In  fact,  I  nave  reached  the  point  where  I  think  it  would  be 
pertinent  to  do  that.  Senator.  I  will,  from  now  on,  point  out  on 
these  maps  as  I  read.  I  have  come  to  just  the  point  where  I  should 
like  to  do  that. 

Senator  Dryden.  I  should  like  to  have  Mr.  Bates,  in  his  remarks 
and  procedure  here,  treat  this  matter,  so  far  as  I  am  concerned,  at 
least,  as  if  it  were  entirely  new,  for  Mr.  Bates's  plan  is  new  to  me. 
I  would  like  to  have  him  take  it  up  de  novo,  and  so  exi)lain  it  that 
we  who  are  not  scientific  men — at  least  I  am  not  in  this  line — can 
have  this  matter  put  before  us  so  that  we  can  clearly  understand  his 
plans. 

Senator  Kittredge.  As  I  understand,  the  purpose  of  Mr.  Bates  is 
first  to  criticise  the  plan  of  the  minority,  and  1  anticipate  that  he  will 
later  explain  his  plan  and  show  why  it  is  preferable. 

Mr.  Bates.  Yes,  sir. 

Senator  Knox.  My  point  is  that  the  reading  of  something  which 
we  are  to  have  in  our  hands  later  on,  when  we  study  this  proposition, 
is  a  waste  of  time.  If  he  gets  up  and  shows  us  what  is  wrong  with 
the  minority  and  majority  schemes  and  what  is  right  about  his,  as 
contradistinguished  from  them,  I  think  we  would  get  some  more  intel- 
ligent impression  about  it. 

Senator  Hopkins.  I  want  to  know  if  I  understand  the  Senator 
from  South  Dakota  correctly,  that  Mr.  Bates  comes  here  simply  to 
criticise  the  miority  plan? 

Senator  Kittredge.  No;  that  was  not  my  statement. 
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Senator  Hopkins.  You  said  something  that  gave  me  that  impres- 
sion. That  was  the  impression  I  received  from  the  remark  that  you 
made. 

Senator  Kittredge.  The  substance  of  what  I  said  was  this,  that 
thus  far  Mr.  Bates  has  devoted  himself  to  the  criticism  of  the  minority 
plan. 

Senator  Hopkins.  Yes. 

Senator  Elittredoe.  And  I  assumed  that  a  little  later  he  would  state 
his  own  plan  and  compare  the  two. 

Senator  Hopkins.  Has  he  any  views  regarding  the  majority  plan? 

Mr.  Bates.  Yes,  sir. 

Senator  Hopkins.  And  was  it  his  purpose  to  present  views  regard- 
ing that  also  ? 

Mr.  Bates.  Yes,  sir. 

The  Chairman.  I  think  it  would  be  better  if  Mr.  Bates  were  per- 
mitted to  finish  his  statement  first  and  then  have  the  questions  asked 
afterwards. 

Senator  Hopkins.  I  want  to  get  a  little  knowledge  about  this  so  as 
to  follow  it.  Is  this  witness  impartial  between  the  majority  and  the 
minority — ^that  is,  to  the  extent  that  he  condemns  both  f 

The  Chairman.  I  rather  think  that  will  be  the  result  when  he  gets 
through.  Then  he  will  give  his  own  plan,  his  own  ideas  as  to  the 
canal. 

Senator  Taliaferro.  I  think  that  the  time  has  come  for  this  com- 
mittee to  decide  whether  we  are  going  to  consider  the  plan  submitted 
to  us  here  or  whether  we  are  going  to  take  up  entirehr  new  and  dif- 
ferent plans.  If  we  are  going  to  take  up  new  plans  for  this  canal  it 
beems  to  me  that  we  should  make  it  known  to  the  public,  so  that  any- 
one who  has  a  plan  to  submit  may  bring  it  here.  If  we  are  going  to 
open  this  question  up  for  new  plans,  instead  of  considering  the  matter 
that  has  been  committed  to  us  for  consideration,  it  seems  to  me  that  it 
is  only  fair  to  all- who  may  have  plans  for  a  canal  that  they  should  be 
given  the  opportunity  of  coming  oef ore  the  committee  and  submitting 
their  plans. 

Senator  Knox.  That  suggestion,  I  think,  has  a  great  deal  of  merit 
in  it.  It  was  the  suggestion  that  I  made  the  other  day  in  opposition 
to  calling  Mr.  Bates  at  this  time.  I  thought  that  we  had  a  specific 
work  laid  out  for  us,  and  that  was  to  determine  as  between  the 
reports  of  a  great  board  of  engineers,  one  a  majority  and  one  a  minor- 
ity report,  which  we  would  recommend — not  for  us  to  prepare  a  plan 
or  to  call  in  outsiders  and  to  indorse  an  outside  plan. 

Senator  Hopkins.  Was  your  plan  submitted  to  this  board  of  engi- 
neers, Mr.  Bates? 

Mr.  Bates.  Yes,  sir. 

Senator  Hopkins.  The  same  one  that  vou  are  elaborating  now  to 
us? 

Mr.  Bates.  Yes,  sir. 

Senator  Taliaferro.  It  was  submitted  to  the  board  of  engineers, 
as  I  understand,  and  condemned  or  rejected  in  detail. 

Senator  Hopkins.  Is  that  correct,  Mr.  Bates? 

Mr.  Bates.  Yes,  sir. 

Senator  Knox.  You  would  hardly  expect  us,  Mr.  Bates,  a  body  of 
laymen,  to  take  up  a  matter  and  aecide  it  as  between  you  and  this 
board  ?    Do  you  think  we  could  do  it  intelligently  ? 
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Mr.  Bates.  Senator,  all  I  should  say  is  this :  I  think  that  by  the 
time  I  have  submitted  what  I  have  here — and  I  have  only  begun  the 
real  objections — ^that  you  will  be  very  willing  to  consider  something 
else  besides  the  majority  and  minority  plan,  whether  it  be  mine  or 
any  plan  that  anybody  else  can  advance. 

Senator  Morgan.  Mr.  Chairman,  there  is  no  doubt  at  all  that  the 
first  duty  of  this  committee  is  to  determine  between  a  sea  level  and  a 
lock  canal  as  to  the  general  plan,  and,  after  that,  to  take  up  the 
statements  of  experts  in  respect  of  the  best  type  of  canal  to  be 
executed  on  the  plan  we  select.  That,  I  think,  is  the  proper  course 
for  the  examination.  In  determining  between  a  sea  level  and  a 
lock  canal  we  have  before  us  a  fully  detailed  exposition  of  the  lock 
plan  that  was  recommended  by  the  minority  of  the  Commission.  I 
say  recommended ;  I  so  understand  it.  They  took  that  plan  of  a  lock 
canal  as  a  fair  comparison,  as  I  understand  it,  between  the  lock  system 
and  the  sea-level  system.  They  adopted  that  as  a  standard  of  com- 
parison. But  I  do  not  understand  tnat  the  report  of  the  committee 
or  the  message  of  the  President  committed  either  of  those  function- 
aries to  the  adoption  of  the  particular  plan  for  a  lock  canal  that  was 
set  out  in  the  minority  report. 

Mr.  Bates's  testimony  as  far  as  he  has  gone  is  a  criticism  upon  the 
plan  that  was  used  by  the  Commissioners  and  referred  to  the  Presi- 
dent and  to  the  Isthmian  Canal  Commission  for  the  sake  of  illustra- 
tion, and  probably  with  the  expectation  of  its  bein^  finally  adopted. 
I  think  that  the  criticisms  he  is  making  upon  the  lock  plan  as  pro- 
posed are  important,  for  the  reason  that  it  may  turn  out  that  that 
lock  plan  as  inadmissible  and  can  not  be  adopted;  and  while  he  is 
hammering  down  that  plan,  it  may  turn  out  that  his  plan  will  be 
hammered  down  by  the  same  arguments.  I  do  not  know.  But  the 
inauiry  as  to  the  feasibility  and  practicability  of  the  lock  plan  with 
a  dam  either  at  Mindi  or  at  Gatun  is  a  question  that  I  think  we  are 
obliged  to  consider  in  determining  the  recommendation  we  will  make 
as  between  the  lock  plan  and  the  sea-level  plan.  That  is  my  view 
of  the  present  situation. 

Whether  we  will  go  further  and  hear  Mr.  Bates  explain  his  own 
plan  is  a  matter  that  is  within  the  discretion  of  the  committee  at  the 
present  time  and  at  all  times ;  but  it  seems  to  me,  Mr.  Bates  having 
proceeded  as  far  as  he  has,  that  it  is  proper  to  let  him  explain  his 

Elan  throughout,  particularly  in  regard  to  the  dam  at  Gatun  and  the 
andling  of  the  water  at  Gamboa,  and  also  and  perhaps  more  especi- 
ally in  regard  to  the  Pacific  terminus  of  the  lock  canal  that  he  pro- 
poses, which  is  entirely  different  from  that  of  anyone  else  that  I 
have  as  yet  heard  speak  upon  the  subject. 

So  I  think,  as  we  have  proceeded  with  Mr.  Bates's  testimony  as 
far  as  he  has  gone  with  it  already,  in  justice  to  him  we  should  let 
him  complete  his  statement  and  then  we  will  take  into  consideration 
whether  we  will  have  any  more  of  the  same  kind  of  testimony. 

Senator  Taliai'erro.  I  did  not  mean  to  make  any  objection  to  Mr. 
Bates  concluding  his  statement.  He  has  been  invitea  here  by  the 
committee,  and  courtesy  would  require  that  we  give  him  a  hearing, 
after  inviting  him  here;  but  I  do  think,  instead  of  taking  up  our  time 
listening  to  his  reading  of  the  statement,  that  it  mi^t  go  in  the 
record,  and  he  might  explain  by  these  maps  or  profiles  he  has  here 
what  his  objections  to  the  majority  and  minority  plans  are. 
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The  Chairman.  I  think  that  is  what  Mr.  Bates  is  trying  to  do,  if 
we  will  let  him  proceed ;  but  if  it  is  desired  that  we  take  me  matter 
uj)  in  a  different  way,  it  can  be  done  at  this  time.  Mr.  Bates  was  cer- 
tainly invited  to  come  before  the  committee.    The  names  were 

Senator  Knox.  I  think  we  all  agree  with  Senator  Taliaferro 
that  we  do  not  desire  to  shut  Mr.  Bates  off.  It  is  only  a  question  as 
to  the  method  that  he  shall  employ  in  instructing  us. 

The  Chairman.  I  take  it  tnat  Mr.  Bates  desires,  before  he  gets 
through,  to  give  us  his  objections  to  the  majority  as  well  as  the 
minority  report.    I  think  he  wishes  to  criticise  both. 

Mr.  !date8.  Yes,  sir. 

Senator  Hopkins.  I  heartily  approve  of  the  suggestions  of  the 
Senators  that  the  essay  part  of  tms  statement  be  printed,  where  we 
can  read  that  with  the  other  matters,  and  that  he  give  us  the  prac- 
tical part,  by  taking  his  pointer  and  indicating  on  the  profiles  and 
maps  nere,  taking  up  these  different  plans  and  suggesting  and  point- 
ing out  their  defects. 

Senator  Morgan.  I  have  not  discovered  that  Mr.  Bates  has  in- 
dulged in  any  essay.  I  think  he  is  making  a  very  pointed  statement 
of  the  engineering  facts  that  bear  very  strongly  upon  this  Question. 

Senator  Hopkins.  Well,  each  Senator  is  responsible  for  nis  own 
understanding,  of  course. 

The  Chairman.  Shall  Mr.  Bates  proceed? 

Senator  Morgan.  I  hope  so. 

Senator  Kittredge.  I  agree  with  Senator  Morgan.  I  would  like 
to  hear  Mr.  Bates. 

The  Chairman.  Proceed,  Mr.  Bates. 

Mr.  Bates.  It  will  be  carefully  noted  that  in  tiie  project  B  the 
writer  has  not  undertaken  te  lift  a  cubic  yard  beyond  the  limits  that 
have  been  actually  and  many  times  reached.  When  a  Gatun  dam  is 
being  built  for  his  +62.6-ioot  summit  level  of  B  there  will  be  a 
working  level  made  by  Lake  Chagres  at  33.5  feet^  and  there  is, 
therefore,  free  and  immediate  access  to  every  inch  oi  this  structure- 
Further,  the  35  feet  of  the  extra  height  of  50  feet  above  the  water 
line  in  the  +85  Gatun  dam  does  not  add  to  water  tightness.  In- 
stead, it  does  load  the  soft  clay  foundations  and  increases  the  danger 
of  subsidence. 

GATUN    UNDER-SLUICE    BARRAGE. 

The  minority,  as  well  as  the  majority,  at  Gamboa  and  Corozal 
now  adopt  the  under-sluice  barrage  to  control  the  level  of  their  +85- 
foot  lake,  abandoning  the  over  spillway  of  the  former  -[-85  Lake 
Bohio  project  from  the  Gigant6.  The  chief  engineer  has  discovered 
a  new  over  spillway  site,  for  which  he  disclaims  credit,  up  the  Trini- 
dad Valley,  where  the  hollow  of  a  saddle  is  "  27  feet "  above  the  lake. 
The  writer  sees  no  advantage  in  considering  and  substituting  this 
locality,  remote  from  the  dam,  when  the  central  island  and  the  sag 
next  the  west  abutment  of  the  dam  offer  a  near  and  convenient  rock- 
bottom  foundation,  as  the  borings  show.  The  writer  welcomes  this 
tribute,  thouffh  unavowed,  to  his  insistent  advocacy  that  the  central 
principle  of  the  Assouan  dam  be  applied  to  isthmian  conditions.  He 
merely  takes  occasion  to  point  out  that  under-sluice  structures  for  an 
85-foot  head  are  larger  and  more  expensive  than  for  his  similar  works 
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of  about  one-third  the  head.    The  proposals  of  the  writer  are  more 
safe,  because  the  head  is  lower  and  tney  effect  the  same  result 


The  minority's  dangerously  conjoined  three  Gatun  locks  are  stated 
to  have  usable  lengths  of  900  feet  These  lock  lengths  are  790,  790, 
and  820  feet  on  the  official  plans  they  have  themselves  put  out,  and 
which  are  indorsed  by  the  Commission  and  the  Secretary  of  War. 

Here  is  a  relief  which  I  have  h^d  made  of  the  Gatun  dam  and  the 
lock  site  as  it  actually  exists,  to  natural  scale.  This  is  the  flidit  of 
three  locks.  Here  is  the  upper  lake  [indicating  on  map],  and^  this 
is  the  dam.    There  is  the  west  abutment,  and  here  is  the  Gatun  hill. 

The  upper  approach  wall  will  be  either  founded  in  soft  alluvium 
or  must  go  140  to  170  feet  below  sea  level  for  rock.  These  locks  can 
never  be  enlarged,  because  there  is  no  room  for  enlargement  in  the 
bill.  A  Cunarder  788  feet  long  is  to-day  in  process  of  construction, 
and  a  788-foot  ship  can  not  safely  venture  into  a  790- foot  lock. 

Here  is  an  actual  model  of  the  ship,  and  this  is  taken  from  the 
official  map  [indicating  map].  And  tnere  you  see  your  vessel  just 
fills  your  lock.  She  has  2  leet  clearance.  There  is  the  Cunarder  in 
that  lock.  This  is  taken  with  the  greatest  possible  accuracy  from  the 
official  plans. 

The  locks  of  the  86-foot  canal  recommended  by  the  minority  are 
obsolete  before  they  are  begun. 

After  reviewing  the  situation  in  some  detail  (pp.  36  to  40)  the 
majority  adopt  the  following  (p.  40)  : 

"  That  the  locks  on  a  canal  of  any  type  should  be  of  such  usable 
dimensions  as  will  afford  a  length  of  1,000  feet,  a  breadth  of  100  feet, 
and  a  depth  of  40  feet.  It  is  further  considered  that  if  the  canal 
were  formed  with  smaller  dimensions  than  these  experience  would 
prove  it  to  be  regrettably  deficient  in  capacity." 

On  page  13  of  the  Board  report  is  the  following: 

"As  a  oasis  for  all  plans  the  Board  resolved,  by  11  affirmative  and 
2  negative  votes,  that  locks  should  have  as  a  minimum  usable  dimen- 
sion a  length  of  1,000  feet,  a  width  of  100  feet,  and  a  depth  of  40 
feet.  The  two  members  voting  in  the  negative  were  Messrs.  Noble 
and  Ripley." 

Now  let  us  see  what  the  minority  of  five  and  the  Commission  in- 
dorsed.   Their  report  reads  (p.  81) : 

"We  believe  this  allowance  for  reasonable  anticipation  excessive, 
and  that  locks  95  feet  wide,  with  a  usable  length  of  900  feet,  will 
fully  meet  the  requirements  of  the  act  for  both  commercial  and  war 
ships,  and  recommend  the  adoption  of  these  dimensions." 

Page  82  continues : 

"  If  the  locks  should  prove,  after  many  years  (after  many  years) , 
to  be  too  small,  larger  ones  can  be  built  when  neeaed,"  etc. 

The  minority  therefore  announce  locks  900  feet  long  and  enlargeable 
when  needed.  Inspecting  the  official  map  put  out  by  the  minority, 
and  scaling  the  contours  and  structures,  it  is  noted  that  practically 
the  best  and  only  feasible  location  has  been  chosen. 

Senator  Hopkins.  There  would  be  no  trouble,  would  there,  in  the 
minority  changing  their  plan  to  a  thousand-foot  lock? 
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Mr.  Bates.  Yes,  sir;  that  is  just  what  I  am  coming  to.  The  axis 
of  the  lock  can  not  be  swung  advantageously,  nor  moved  to  the  west 
nor  to  the  east.    Why?    Because  you  set  into  bad  countrv. 

Senator  Hopkins.  At  the  bottom  there  there  is  a  hill,  is  there 
not  ?    Why  can  they  not  go  that  way  ? 

Mr.  Bates.  Because  then  you  come  into  such  tremendously  deep 
cuttings.    The  hill  rises  right  up. 

Senator  Taliaferro.  Not  deeper  than  the  cutting  at  Culebra  ? 

Mr.  Bates.  No  ;  it  is  not.  That  height  right  there  is  150  feet.  It 
is  135  feet  right  in  here  [indicating  on  map]. 

Senator  KS^ox.  That  relates  to  the  width  of  the  locks.  How  about 
the  length?    What  is  the  difficulty  about  that? 

Mr.  Bates.  Just  one  moment  until  I  get  those  profiles  before  you, 
Senator. 

Senator  Knox.  If  you  treat  of  it  later  on,  do  not  stop  now.  I 
withdraw  the  question  for  the  time  being. 

Mr.  Bates.  I  do ;  yes,  sir.  I  have  brought  the  things  that  prove 
it. 

So  far  so  good.  Next  we  measure  what  purports  to  be  a  900-foot 
lock  in  the  clear,  and  a  flight  of  three  locks  3,136  feet  from  end  to 
end.  We  scale  the  plans  and  the  locks  and  what  do  we  find  ?  Where 
are  the  900  feet  of  minimum  usable  dimensions?  The  measurements 
give  790  feet  in  the  clear — some  50  feet  longer  only  than  the  discarded 
plans  of  1901.  Where  are  the  locks  of  the  minority,  which  wrote, 
"They  will  fully  meet  the  requirements  of  the  act  for  both  com- 
mercial and  war  ships  ?  "  But  perhaps  they  can  still  be  saved  and 
enlarged.  We  seem  to  remember  reading  "  If  the  locks  should  prove, 
after  many  years,  to  be  too  small,  larger  ones  can  be  built  when 
needed."    They  are  sorely  needed.     Can  they  be  built? 

Senator  Dryden.  Do  you  mean  to  say  that  the  report  of  the  Com- 
mission is  false  in  that  respect? 

Mr.  Bates.  I  say  that  their  location  and  the  official  plan  to  which 
they  have  subscribed  shows  locks  that  are  but  790  feet  in  usable 
dimensions. 

Senator  Dryden.  While  they  claim  them  to  be  900  feet  ? 

Mr.  Bates.  They  have  not  shown  it,  sir. 

Senator  Kittredqe.  The  question  was :  "  They  claimed  them  to  be 
900  feet?" 

Mr.  Bates.  Yes,  sir ;  they  claim  them  to  be  900  feet. 

Senator  Morgan.  'UTiile  those  profiles  are  being  examined  I  will 
ask  you  about  vour  statement  that  the  Commission  begins  with  locks 
that  are  already  obsolete.  Do  you  mean  in  reference  to  ships  that 
are  projected  in  Great  Britain  or  ships  that  exist  in  America? 

Mr.  Bates.  They  are  obsolete  with  reference  to  the  law  which  re- 
quires that  there  should  be  a  full  anticipation  of  the  needs  of  the 
ruture.    We  already  have  a  ship  within  2  feet  of  as  long  as  that  lock. 

Senator  Hopkins.  It  is  a  790- foot  lock,  is  it? 

Mr.  Bates.  Yes,  sir. 

Senator  Hopkins.  There  is  a  difference  of  fact,  as  I  understand  it, 
between  you  and  the  minority.  The  minority  claims  that  those  locks 
are  900  feet,  and  you  say  they  are  700  ? 

Mr.  Bates.  I  say  they  show  but  a  790-foot  lock. 

Senator  Hopkins.  And  they  say  they  show  a  900- foot  lock? 

Mr.  Bates.  Yes,  sir. 
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Senator  Hopkins.  It  is  simply  a  question  of  fact  between  you  and 
the  minority,  then  ? 

Mr.  Bates.  It  is  a  Question  as  to  whether  they  can  get  a  900-foot 
lock  into  that  hill  at  all.    That  is  the  question. 

Senator  Hopkins.  They  say  they  can,  and  you  say  they  can  not? 

Mr.  Bates.  Yes,  sir. 

Senator  Hopkins.  Then  it  comes  back  to  the  proposition  that  you 
disagree  with  them  on  a  question  of  fact  ? 

IVfr.  Bates.  Yes,  sir.  Here,  as  you  notice,  is  the  approach  to  the 
lock  [indicating  on  map].  There  is  the  depth  to  the  lock  under  this 
approach.  From  the  top  there  to  the  rock  line  is  234  feet.  There  is 
a  lock  that  is  scaled  absolutely  from  the  official  plan  [indicating]. 
There  is  a  real  900- foot  lock  [indicating].  Here  is  a  1,000-foot  lock 
of  the  majority  placed  in  the  best  position  on  the  hill  indicating  J. 
You  see  what  happens.  There  is  no  foundation  for  it.  There  is 
room  in  Gatun  lEll  for  one  lock,  and  there  is  not  room  for  three 
with  proper  rock  foundations.    That  is  the  whole  story. 

Senator  Taliaferro.  The  minority  say  here,  Mr.  Bates :  "  We  be- 
lieve this  allowance  (that  is,  of  the  majority)  for  reasonable  antici- 
pation excessive,  and  that  locks  95  feet  wide,  with  a  usable  length  of 
900  feet,  will  fully  meet  the  requirements  of  the  act  for  both  com- 
mercial and  war  ships,  and  recommend  the  adoption  of  these  dimen- 
sions." Further,  they  provide  for  ships  nearly  double  the  tonnage 
of  the  Dakota  and  Minnesota^  or  25  per  cent  larger  tonnage  than  the 
projected  Cunarders. 

Mr.  Bates.  Yes,  sir.  You  can  see,  taking  it  on  their  official  plan,  that 
that  is  not  true.  Here  is  an  actual  size  Cunarder  [indicating  model], 
and  when  I  put  it  into  the  lock  which  they  have  made  there  is  not 
room,  as  you  see  [showing  by  means  of  model].  You  could  not 
safely  put  the  ship  in  there.     So  that  that  statement  is  untrue. 

Senator  Hopkins.  You  put  that  in  on  your  dimensions.  You  have 
made  the  lock  790  feet  instead  of  900  feet? 

Mr.  Bates.  I  have  taken  that  lock  from  their  official  plan  on  the 
actual  scale.  If  you  will  look  at  the  plan  you  will  find  it  is  exactly 
the  same.  There  is  no  difference.  I  think  somebody  has  made  a 
mistake. 

Senator  Morgan.  They  probably  adopt  the  American  limits  for 
the  capacity  of  the  canal  instead  of  the  universal  limits.  If  they  do, 
I  am  with  them.     [Laughter.] 

Referring  to^the  profile  which  is  presented,  the  top  fiffure  is  the 
lock  flight  as  laid  out  and  approved  for  the  85-foot  plan  by  the 
minority  and  the  Commission.  The  relation  of  this  unexampled  mass 
of  concrete  to  the  firm  rock  of  the  hill  is  shown.  All  the  borings 
which  they  had  to  go  on,  or  which  are  now  in  the  Government  pos- 
session at  Washington,  are  presented  to  you.  How  many,  think  you, 
there  are?  Four — one,  two,  three,  four — ^borings.  Four  on  the  hill 
and  071^  in  the  valley.  These  are  all.  These  constitute  the  explora- 
tions for  foundations  to  this  unprecedented  and  unparalleled  flight 
of  locks.  But  they  are  still  enough,  however,  to  show  that  there  is 
not  safe  room  in  their  hill  for  the  3,136-foot  flight  of  short  locks  and 
the  1,200-foot  approach  piers  at  each  end,  which  the  minority  have 
put  on  paper. 

On  this  same  profile  there  is  shown  a  lock  900  feet  in  the  clear  (to 
use  the  nomenclature  of  the  isthmian  report  of  1901)   in  the  best 
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position  practicable.  Below  it,  again,  is  a  lock  really  1,000  feet  in 
the  clear. 

Now,  note  where  the  rock  lies  under  the  upper  approach  pier  (figs. 
2,  3,  and  4) .  This  pier  is  the  structure  along  and  against  which  ves- 
sels weighing  40,000  tons  are  to  moor  and  to  lie.  The  top  is,  say,  9 
feet  above  the  lake,  or  at  +94.  It  is  1,200  feet  long,  five  times  as  long 
as  the  Trinity  Building  in  New  York,  and  nearly  as  high  above  the 
rock  as  its  twenty-first  story  is  above  Broadway.  At  its  outer  end, 
where  the  contours  show  the  water  to  be  80  to  85  feet,  the  distance  from 
the  base  at  the  rock  line  to  the  topof  this  structure  is  234  feet  What 
is  to  be  said  of  such  a  plan?  Will  the  minority  put  this  concrete 
structure  on  soft  clay,  or  build  an  array  of  Eiffel  towers?  Besides, 
if  the  proper  distance  is  to  be  maintained  between  an  entering  and  a 
departmg  ship,  there  should  be  two  side  approach  walls^  not  merely 
one  central  wall. 

Figure  V  shows  another  position  with  1,000- foot  locks.  Under  the 
outer  end  of  the  upper  pier  the  rock  is  264  feet  below  its  top.  In 
position  rV,  the  Iock  entrance  of  the  minority,  at  the  bottom  is  20 
feet  above  the  rock,  and  the  mass  of  entrance  masonry,  which  con- 
tains the  "  safety  "  gates,  must  be  46  feet  high  above  the  ro^k  and  sup- 
ported by  "  back  fill."  At  the  other  end  me  next  set  of  gates  is  in- 
cased in  concrete  46  feet  high  above  the  rock.  With  the  central  lock 
it  is  about  the  same. 

It  is  therefore  revealed  that  there  is  safe  room  in  Gatun  Hill  for 
one  lock  and  its  aporoach  piers,  the  latter  to  be  founded  on  rock 
within  feasible  foundation  depth.  But  there  is  not  room  for  a  flight 
of  three  locks  large  enough  to  comply  with  the  law  of  Congress  or 
even  large  enough  to  pass  the  new  Cunarder  of  to-day. 

If,  then,  there  is  not  space  in  the  hill  for  even  three  abridged  locks, 
how  are  bigger  ones  to  be  installed  ? 

The  drawing  shows  a  Cunarder  in  a  lock  of  the  minority's  dimen- 
sions.   There  is  no  margin.    The  letter  of  the  Commission  says 

(P-17): 
"  The  minority  point  out  that  the  dimension  proposed  by  them  will 

Srovide  for  ships  having  25  per  cent  more  tonnage  than  the  new 
unarders.  If  ships  too  large  for  these  locks  should  hereafter  be 
developed,  it  will  be  possible  to  add  new  and  larger  locks  to  accom- 
modate them." 

Was  the  writer  disclosing  a  fact  when  he  said  the  minority's  lock, 
and  hence  the  minority's  canal,  as  officially  presentefl  and  indorsed, 
is  obsolete  before  it  is  tJegun  ? 

DISADVANTAGES  OF  LOCKS  IN   rUGHT. 

It  is  not  practicable  to  use  a  divided  lock  when  two  or  more  are 
conjoined.    This  the  minority  concede. 

You  see  a  vessel  entering  a  lock  leans  its  shoulder,  so  to  say^  against 
this  approach.  If,  coming  out  of  the  lock,  she  comes  against  this 
central  pier,  a  vessel  entering  and  a  vessel  departing  of  this  great 
size  are  in  too  dangerous  proximity.  Therefore  I  say  that  there 
should  be  side  approaches  instead  of  relying  on  one  central  one  there, 
in  order  to  reduce  the  total  amount  of  concrete  in  that  position. 
My  contention  is  that  there  is  not  room  enough  in  Gatun  Hill  nor 
either  side  of  where  they  put  their  locks  to  put  in  a  flight  of  three 
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locks  even  of  the  size  of  the  one  they  have  projected — ^790  feet  long — 
much  less  one  1,000  feet  long,  and  that  they  can  never  enlarge  it. 

Senator  Taliaferro.  I  do  not  see  why  they  can  not  extend  the 
length  of  those  locks.    You  have  not  maae  that  clear  at  all  to  me. 

Mr.  Bates.  Just  look  at  the  profile  there. 

Senator  Taliaferro.  Point  it  out  on  the  map  with  your  stick. 

Mr.  Bates.  That  is  not  a  profile,  sir.  This  is  a  profile  [indi- 
cating]. That  is  a  plan  of  the  lock,  and  this  is  an  elevation.  That 
is  the  Doring  point  there.  There  is  another  one  there,  and  there  is 
one  there  and  one  here  [indicating].  Those  are  all  the  borings  on 
that  site.  Then  we  have  one  more  showing  tliat  the  Gatim  gorge, 
the  deep  trough,  passes  under  the  end  of  the  approach  pier.  That 
is  what  makes  it  so  deep  down  to  the  rock. 

You  see  that  position  there  in  the  hill  that  the  lock  is  right  close 
to  the  brow  of  the  hill  there,  which  is  as  near  as  it  can  be  put  wifli 
safety.  I  tried  putting  it  nearer  in  this  plan  here,  and  you  can  see 
what  happened.  If  you  will  look  closely  at  this  model,  you  will  see 
a  1,000- foot  lock  superimposed  directly  over  it.  See  how  much  longer 
it  stretches.  There  is  the  end  of  the -lock  here  and  there  is  the  end 
there  [indicating  on  map].  If  you  lengthen  your  lock,  you  move 
the  position  of  the  upper  gate  toward  the  brow  of  the  hill  and  the 
approach  wall  is  put  out  so  far,  and  the  distance  from  the  bottom 
of  the  canal  to  the  rock  below  becomes  so  great  that,  so  to  say,  your 
whole  lock  structure  is  on  stilts. 

Senator  Taliaferro.  Why  can  you  not  go  on  down  to  the  rock 
bottom  ? 

Mr.  Bates.  If  you  want  to  go  down  with  unlimited  money. 

Senator  Taliaferro.  It  is  not  a  question  of  cost,  but  of  safety. 

Senator  Hopkins.  Your  objection  is  not  that  there  can  not  be  a 
three-lock  system,  but  that  it  is  going  to  be  expensive,  then  ? 

Mr.  Bates.  It  is  going  to  be  expensive  and  absolutely  hazardous; 
and  not  only  is  that  true,  but 

Senator  Hopkins.  How  can  it  be  hazardous  if  you  can  get  to  a 
rock  bottom  ? 

Mr.  Bates.  Can  you  get  to  a  rock  bottom  there,  at  140  feet 

Senator  Hopkins.  That  is  for  you  to  say. 

Mr.  Bates.  I  say  no. 

Senator  Hopkins.  How  deep  would  you  go  down  there? 

Mr.  Bates.  I  would  go  with  but  one  lock.  That  is  in  the  proj- 
ect  

Senator  Hopkins.  Yes;  I  withdraw  that  (question.  You  are  now 
criticising  the  three-lock  system  of  the  minority  ? 

Mr.  Bates.  Yes,  sir. 

Senator  Hopkins.  Does  their  system  of  locks  extend  out  into  the 
bay  there  as  you  have  pointed  out  on  your  map? 

Mr.  Bates!  Precisely.    That  is  directly  from  the  official  plan. 

Senator  Hopkins.  Yes.  How  far  out  into  the  bay  does  it  go  on 
that  projection  t 

Mr.  Bates.  That  projection,  from  there  to  there  [indicating],  is 
1500  feet. 

Senator  Taliaferbo.  So  that  you  withdraw  your  statement,  or 
modify  your  statement,  Mr.  Bates^  that  those  locks  can  not  be  length- 
ened in  that  position,  and  substitute  for  it  the  statement  that  they 
can  not  be  lengthened  without  great  cost? 
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Mr.  Bates.  Not  without  very  great  cost  and  without  very  great  in- 
crease of  hazard. 

Senator  Hopkins.  What  do  you  mean  by  "hazard?  "  Hazard  in 
what  way? 

Mr.  Bates.  The  hazard  relates  to  having  your  foundations  at  great 
depth  and  the  great  difficulty  of  reaching  those  foundations. 

Senator  Hopkins.  As  an  engineer  you  concede  that  it  can  be  done, 
do  you  not? 

Mr.  Bates.  I  concede  that  you  can  remove  mountains  if  you  have 
money  enough. 

Senator  Hopkins.  We  are  not  talking  about  mountains  now,  but  we 
are  going  the  other  way.  You  concede  that  they  can  go  down  140 
feet  to  rock? 

Mr.  Bates.  No,  sir. 

Senator  Hopkins.  Then  you  deny  that  they  can  do  that? 

Mr.  Bates.  Yes,  sir;  satisfactorily,  with  a  concrete  structure  of 
that  weight  and  height.  It  is  below  the  limits  of  possible  pneumatic 
work.    The  best  that  has  been  done  so  far  is  about  90  feet. 

Senator  Taliaferro.  Then  yen  adhere  to  your  proposition  that  it  is 
impossible? 

Mr.  Bates.  Yes,  sir. 

Senator  Kittredge.  Will  it  interrupt  you  if  I  ask  you  a  question? 

Mr.  Bates.  No,  sir. 

Senator  Kittredge.  In  regard  to  these  foundation^.  Have  you 
read  the  testimony  of  Mr.  Stevens,  the  chief  engineer? 

Mr.  Bates.  Yes,  sir. 

Senator  Kittredge.  Do  you  remember  his  statement  in  r^ffard  to 
the  foundation  of  the  locks  proposed  by  the  minority  and  himt 

Mr.  Bates.  I  do  not  recall  the  statement;  no,  sir.  You  mean  as  to 
where  he  would  locate  his  locks? 

Senator  Kittredge.  No;  where  the  foundation  of  the  locks  would 
be. 

Mr.  Bates.  No,  sir;  I  do  not  recall  it. 

Senator  Kittredge.  I  will  look  it  up  in  Mr.  Stevens's  testimony. 
You  need  not  stop  on  my  account.  I  will  look  it  up  while  you  are 
speaking. 

Mr.  Bates.  My  position  in  regard  to  locks  at  Gatun  and  their  prac- 
ticability is  that  there  is  ample  and  safe  room,  on  easily  reached  rock 
foundations,  for  one  long  lock  and  its  approaches,  and  that  there  is 
not  room  for  these  three  short  locks  and  no  room  for  further  enlarge- 
ment. 

Senator  Hopkins.  Did  you  point  that  out  to  the  engineers  in  pre- 
senting your  plan  ? 

Mr.  Bates.  No  one  ever  dreamed  of  a  three-lock  flight  at  Gatun 
when  that  plan  went  in. 

Senator  Hopkins.  When  your  plan  went  in  ? 

Mr.  Bates.  Yes,  sir;  here  is  another  point  I  want  to  mention: 
The  disadvantages  of  locks  in  flight.  It  is  not  practicable  to  use  a 
divided  lock  when  two  or  more  are  conjoined.  By  divided  locks  we 
mean  a  long  lock  with  an  intermediate  gate. 

Senator  Hopkins.  What  do  you  mean  by  an  intermediate  gate? 

Mr.  Bates.  If  you  have  a  lock  a  thousand  feet  long,  you  put  an 
intermediate  gate,  so  that  you  can  either  lock  a  vessel  4W)  leet  long  or 
one  660  long.    That  is  the  point 
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Senator  Hopkins.  TheVdo  have  such,  do  they  not? 

Mr.  Bates.  Oh,  yes.  They  have  been  provided  in  all  the  single 
locks  that  have  ever  been  considered  for  Nicara^a  and  Panama. 

Senator  Kittredge.  I  have  found  what  I  nad  in  mind  in  Mr. 
Stevens's  testimony.    Will  it  interrupt  you  if  I  read  it  here? 

Mr.  Bates.  Not  at  all. 

Senator  Kittredge.  I  read  from  page  978  of  the  testimony  of  Mr. 
Stevens,  chief  engineer : 

^  Senator  Gorman.  Under  that  plan  (referring  to  the  lock  plan  of 
the  minority)  the  foundation  of  your  lower  lock  must  be,  of  course, 
below  the  sea-level  part  of  your  canal? 

"  Mr.  Stevens.  \  es,  sir. 

**  Senator  Gorman.  What  sort  of  a  foundation  can  you  get  for 
this  immense  structure? 

"Mr.  Stevens.  Clay. 

"  Senator  Gorman.  You  would  trust  that  lock  on  a  clay  founda- 
tion, would  you  ? 

^  Mr.  Stevens.  Yes,  sir." 

Mr.  Bates.  Well,  I  will  explain.  Here  is  a  sample  of  the  clay  that 
he  had  in  mind.  [Exhibiting  sample  of  indurated  clay.]  It  is  a  very 
great  misnomer  to  call  this  clay.  We  lack  a  name.  I  got  that  boring 
when  I  was  at  the  Isthmus,  and  that  is  the  indurated  clay  rock. 
When  you  taste  it,  you  get  the  characteristic  taste  of  clay ;  but  it  is 
exceedingly  hard  and  dense,  and  forms  a  splendid  foundation;  and 
that  is  the  clay  rock  all  through  Gatun  Hill.  It  is  when  you  reach 
this  stuff  that  you  have  got  something  which  he  calls  clay. 

Senator  Drydex.  Do  you  agree  that  that  would  be  a  sufficient  foun- 
dation ? 

Mr.  Bates.  Oh,  splendid;  nothing  bettor. 

Senator  Kittredge.  You  say  that  that  is  the  clay  that  Mr.  Stevens 
refers  to? 

Mr.  Bates.  Precisely. 

Senator  Kiittredge.  And  at  what  depth  do  tliey  go  to  reach  that? 

Mr.  Bates.  In  these  borings  on  the  Gatun  Hill^  right  on  the  verge 
of  the  hill,  you  see  [indicating  on  map],  we  find  it  at  al^out  20  feet. 
Tlien  it  drops  off  immediately  into  tne  Gatun  Gorge,  which  is  208 
feet  deep  on  the  side  and  258  feet  deep  on  the  other,  as  shown  by 
your  profiles. 

Now,  then,  this  submerged  gorge — there  is  the  island  right  in  the 
center  here  [indicating  on  map] — ^has  one  path  leading  right  across 
this  way  and  another  one  leading  in  that  direction,  and  this  approach 
pier  comes  over  the  gorge,  and  the  brink  of  the  hill  is  right  on  the 
edge  of  it.  Then  the  rock  line  runs  from  20  to  30  feet  under  the 
??urface  down  the  hill  and  goes  under  the  morass,  and  all  the  way  to 
Mindi,  so  that  your  upper  20  feet  between  Gatim  and  Mindi  is  soft 
and  easily  dredgable  material;  and  as  soon  as  you  get  into  indurated 
clay  of  this  character  you  have  to  use  a  different  kind  of  plant  from 
what  you  would  use  on  the  upper  material. 

I  was  just  about  to  speak  about  the  disadvantages  of  a  flight  of 
three  locks  when  two  or  more  are  conjoined. 

Vessels  seeking  transit  will  range  from  the  little  coasting  steamer 
to  a  1,000-foot  liner.  In  the  lock  plans  of  the  minority  tiie  whole 
of  each  lock  must  be  used  at  each  passage.  This  is  a  great  waste 
of  lockage  water,  which  in  the  future  may  prove  serious.    It  takes 
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more  than  double  the  amount  to  pass  50,000,000  tons  of  shipping  if 
the  locks  are  separated  and  the  divided-lock  principle  can  he  em- 
ployed. This  is  oecause  85  per  cent  or  more  of  the  steamers  can  pass, 
by  using  one  of  the  sections  into  which  the  long,  single  locks,  pro- 
posed by  the  writer,  are  divided.  Thus  it  comes  that  the  tonnage 
capacity  of  the  Bates  projects  A  and  B  is  double  that  of  the  +85 
with  the  same  expenditure  of  water,  under  ordinary  conditioHs  of 
dispatching  vessels  across  the  Isthmus.  The  minority's  and  the 
Commission's  -f-85  plan,  therefore,  is  most  decidedly  inferior,  and, 
for  the  future,  menacingly  inadequate.  The  Board,  in  selecting  their 
+60-lock  plan^  put  a  lock  at  Bohio,  and  thus  threw  away,  because 
they  had  not  considered  the  Mindi  lock  site,  43  per  cent  of  the  lock- 
age water  which  the  rainfall  of  the  region  supplies. 

Here  is  the  situation:  In  order  to  have  the  greatc^st  capacity  for 
the  lock  canal  at  the  Isthmus  you  have  got  only  all  the  water  that  falls 
on  the  Isthmus  and  no  more.  From  jBohio  down  no  more  lockage 
water  would  be  available  than  that  which  fell  on  the  watershed  above 
Bohio.  If  you  put  your  lock  at  Gatun,  you  get  practically  all  the 
water  on  the  Istnmus,  except  from  a  little  watershed  of  the  JMindi. 
Consequently  it  is  bad  to  limit  the  lockage  water  supply  on  the 
Isthmus. 

There  can  not  be  any  more  natural  lockage  water  than  the  clouds 
give.    This  is  distinctly  limited,  as  the  records  reveal. 

Furthermore,  if  the  locks  are  separated  and  are  themselves  each 
divided,  it  becomes  possible  to  use  the  lock  either  in  full  lifts  for  the 
extra  long  ships  or  in  half  lifts  for  85  per  cent  of  the  commerce. 
When  the  half  lift  principle  is  utilized  but  half  as  much  water  is 
used  up;  and  here  again  the  divided  and  separated  locks  of  the 
projects  of  the  speaker  can  pass  double  the  tonnage  of  the  +85 
scheme,  and  are  by  so  much  more  decidedly  superior  to  all  the  others. 
It  is  a  sure  conclusion  that  the  divided  and  separated  lock  system  of 
"  B  "  gives  four  times  the  ultimate  canal  capacity  of  the  +85  project. 

I  never  would  put  but  one  lock  in  a  location.  I  believe  a  mght  of 
locks  of  two  or  three  is  dangerous.  It  is  all  right  for  small  canal 
boats,  but  when  you  are  dealing  with  masses  of  thirty  or  forty 
thousand  tons'  weight  you  must  have  room  to  stop  the  ship.  You 
have  only  to  go  up  on  the  Hudson  River,  at  one  of  the  piers  there, 
and  see  a  big  ship  coining  in,  to  realize  the  force  of  the  momentum 
of  one  of  those  large  vess3s. 

The  speaker's  divided  lock  has,  besides  the  ordinary  safety  gates 
and  provisions  for  cutting  off  flow,  a  gate  intermediate  in  the  lode 
chamber,  dividing  it  into  usable  sections,  say  about  425  and  550  feet 
long.  Thus  it  comes  that  the  intermediate  gate  is  a  real  safety  gate. 
When  one  considers  the  momentum  of  a  great  405000-ton  ship,  the 
safety  gates  of  the  minority  are  too  close  together  (only  80  feet 
apart) .'  Time  and  distance  are  required  to  stop  such  vessels.  Conse- 
quently the  divided  lock  is  the  real  way  of  security  from  over- 
running. 

In  safety  the  locks  planned  by  the  writer  are  decidedly  best  and 
are  free  from  the  certain  hazards  which  attach  to  the  fliffnt  of  three 
abridged  locks  on  Gatun  Hill,  each  already  too  small  to  pass  a 
"  new  Cunarder  "  safely  (much  less  the  vessel  "  25  per  cent  larger  "), 
which  the  minority  submit  and  the  Commission  indorse. 
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Senator  Knox.  Would  it  be  contemplated  to  move  these  great 
vessels  bv  their  own  power  in  that  restricted  space,  or  would  they 
be  moved  by  some  other  power — ^by  tugs  or  some  other  appliance  ? 

Mr.  Bates.  They  could  not  be  moved  by  tugs.  They  would  be 
moved  in  part  by  their  own  power  and  in  part  probably  by  winches. 

Senator  Taliaferro.  Steam  winches? 

Mr.  Bates.  Yes. 

I  am  going  to  speak  of  the  lower  diversion  channels  of  the  sea- 
level  scheme. 

LOWER   diversion   CHANNELS   OF   SEA   LEVEL. 

The  majority's  proposal  includes  diversion  channels  below  Gatun 
on  both  sides  of  the  canal. 

Gatyn'Manzanillo  Bay  division, — This  artificial  river  is  destined 
to  carry  the  low-water  and  high-water  flow  of  the  watersheds  of  the 
Hindi  and  Chagres  on  the  east  side  below  Bohio.  The  area  of  the 
east  and  west  drainage  basins  is  not  definitely  known,  but  it  is  esti- 
mated at  500  square  miles.  The  mean  annual  rainfall  is  137.67 
bches,  with  a  recorded  maximum  of  205.61  at  Bohio  in  1898. 

From  this  it  follows  that  the  mean  run-off  is  approjcimately  3.694 
cubic  feet  per  second,  or  77  per  cent  of  the  recorded  flow  past  Bohio. 
For  such  a  rainfall  as  occasioned  the  floods  of  1879,  1885,  1888,  and 
1893  no  observations  or  records  exist  to  establish  the  volume  contrib- 
uted to  the  Chagres  from  its  watershed  below  Bohio.  Having  re- 
gard to  the  known  higher  rainfall  of  this  area,  it  seems  eminently 
safest  to  reckon  the  contribution  to  be  77  per  cent  of  the  140,000 
cubic  foot-seconds  maximum  conceded  to  have  passed  Bohio  in  1879, 
or  100,100  cubic  foot-seconds. 

The  streams  from  the  east — ^the  Gatun,  etc. — are  nearly  the  size  of 
those  from  the  west — ^the  Trinidad,  etc.  The  mountain  source,  back 
of  Porto  Bello,  is  higher.  Therefore  we  may  take  it  that  at  least  half,, 
or  50,000  cubic  foot-seconds,  may  in  emergency  come  from  the  east 
and  50,000  cubic  foot-seconds  from  the  west. 

That  the  flow  in  this  diversion  shall  not  exceed  6  feet  per  second, 
above  which  velocity  the  diversion  banks  will  seriously  erode,  the 
diversion  must  have  an  area  of  iiLpn  =:  8,333  square  feet  But  this 
equals  a  channel  as  large  as  the  canal  itself.  If  it  be  20  feet  deep,  it 
must  be  417  feet  in  average  ^idth. 

Technically  such  volumes  mean,  with  the  small  diversion  channel 
proposed  by  the  Board,  either — 

1.  The  velocity  of  the  escaping  flood  must  seriously  and  irregularly 
erode  and  damage  the  banks  of  the  diversion  and  the  septum  separat- 
ing these  rapid  flowing  waters  from  the  navigated  channel,  or 

2.  The  impounding  of  a  large  lake  in  the  lower  vallev  of  the  Gatun- 
ciUo  higher  than  the  channel  between  Gatun  and  Bonio.  This  lake 
would  6b  separated  from  the  canal  channel  by  a  narrow  levee  8  miles 
long,  liable  to  crevasses  from  overtopping,  to  subsidence  into  the 
swamp  mud,  or  to  perforation  by  animals. 

Senator  Kittredge.  You  mean  the  channel  of  the  canal  ?* 

Mr.  Bates.  Yes,  sir.    It  either  must  escape  past  Gatun  through 

the  channel  or  it  will  pile  up  and  come  against  the  levees  separating 

tile  canal  from  the  low  area. 
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The  only  relief  from  this  condition  must  be  found  in  a  larger 
diversion  or  in  a  very  long  under-sluice  dam  connecting  the  Gatun 
spur  and  the  Tiger-Lion  group  of  hills,  thus  creating  another  lake 
basin  from  which  water  could  be  suffered  to  pass  out  gradually. 

The  meager  data  quoted  on  page  186  of  the  report  regaraing  the 
flood  records  to  1889  for  the  Gatuncillo  and  Trinidad  rivers  appar- 
ently fall  far  short  of  an  1879  maximum. 

On  the  west  side,  while  the  old  Chagres  bed  affords  a  large  enough 
way  for  the  overflow  of  the  high  permanent  lakes  filling  the  valleys  of 
the  Cano,  Gisante,  and  other  streams,  and  the  floods  of  the  Trinidad, 
the  western  diversions  should  have  a  large  cross  section  to  assure  a 
proper  factor  of  safety.  Hence  it  follows  that  the  majority  pro- 
visions— ^technical,  financial,  and  for  maintenance — for  this  14^  miles 
of  eastern  diversion  are  wholly  inadequate. 

It  would  take  a  canal  passing  Gatun  20  feet  deep  and  417  feet  wide, 
or  a  channel  equal  in  area  to  that  of  the  main  canal  itself,  to  carry  off 
the  flood  water  coming  from  the  Gatuncillo  watershed  in  the  case  of 
such  a  flood  as  that  of  1879. 

The  writer  subscribes  to  the  view  that  the  Commission  in  adding 
but  $6,500,000  to  the  sea-level  estimate  was  very  conservative. 

MINDI   GAP   AND   RANGE   AND    CHAGRES   RIVER  BELOW   GATUN. 

The  advisory  report  refers  in  these  terms  to  these  first  vital  land 
features  encountered  beyond  Limon  Bay  (pp.  25  and  26)  : 

"  It  early  became  apparent  that  additional  information  was  desir- 
able relating  particularly  to  the  possible  dam  and  lock  sites  at  Mindi, 
Gatun,  and  in  the  vicinity  of  La  Boca.  The  Board  requested  the 
Isthmian  Canal  Commission  to  have  further  examinations  made,  as 
follows : 

"  1.  On  the  Mindi  line  the  examination  to  be  topographic  with  re- 
spect to  the  ridge  line  to  the  east  of  the  Mindi  through  to  Jaramillo 
Hill,  thence  to  the  shores  of  Limon  Bay,  in  order  to  develop  any  low 

E asses  communicating;  with  the  Chagres  River,  and  over  the  Jaramillo 
[ill  near  the  high  ridge  line  to  the  Chagres  River  and  across  the 
same,  connecting  with  the  high  land  to  the  west  of  the  Chagres.  This 
examination  to  be  carried  up  to  elevation  50." 

With  reference  to  the  Mindi  location,  Mr.  F.  B.  Maltby,  division 
engineer,  reported : 

"  On  the  west  side  of  the  canal  the  high  ground  is  continuous  from 
the  Jaramillo  Hill  to  the  Chagres  River.  *  *  *  From  a  personal 
examination  I  am  quite  sure  that  a  point  can  be  found  in  this  .vicinity 
where  the  distance  across  the  Chagres  Valley  to  an  elevation  of  at 
least  50  feet  is  not  more  than  3,000  feet." 

You  observe  that  the  Chagres,  after  passing  Gatun,  runs  in  a  nar- 
row valley  with  numerous  spurs  running  down  from  either  side. 
Neither  the  French  nor  any  American  commission  has  ever  made  a 
survey  or  boring  in  there.    I  have  had  it  examined  myself. 

"  I  think  it  more  than  probable  that  surveys  would  develop  a  pos- 
sible crossing  of  a  shorter  length.  On  the  east  side  of  the  diversion 
at  Mindi  the  hills  are  simply  isolated  knolls  for  a  distance  of  half  a 
mile  east  from  the  diversion  channel.  From  these  there  is  a  con- 
tinuous ridge  which  is  very  much  broken  in  elevation,  but  in  which 
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there  is  no  point  which  has  an  elevation  of  less  than  about  40 
feet."    *    *     * 

You  have  this  hill  here  [indicating  on  map],  and  between  this  hill 
and  Mindi  is  a  succession  of  nine  tnolls  rising  to  a  height  of  60 
feet;  and  they  are  from  100  to  200  feet  apart. 

"It  thererore  seems  possible  that  should  such  a  project  be  con- 
templated, a  dam  might  be  built  from  the  Jaramillo  Hills  across 
the  canal,  connecting  the  various  hills  as  far  as  the  east  diversion 
opposite  Mindi.  From  there,  for  a  distance  of  half  a  mile,  it  is 
probable  that  a  dam,  having  a  base  at  an  elevation  of  only  5  or  6 
feet  above  the  sea,  would  require  construction  for  half  the  distance. 
In  addition  to  this  there  would  be  a  dam  across  the  Chagres  River 
of  about  3,000  feet  in  length."  ' 

In  the  Maltby  report  the  asterisks  represent  the  following  omitted 
sentences : 

(1)  "  This  is  the  first  hill  on  the  right  that  we  saw  when  we  went 
down  the  Chagres  River." 

(2)  "  I  have  not  had  the  time  to  prepare  any  maps  showing  this 
work,  and,  in  fact,  after  what  we  have  done  is  plotted  it  will  show 
very  little  on  a  map,  as  it  is  simply  a  single  line  run  irregularly,  keep- 
ing at  all  times  on  the  high  ground,  where  such  ground  existed." 

There  is  also  the  following  unpublished  letter : 

Isthmian  Canal  Commission, 
Department  of  Engineering  and  Construction, 

Office  of  Division  Engineer, 

Cristobal,  October  26,  1905. 
Gen.  George  W.  Davis, 

Chairman  Consvlting  Board  of  Engineers, 

Washington,  D,  C. 
Sib:  I  have  the  honor  to  inclose  herewith  blueprint  of  a  map,  scale 
1 : 3,000,  from  the  vicinity  of  Mindi  River  to  Gatun. 

This  map  shows  the  results  of  some  recent  investigations  made  con- 
cerning the  possibilities  of  a  dam  at  Mindi  and  a  possible  relocation 
of  the  Panama  Railroad  to  mount  the  elevation  which  would  be 
created  by  the  construction  of  the  Gatun  dam. 

There  is  also  a  profile  showing  the  elevation  of  the  ground  along 
the  line  B  or  from  the  west  side  of  the  canal  at  Jaramillo  Hill  to  con- 
tinuous high  ground  on  the  east. 

Also  a  profile  along  line  A  showing  a  possible  relocation  of  the 
Panama  Railroad. 

As  stated  in  my  letter  of  October  21,  the  Jaramillo  Hill  is  continu- 
ous to  the  Chagres  Valley,  and  the  crossing  of  the  Chagres  Valley 
proper  can  be  had  with  a  length  of  not  over  3,000  feet. 
Very  respectfully, 

F.  B.  Maltby,  Division  Engineer, 
Copy  to  chief  engineer. 

The  report  details,  page  124 : 

"Thursday,  October  5,  the  members  of  the  Board  took  train  at 
8  a.  m.,  proceeded  to  Mindi,  where  they  disembarked  and  climbed 
the  hills  to  the  eastward  of  the  canal  .overlooking  the  country,  and  ex- 
amined possible  sites  for  locks  and  dams;  returned  to  the  tr«i"  «n«^ 
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proceeded  to  Gatun,  where  the  hills  in  that  vicinity  were  climbed  and 
a  view  of  the  country  obtained. 

"  Messrs.  Davis,  Abbot,  and  Quellennac,  accompanied  by  General 
Ernst,  went  by  train  to  Gatun,  thence  by  launch  to  the  mouth  of  the 
Chagres  River,  thence  by  sea  to  Limon  Bay,  skirting  the  west  and 
south  shores  of  the  bay  to  the  mouth  of  the  Mindi ;  entering  the  same, 
proceeded  through  the  canal  to  Gatun,  and,  returning  over  the  same 
route,  passed  out  again  into  the  bay  and  returned  to  the  ship. 

"  The  weather  during  the  first  five  days  of  the  stay  of  the  Board 
on  the  Istlimus  was  exceptionally  pleasant,  thus  facilitating  the  ex- 
cursions that  have  been  recorded.  On  Monday  it  commenced  to  rain, 
and  the  rains  continued  remittingly,  but  in  large  volume,  until  the 
Bqard  left  the  Isthmus  on  Wednesday  evening.  The  Board  thus  had 
an  opportunity  to  observe  the  country  under  favorable  conditions 
and  also  when  the  flow  of  the  rivers  was  very  much  increased  by  the 
heavy  rainfall." 

An  engineer  detailed  to  examine  the  Mindi  site  for  a  terminal  dam 
therefore  reported  its  width  less  and  its  configuration  far  more  favor- 
able than  even  the  previous  data  had  shown. 

The  advisory  board  made  the  cursory  examination  which  its  report 
recounts.  At  its  request  !Mr.  Maltby  was  assigned  to  make  a  simple 
reconnoissance  without  borings  east  and  west  from  Jaramillo  Hill 
and  across  the  Chagres.  Those  on  the  Mindi  dam  site  eastward  from 
Jaramillo  Hill  indicate  that  indurated  clay  rock  is  comparatively 
close  to  the  surface  all  the  short  way  across.  There  is  no  Bohio  or 
Gatun  geologic  gorge  at  the  Mindi  Gap,  and  nothing  to  prevent  a 
masonry -core  dam  or  a  perfectly  tight  rock-and-earth-fiU  dam  here, 
or  the  rock-founded  under-sluice  barrage,  as  projected  by  the  writer. 
He  also  found  that  to  dike  the  Chagres  and  make  the  35.5-foot  lake 
there  was  needed  a  dike  only  SfiOO  feet  lon^. 

That  is  the  place  where  the  French  first  encountered  rock,  and 
which  sticks  up  70  feet  above  the  water.  Numerous  borings  have 
been  made  across  that  site,  so  that  we  know  practically  that  the  clay 
rock  is  closer  to  the  surface  there  at  Mindi  than  at  any  other  dam 
site  on  the  whole  Isthmus,  except  one  on  the  Pacific  side. 

Across  the  Chagres  Mr.  Maltby  finds  the  crossing  from  hill  to 
hill  at  the  -j-50-foot  contour,  but  3,000  feet  or  less  most  probabh\ 
At  Gattin  it  is  1,675  feet  more,  or  4,675  feet  between  these  same  50 
foot  contours.     There   are  4  miles   of  the   Chagres   below   Gatun 

Sractically  unexplored  as  to  dam  sites;  places  narrower  than  at 
atun  between  spurs  of  indurated  clay  rock.  What  right  has 
anyone  to  conclude  that  because  it  is  258  feet  to  rock  at  Gatum  it 
is  the  same  or  more  in  thase  4  miles  of  river  coursing  among  jumbled 
hills  and  spurs  on  either  side,  which  mav  be,  and  probablv  is,  a  later 
uplift? 

The  water-borne  deposit  being  lower  down  the  river,  must  be 
more  dense  and  le&s  pervious,  no  matter  how  deep.  Be  it  remembered 
that  the  dry  dock  at  Colon,  so  much  quoted  for  its  demonstration  of 
the  impermeability  of  indurated  clay,  and  Mindi  and  the  Indio,  arc 
closer  to  the  sea  than  Gatun.  The  utilization  of  the  Mindi  Gap  and 
the  Chagres  crossing  is  the  key  to  the  best  lock  canal. 

This  record,,  meager  as  it  is,  is  neverthelass  more  than  appears  any- 
where in  French  or  American  canal  official  publications.  The  ad- 
vising engineers  are  pioneers,  albeit  they  did  not  stop  and  go  ashore 
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anywhere  and  conducted  their  explorations  at  8  miles  an  hour  in  a 
launch,  in  a  blinding  rainstorm. 

On  October  5  the  distinguished  party,  which  alighted  from  the 
train  on  the  eastward  side  of  Mindi  Gap,  and  a  poor  place  from 
which  to  observe  "  possible  sites  for  locks  and  dams,"  saw  but  little 
more  of  the  sites,  which  the  writer  brought  forward,  than  if  they 
had  remained  in  Washington.  The  district  is  an  uncleared  jungle, 
where  the  actual  configuration  of  the  ground  is  not  visible  a  dozen 
yards  away.  The  great  advantage  of  a  lake  above  Mindi  makes  a 
consideration  of  this  site  of  vital  necessity. 

Here  is  the  situation:  In  order  that  there  shall  be  sufficient  lock- 
age water  for  the  future  needs  of  a  lock  canal  the  waters  of  the 
Cnagres  and  all  its  tributaries  must  be  impounded  in  a  lake  created 
below  where  the  rivers  Trinidad  and  Gatuncillo  come  in.  A  dam  at 
Bohio  does  not  include  these  tributaries,  and  so  can  not  give  suffi- 
cient lockage.  Hence  the  impounding*  summit  level  dam  must  be  at 
or  below  Gatun.  The  only  way  to  impound  below  Gatun  is  across  the 
Mindi  Grap  and  Chagres  Gap.  If  a  two-lock  canal  is  to  be  built,  and 
it  is  the  one  most  easily  transformable  into  a  sea-level  waterway,  the 
Atlantic  lock  must  be  either  at  Mindi  Gap  and  Chagres  or  Gatun. 

If  a  four-lock  canal  is  to  be  made  and  the  locks  not  placed  in  flight 
one  above  another,  a  serious  combination  and  one  most  to  be  avoided 
where  great  ships  are  concerned,  the  locks  must  be  at  Mindi  and  Gatun. 

There  is  no  escape  from  these  conclusions  and  never  has  been. 

Senator  Kittredge.  Why  is  it  necessary  to  depart  from  the  propo- 
sition of  the  minority  in  regard  to  their  plan  in  that  regard? 

Mr.  Bates.  The  reason  is  simply  that  they  have  their  locks  in 
flight. 

Senator  ICittredge.  What  harm  is  there  in  that? 

Mr.  Bates.  Very  serious  dangers  of  overrunning;  and  the  very  fact 
that  you  can  not  use  the  intermediate  gates.  That  is,  when  you  put 
your  locks  in  flight  you  immediately  reduce  your  lockage  water.  The 
single  lock  at  IVfindi  and  at  Gatun  gives  the  highest  possible  lockage 
capacity ;  and  you  limit  your  lockage  capacity  as  soon  as  you  put  locks 
in  flight,  because  you  can  not  lock  your  small  ships  without  using  the 
whole  lock,  and  consequently  using  up  water.     If  you  put  in  a  tor- 

Eedo  boat  you  uSe  more  water  than  for  a  1,000-foot  ship  where  you 
ave  locks  in  flight.  If  they  are  not  in  flight,  if  they  are  separate 
and  divided  with  an  intermediate  gate,  then  you  can  lock  your  small 
boat  in  half  your  lock,  or  two-fifths  of  it,  just  as  you  make  your  pro- 
portion. So  that  there  are  chances  of  the  economy  of  the  water 
where  you  have  a  separate  lock  system  which  do  not  obtain  where 
you  have  them  conjoined.  So  that  the  scheme  of  the  minority  with 
locks  three  in  flight  here  [indicating  on  map]  and  two  in  flight  at 
Sosa  has  about  the  least  lockage  capacity  of  any  canal  you  could 
devise  on  the  Isthmus. 

Senator  Dryden.  Do  you  question  the  suflScienc}^  of  the  water  for 
this  purpose  ? 

Mr.  Bates.  Yes,  sir — that  is,  I  qu(?stion  the  sufliciency  of  the  water 
when  you  come  to  very  large  tonnage  in  the  far  future  time.  I  think 
that  for  the  first  ten  or  twenty  years,  as  I  have  shown  in  this  book  of 
mine,  you  will  have  ample  water ;  but  when  you  have  a  lock  canal, 
you  are  committed  to  a  lock  canal.  There  is  only  one  canal  that  can 
be  transformed  at  any  reasonable  expense,  and  that  is  a  two-lock 
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canal.  If  you  have  what  is  shown  on  this  one  here,  a  lock  at  Mindi 
and  one  where  the  majority  has  put  it  at  Sosa,  then  you  have,  we  will 
say,  a  lock  canal  at  an  elevation  of  plus  30  or  35  above  sea  level,  one 
summit  from  lock  to  lock,  and  that  is  40  feet  deep.  Then  you  are 
within  the  dredging  limit.  You  can  dredge  tp  a  depth  of  from  70  to 
75  feet;  they  are  doing  that  in  the  California  mines  now.  That  is 
the  maximum  dredging  depth  that  I  know  anything  about;  so  that 
it  would  be  entirely  feasible  to  transform  a  two-lock  canal,  but  it  is 
not  feasible  to  transform,  except  at  a  very  prohibitory  expense,  a 
canal  with  more  than  two  locks.  The  water  will  get  so  deep  in  the 
lake  that  you  can  not  dredge  it. 

Senator  Kittredge.  By  a  two-lock  canal,  do  you  mean  a  lock  at 
either  end  ? 

Mr.  Bates.  Just  a  lock  at  either  end.  I  made  two  projects — one 
of  them  with  a  lock  at  either  end,  making  simply  the  end  lakes,  and 
another  with  four  locks,  putthig  one  of  them  at  Gatun  and  the  other 
at  Pedro  Miguel.  The  reason  for  that  is  very  simple.  I  can  illus- 
trate it  by  using  the  fingers  of  one  hand  [illustrating*].  Your 
isthmus  has  four  longitudinal  ridges  and  consequently  three  valleys. 
If  you  turn  to  the  old  reports  and  all  previous  plans,  you  will  see 
that  they  had  a  central  lake  at  Bohio  and  a  sea  level.  There  are 
only  four  things  you  can  do,  and  every  scheme  has  to  be  some  modifi- 
cation of  those  four  things:  (1)  A  sea  level, cutting  through  all  four 
of  the  ridges;  (2)  a  center  lake  scheme,  with  sea-level  ends;  (3)  a 
scheme  with  the  two  end  valley  lakes,  or  (4)  the  combination  of  the 
two  end  lakes  and  the  central  lake. 

Senator  Taliaferro.  Why  not  go  down  from  the  Atlantic  and  have 
a  sea-level  canal  on  this  side  up  to  one  side  of  the  mountain,  and  up 
to  that  point  [indicating  on  map],  and  from  the  foot  of  the  mountain 
in  the  Culebra  cut  a  sea-level  canal  to  the  Pacific? 

Mr.  Bates.  Then  you  would  have  a  lake  in  the  center. 

Senator  Taliaferro.  No  ;  no  lake. 

Mr.  Bates.  Then  you  would  have  a  sea-level  canal  all  the  way ! 

Senator  Taliaeerro.  No. 

Mr.  Bates.  Oh,  this  lake  in  there  [indicating  on  map]  ?  Yes,  sir; 
that  is  a  sea  level  all  the  way. 

The  plans  I  have  just  mentioned  are  the  onlj  -four  that  can  be 
suggested.  Every  other  plan  is  some  modification  of  one  of  those 
four  plans.  Before  this  time  all  the  schemes  of  the  French  and  of  the 
Isthmian  Commission  that  have  been  considered  have  had  simply 
the  central  lake  scheme.  This  scheme  of  the  minority  is  the  very 
first  one  in  which  an  end-lake  scheme  appears. 

Senator  EIittredge.  What  did  you  characterize  it?  What  sort  of 
a  lake  ? 

Mr.  Bates.  An  end  lake;  because  they  are  at  the  two  ends. 

Senator  Morgan.  Your  plan  contains  four  dams,  if  I  understand 
it — one  at  Mindi,  one  at  Bonio,  one  at  Gamboa,  and  one  at  Miraflores. 
Is  that  correct? 

Mr.  Bates.  No,  sir;  on  the  Panama  side  there  is  one  dam  at  La 
Boca  and  a  lock  at  Sosa  Hill  that  creates  a  lake  that  I  call  Lake 
Panama.  At  this  point,  Pedro  Mi^el,  is  a  lock  and  undersluice  dam. 
At  Gatun  there  is  a  dam ;  at  Mindi  there  is  a  dam.  That  makes  four 
dams  across  the  Isthmus. 

Senator  Hopkins.  Whose  plan  is  that — the  four  dams? 
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Mr.  Bates.  That  is  mine.  The  aggregate  length  of  the  two  dams 
at  Mindi  and  Chagres  is  not  as  great  as  that  at  Gatun.  Then,  a  dam 
hi  Gratun.  The  level  of  this  laKe,  from  here  to  there  [indicating  on 
map],  will  be,  say,  plus  30  to  33.  The  level  at  Gatun  is  plus  62  above 
sea  level.  So  that  on  none  of  the  dams  do  I  have  a  head  of  over  30  to 
32  feet 

Senator  Morgan.  You  have  no  dam  at  Bohio  at  all? 

Mr.  Bates.  No.  sir;  because  I  think  that  in  putting  a  dam  at  Bohio 
you  limit  the  lockage  supply,  so  that  I  should  utterly  abandon  that 
site.    That  is  reason  enough. 

Senator  Hopkins.  Have  you  investigated  it  enough  to  know 
whether  there  would  be  any  aifficulty  in  making  a  dam  at  Bohio  t 

Mr.  Bates.  I  think  you  can  make  a  Morrison  type  of  dam — that  is, 
combined  earth-filled  and  rock-filled  dam — at  Bohio. 

Senator  Hopkins.  So  that  it  would  be  all  right? 

Mr.  Bates.  Yes;  you  can  build  a  Morrison  type  of  dam  at  Mindi 
here,  and  at  Gatun,  and  at  Bohio,  and  over  here — anywhere. 

Senator  Kittredoe.  Mr.  Bates,  why  not  put  a  double  lock  at  Gatun 
instead  of  one  at  Mindi  and  one  at  Gatun,  as  you  propose? 

Mr.  Bates.  The  objection  1  would  have  to  that  is  this — ^there  are 
two  or  three:  In  the  first  place  I  would  like  to  make  a  combined  salt 
and  fresh  water  harbor.  In  the  next  place  I  do  not  want  to  put  on 
any  earth  and  rock  fill  dam  on  the  Isthmus  a  head  of  over  35  feet. 

Senator  Kittredoe.  Why? 

Mr.  Bates.  Because  I  think  that  it  is  not  safe. 

Senator  Kittredoe.  In  what  respect? 

Mr.  Bates.  If  it  should  be  shattered  by  an  earthquake,  for  in- 
stance, you  can  repair  a  dam  whose  head  is  only  33'  or  34  or  35  feet, 
because  you  can  put  material  into  that  dam  by  mechanical  means, 
but  just  as  soon  as  you  have  increased  the  lift  from  that  surface  oi 
the  water  on  the  dredge  over  35  feet  you  have  got  into  the  realm  of 
experiment  where  nobody  has  ever  gone.  I  do  not  believe  in  mak- 
ing experiments,  sir. 

Senator  Kittredoe.  You  say  "  in  the  realm  of  exp^iment?  " 

Mr.  Bates.  Yes,  sir. 

Senator  Kittredoe.  Do  you  mean  that  there  are  no  locks  with  a  lift 
aggregating  60  feet? 

Mr.  Bates.  No;  I  do  not  know  of  any  with  that  lift;  but  on  the 
other  hand,  whenever  you  make  a  single  lock  that  would  lift  as 
much  as  60  feet  you  use  an  extraordinary  quantity  of  lockage  water. 
For  instance,  one  of  the  early  projects  down  at  Panama  was  to  have 
a  lock  at  Bohio  100  feet  high  in  one  single  lift.  It  was  utterly  given 
up  because  they  recognized  that  every  time  you  locked  a  vessel  that 
only  drew  24  or  25  feet  yqu  would  be  using  up  75  feet  of  water  under 
that  ship. 

It  passes  understanding,  therefore,  why  this  board  and  this  Com- 
mission, like  every  one  of  their  predecessors,  have  failed  to  crasp  and 
act  oflScially  upon  the  supreme  importance  of  knowing  all  there  is 
to  know  of  these  localities  and  of  any  other  possibilities  that  may  exist 
yet  undiscovered  for  shortening  the  canal  or  reducing  its  curvature  in 
the  narrow  ridge  from  Jaramillo  Hill  westward. 

There  remains  not  one  particle  of  doubt  that  by  means  of  short,  low, 
safe  IVCndi  and  Chagres  dams,  identical  in  their  principles  of  con- 
struction with  those  advocated  by  Mr.  Morrison  and  by  tne  minority 
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and  by  the  writer,  a  lake  can  be  made  with  an  elevation  up  to  +33.5 
feet,  and  possibly  higher,  below  Gatun.  And  also  there  is  no  question 
that  the  loundations  will  be  better  than  at  either  Gatun  or  Bohio. 

With  this  conceded,  Jaramillo  Hill,  the  site  of  Balboa,  becomes 
beyond  dispute  the  best  and  only  Atlantic  terminus,  which  should  be 
deemed  permanent.  It  is  surrounded  by  the  fresh  and  salt  water 
harbors,  and  its  selection  gives  the  shortest  canal  course  between  the 
two  ocean  dispatching  stations  hy  6  good  miles^  over  both  the  majority 
and  minority  Colon-saving  schemes. 

Colon  is  useful  during  construction;  no  longer;  and  Balboa  will ' 
be  a  city  wholly  of  these  United  States ;  not  like  Colon,  located  on 
foreign  soil. 

The  writer  concludes  that  up  to  Gatun  there  can  be  few  dissidents 
to  the  adequacy  of,  and  a  preierence  for,  his  terminal  city,  dam  and 
lock  sites,  and  for  the  terminal  lake  and  the  naval  station.  It  is  cer- 
tain that  his  contract  estimates  are  fairer  and  safer  than  those  of  the 
Board  or  its  minority. 

GAMBOA   DAM. 

We  have  been  brought  by  this  comparative  analysis  and  criticism 
to  the  high  lakes,  which  the  majority  propose  to  create  in  the  Val- 
leys of  the  Cano  and  Gigante.  One  must  yield  the  palm  of  original- 
ity to  this  engineering  feature,  which  is  to  be  found,  the  writer  be- 
lieves, nowhere  before  in  the  troubled  annals  of  the  canal's  engineer- 
ing history,  for  disposing  of  floods  in  the  western  watershed  of  the 
Chagres. 

Two  superfluous  dams  with  the  perpetual  menace  inherent  in  great 
permanent  heads  conceived  to  make  lakes  overflow  their  margins  at 
spots  never  visited  and  never  even  surveyed.  The  idea  is  scintillant. 
It  is  a  transference  to  new  pastures  of  the  old  eastern  impounding 
scheme  of  the  last  engineering  committee  with  its  great  tunnel  sub- 
way. 

This  heralded  tunnel  (smiled,  be  it  noted  now,  out  of  court)  gives 
place  to  an  unflersluice  dam  at  Gamboa,  much  huger  than  the 
writer's,  but  of  the  Assouan  type.  (Vide  remarks  of  the  chairman  on 
the  occasion  when  the  Board  divided  8  to  5  on  the  type.) 

"  They  (the  floods)  no  longer  menace  anything  or  anybody,  but 
the  water  serves  a  beneficial  purpose  by  its  distribution  over  agricul- 
tural land.  One  of  the  largest  rivers  in  the  world,  the  Nile,  having 
a  measured  flood  discharge  many  times  greater  than  the  gauged  or 
estimated  flow  of  the  Chagres,  has  come  under  the  complete  control 
of  men  by  works  that  were  easily  accomplished  in  less  time  than  the 
engineers  estimated. 

^'  I  have  the  feeling  that  the  Chagres  control  will  be  easily  attained 
in  the  sense  we  use  the  words  respecting  the  attainment  of  large 
things,  and  that  difficulty,  to  my  mind,  is  of  less  and  less  importance 
as  we  better  understand  the  conditions.  A  few  years  ago  we  knew 
little  about  it,  but  now  the  physics  and  hydraulics  of  this  stream  are 
probably  as  well  known  as  those  of  any  river  in  the  world,  and  we  can 
measure  the  due  proportion  and  outlay  for  works  for  its  control.  It 
mav,  perhaps,  cost  as  much  as  it  did  to  make  the  dam  at  Assouan,  on 
the  Nile." 
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This  has  a  familiar  note.  We  quote  from  page  71  of  the  Bates 
presentation  to  the  Board  introducing  the  Assouan  type  of  dam : 

"  In  projecting  dams  of  this  tvpe  at  Cano,  Alhajuela,  and  Gamboa, 
as  well  as  at  Mindi  and  Sosa  ftarrages,  cognizance  is  taken  of  this 
inspiring  mile-and-a-quarter-wide  demonstration  that  a  continental 
river  may  be  valved  as  a  water  pipe  and  may  as  perfectly  perform  its 
allotted  task.  The  Assouan  dam,  however,  had  as  its  function  to 
impound  a  large  volume  of  clear  Nile  w^ater  and  to  let  it  out  OTad- 
iially  during  the  irrigation  season,  after  allowing  the  early  silt-bear- 
ing floods  to  pass. 

**The  reversal  of  this  duty  is  proposed  by  the  author  for  the 
Panama  sluice  dams.  What  is  here  required  is  to  catch  and  hold 
the  high  floods  and,  by  maneuvering  the  sluices,  let  them  run  off  grad- 
ually and  harmlessly." 

Also  from  page  93,  Bates  Report: 

^  By  electrically  manipulating  their  sluices  the  levels  of  Lakes 
Chagres  and  Panama  can  be  raised  and  lowered.  They  can  be  re- 
ilnc^  to  a  sea  level  or  even  below." 

The  volume  per  linear  foot  of  such  a  dam  at  Gamboa  varies  ap- 
proximately as  the  square  of  the  head  plus  45,  the  distance  from  the 
high-water  mark  to  the  rock  line. 

Hence  we  have — 

Gamboa  sea-level  dam  (170)  ■=28,900. 
Gamboa  Bates  clam  (109)''-:  11, 881. 
Alhajuela  Bates  dam  ( 109)«=11,881. 
Cano  Bates  dam  (109)  ==11,881. 

But  the  three  smaller  dams  are  besides  each  much  shorter  than  the 
high  dam.  It  follows  that  the  Gamboa,  Alhajuela,  and  Cano  dams 
of  Project  B,  taken  all  together  do  not  equal  the  monumental  volume 
of  the  vast  concrete  structure  proposed  by  the  majority. 

The  v.riter  deprecates  dependence  upon  the  integrity  of  one  unit 
and  believes  that  the  world's  experience  in  distributing  risks  over 
several  units  is  profoundly  wise. 

EAUTH   AND  BOCK    FILL   DAMS. 

For  purposes  of  comparison  the  following  tiible  is  inserted: 
Approj'imafe  comparative  lenglhs  and  rolumes  of  earth  dams. 


Project  h.  i  Minority  +85. 

<i^^,_     i  Length.,  Head.,     ^^^l     '  Length.  I  Head. 


Fc€.t,  '     Fed. 

Mfndi 1,500,000  I        3,800        33.5    | '..J 

Cbagrw 3.000,000  3,000  i      83.5    

r»atan 4,635,000  5,000        29.0     21,200,000  7,700  85 

Pt^roMiguel | i    1.100,000  2,000'  30 

LaB<jca 1,300,100  4,200'      26.5  ;    6,300,000  4,800         .     55 

I                      I                  I      36.5  I  66 

Ancon-Sosa '        1,750  |  55. 

I  I  6S 
I    5,980,000  ,        5.600  55 


Ancon-Corozal. 


21,8.50    . 


274  IKVESTIQATION   OF   P^KAMA  CANAL  MATTEBS. 

The  sea  level  has  over  60  miles  of  levees  separating  the  canal  from 
the  diversions.  Besides  these  continuous  levees  the  scheme  embraces 
high  dams  of  quite  unknown  and  unTneasured  lengths^  impounding 
great  permanent  lakes,  in  the  valleys  of  the  Cano  and  Gigante.  The 
sea-level  diversions  are  all  exposed  to  erosion.  Thus  it  appears  that 
the  85  has  one  more  earth  dam  than  has  "  B."  It  has  four  dams  with 
several  times  the  net  head  and  height.  The  minority  dams  are  about 
5,260  feet  longer,  and  they  total  24,145,000  cubic  yards  more  than 
"B's."  The  minority  use  the  same  formula  of  design,  but  include 
at  Gatun  35  feet  additional  height  of  debatable  utifitpr.  Attention 
is  invited  to  the  graphic  diagrams  from  PI.  VII  of  the  Board's 
report  disclosing  comparative  cross  sections  of  the  dams  and  their 
positions.  No  one  can  gainsay  that  the  unit  prices  for  building  the 
small  dams  must  be  lower  than  for  building  the  high  ones.  This  is 
why  the  writer  refuses  utterly  and  emphatically  to  subscribe  to  a  com- 
mon scale  of  unit  prices.  A^  common  scale  is  a  sheer  absurditj^  from 
an  executive  standpoint.  But  everyone  seems  to  repeat  this  mislead- 
ing error,  and  on  this  fallacious  premise  criticisms  are  based. 

Means  and  methods  of  execution  must  and  will  differ  with  every 
plan.  Prices  will  be  very  markedly  determined  by  these  means  and 
methods. 

ESTIMATES   FOR  SANITAIION,   ZONE,   GOVERNMENT,   ETC. 
ESTIMATES. 

Premise:  Neither  majority  nor  minority  have  included  in  the 
estimate  for  building  the  canal  sanitation  or  Zone  government. 
These  items  must  be  added  therefore  to  their  announced  ngures. 

(Report  of  the  Board  of  Consulting  Engineers,  p.  148:)  ''After 
considerable  discussion  of  the  estimates  submitted  in  the  report  with 
reference  to  the  20  per  cent  allowed  for  contingencies,  etc.,  JVIr.  Par- 
sons moved  a  reconsideration  of  the  following  resolution,  which  was 
adopted  during  the  twenty-fourth  meeting: 

"  Resolved,  That  we  add  to  the  estimates  based  upon  the  unit  prices 
the  sum  of  20  per  cent  for  administration,  engineering,  sanitation, 
and  contingencies,  exclusive  of  interest  during  construction,  expenses 
of  the  Zone  government  and  collateral  costs. 

"  The  motion  to  reconsider  the  resolution  was  carried  unanimously. 

"  Mr.  Burr  then  moved  to  amend  the  resolution  to  make  it  read  as 
follows : 

"  Resolved.  That  we  add  to  the  estimates  based  upon  the  unit  prices 
the  sum  of  20  per  cent  for  administration,  engineering,  and  contin- 
gencies, exclusive  of  interest  during  the  construction,  sanitation, 
expenses  of  the  Zone  government,  and  collateral  costs. 

"  The  motion  to  amend  was  unanimously  adopted. 

"  Sanitation,  expenses  of  Zone  government,  and  collateral  cost?. 
How  much  must  be  added  ?  " 

For  the  year  1905,  with  few  or  no  men  at  work  actually  digging, 
•and  with  less  than  half  the  force  which  will  be  apparently  employed 
when  excavation  is  really  in  progress,  the  above  items  were  as  follows: 


102. 
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'material,  supplies,  and  equipment  and  cost  of  purchase,  handling 
and  transportation ' — ^say,  $100,000  per  annum.  It  would  seem  that 
during  construction  (whatever  betide  the  department  afterwards) 
a '  sanitation  and  Zone  government '  estimate  of  $1,000,000  per  annum 
for  a  lake  canal  and  $1,250,000  for  the  sea  level  is  conservative. 
There  is,  therefore,  to  be  added  to  the  minority's  total  for  its  85 
scheme,  'nine  years  at  $1,000,000,  $9,000,000; '  and  to  the  sea  level, 
'thirteen  years  at  $1,250,000,  $16,250,000.'  This  at  least.  These 
sums  added  to  the  official  estimates  make  the  tally : 

85  (minority  estimate) $148,705,200 

Sea  level  (majority  estimate  of  thirteen  years*  execution) 263,271,200 

Sea  level  (Commission  estimate  of  eighteen  years*  execution)—    295, 480, 418  " 

The  President's  message,  February  19,  concludes  (page  iv,  letters 
transmitting  the  Report  of  the  Board  of  Consulting  Engineers  for 
the  Panama  Canal) : 

"The  law  now  on  our  statute  books  seem  to  contemplate  a  lock 
canal.  In  my  judgment,  a  lock  canal,  as  herein  recommended,  is  ad- 
visable. If  the  Congress  directs  that  a  sea-level  canal  be  constructed, 
its  direction  will,  of  course,  be  carried  out.  Otherwise  the  canal 
will  be  built  on  substantially  the  plan  for  a  lock  canal  outlined  in 
the  accompanying  papers,  such  changes  being  made,  of  course,  as 
may  be  found  actually  necessary,  including  possibly  the  change 
recommended  by  the  Secretary  of  War  as  to  the  site  of  the  dam  on 
the  Pacific  sidef 

"  Theodore  Roosevelt." 

Since  the  minority's  waterway,  by  its  own  tally,  exceeds  the 
amount  appropriated  by  Congress  for  a  canal,  it  can  not  be  con- 
structed except  after  further  Congressional  action.  Further,  it  does 
not  appear  in  the  estimates  of  the  Board  or  Commission  what  credit 
is  to  be  deducted  for  the  $26,500,000  alreadv  expended  or  bespoke 
for  "  equipment  and  supplies.''  Since  these  figures  are  dated  "  Feb- 
ruary, 1906,"  a  deliverance  is  in  order  from  the  Commission  and 
Board  that  $139,705,200  minus  $26,500,000  equals  $113,205,200  minus 
$23^84,200  (20  per  cent  contingencies)  equals  $89,921,000.  This 
represents,  then,  the  real  remaining  sum.  Do  these  engineers  seri- 
ously expect  to  themselves  or  by  contract  complete  the  work  for  this 
price?  Even  if  the  Government  should  turn  over  the  whole  thing  free 
of  cost,  work  done,  material,  and  supplies  to  the  aforesaid  alleged 
value,  how  is  $89,921,000  going  to  be  made  to  cover  the  construction 
of  their  Panama  Canal  f  These  facts  and  figures  must  be  set 
nakedly  and  truthfully  forth  if  there  is  not  to  be  a  sad  awakening 
perilous  for  the  whole  enterprise.  A  contractor  is  not  privileged  to 
bid  a  unit  or  lump  price  for  "  contingencies."  He  stands  or  falls 
by  something  definite,  without  benefit  of  clergy,  and  has  no  feather 
bed  of  20  per  cent,  which  is  the  haven  of  uncertain  engineering  where 
money  estimates  contain  no  personal  financial  hazard. 

EVOLUTION    OF   CANAL   PLANS. 

Before  he  outlines  his  next  group  of  criticisms  he  must  make 
some  general  statements.  The  struggles  between  the  two  extreme 
types — ^the  sea  level  and  the  high  level — for  Panama  began  at  that 
far  day  which  gave  them  both  birth — the  Paris  congress  of  1879. 
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There  gathered  to  this  congress  one  of  the  largest  bodies  of  tech- 
nical and  scientific  men  that  the  world  has  ever  assembled.  Dele- 
gates were  sent  from  the  civilized  globe — ^98  men  in  all.  There  sat 
m  those  sessions  Sir  John  Hawkshaw  and  Sir  Charles  Hartley: 
Derks,  constructor  of  the  Amsterdam  Canal;  Voisin  Bey,  con- 
structor of  the  Suez  Canal ;  Waldorf,  of  the  Swiss  canals,  and  scores 
of  the  most  prominent  engineers  then  living.  Our  own  Menocal 
and  Selfridge  were  there,  the  first  the  intensest  advocate  the  lock 
canal  has  ever  had.  To  the  technical  subconmiitt^e  were  submitted, 
as  the  congress  record  shows,  some  fourteen  projects. 

Each  of  the  rival  groups  analyzed,  sifted,  eliminated,  and  finally 
amalgamated  from  the  elements  of  these  fourteen.  The  canals  they 
respectively  recommended  represented  the  very  highest  and  best 
that  these  two  parties  could  evolve  out  of  all  the  elements  and  all  the 
projects  thus  far  devised.  They  were  buckling  for  the  first  great 
encounter  in  this  arena  of  98  men,  and  they  omitted  nothing  which 
could  strengthen  their  hand.  They  incorporated  all  the  forces  which 
could  give  them  the  mastery.  If  any  reature  was  declined  by  its 
own  party  it  was,  to  the  best  belief  of  that  group,  this  feature,  as 
then  evolved,  was  to  the  canal,  then  and  there  planned,  not  desir- 
able. 

The  two  types  locked  horns  in  the  general  session,  and  the  sea 
level  won  out.  It  entered  upon  its  day,  but  its  rival  was  not  dead. 
The  sea  level  never  attained  a  supremacy  so  safe  that  it  could  lift  its 
foot  off  the  neck  of  its  lock  competitor.  .  Conmiission  after  commis- 
sion made  through  the  years  a  continuous  judgment  bar.  The  strug- 
fle  went  on,  vet  neither  quite  vanquished  and  killed  the  other, 
'hrough  this  6ght  of  over  a  quarter  of  a  century  we  must  believe 
that  each  steadily  kept  its  gaze  alert  for  every  leverage  and  for 
every  vantage.  It  has  drawn  from  every  know  old  source  and  from 
every  new  source  sustenance  and  alliance.  It  has  gathered  unto 
itself  strength  when  and  wheresoever  it  might.  It  could  have  no  con- 
ceivable purpose  in  declining  and  defeatmff  any  idea  which  could 
enlarge  its  power  and  hasten  its  triumph,  it  an  idea  was  declined 
it  was  because  this  idea  as  then  conceived  was  not  deemed  a  good  one 
for  the  canal  as  then  projected.  Its  advocates  could  gain  nothing 
by  weakening  their  own  cause. 

It  is  therefore  rational  and  ju?t  to  believe  that  at  every  step  of  this 
long  way  the  different  guardians  of  the  two  types  incorporated  at 
the  various  stages  all  that  they  knew  and  all  that  they  believed  best 
for  their  ward  types.     The  quarter  century  has  been   for  each   a 

fradual  evolution.  Out  of  the  struggle  came  the  survival  of  the 
ttest,  and  what  stood  September  1,  1905,  as  types  for  the  sea-level 
and  high-lock  canals  represented  the  fruitage  of  all  that  had  gone 
before.  'When  the  Panama  came  into  the  hands  of  our  Commis- 
sioners, two  years  ago,  they  had  the  legacy  of  twenty-five  years  in 
engineering  History.  Still  anew  the  elements  were  stuJiied,  analyzed, 
sifted,  eliminated,  and  amalgamated.  As  recently  as  seven  months 
before  the  international  board  convened  a  latest  report  was  made 
reviewing  the  high  level  and  the  sea  level  up  to  date.  The  high 
level  was  left  imchanged  by  the  Commission,  and  virtually  in  its 
then  existing  form  was  submitted  to  the  international  board.  The 
sea  level,  confirming  a  last  departure,  a  tunnel  (see  Eeport,  page  10), 
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submitted  also  its  latest  and,  as  we  must  think  its  official  advocates 
believed,  best  evolution. 

These  two  types,  therefore,  came  September  1,  1905,  to  stand  be- 
fore the  final  technical  bar  for  the  death  throw.  Either  they  incor- 
porated all  the  canal  elements  which  their  sponsors  knew  to  be  de- 
sirable— and  these  men  were  true  to  the  canal's  interest — or  they  did 
not  incorporate  all  the  elements  which  the  men  knew  to  be  desirable, 
and  they  were  not  true  to  the  canal's  interests.  The  writer,  in  this 
hypothetical  case  of  Commissioners,  would  choose  for  them  the  better 
part.  He  believes  that  all  along  this  technical  march  each  Commis- 
sion and  Commissioner  contributed  according  to  his  truest  light,  and 
that  when  these  two  projects  went,  September  1,  1905,  to  the  inter- 
national board  they  expressed  the  best  and  highest  that  the  various 
exponents  at  that  time  knew^ 

It  becomes,  in  the  face  of  this  history,  surely  legitimate  to  inquire 
what  were  the  elements,  the  features,  the  treatments  of  the  two  types 
as  submitted  to  this  body.  In  short,  first,  what  were  the  canals  as 
they  went  into  the  international  board  ?  Second,  did  the  Bates  project 
enter  the  board  incorporating  other  features  and  treatments  ?  Third, 
what  were  the  canals  as  they  came  out  from  the  board?  The  Sphinx 
at  Panama  has  ever  been  the  Chagres  River. 

The  sea  level  of  September  1  was  characterized  by  certain  features 
for  Chagres  control.  It  had  a  tunnel  3^  miles  long.  The  tunnel  of 
De  Lesseps's  engineers  had  at  last  won  out ;  it  was  recommended.  It 
had  diversions  for  20  miles  paralleling  the  canal.  Through  these  di- 
versions it  carried  the  Chagres  waters  to  one  ocean  alone — the  At- 
lantic. It  had  for  upper  Chagres  regulation  a  massive  solid  dam  at 
Gamboa. 

The  Lindon  Bates  project  was,  in  treatment  of  the  river,  radically 
and  fundamentally  different.  First,  it  divided  the  river.  Second,  it 
used  the  canal  bed  itself,  always  before  avoided,  instead  of  tunnels 
and  diversions.  Third,  it  discharged  the  Chagres  to  both  oceans  in 
controllable  proportions.  Fourth,  it  had  at  Gamboa,  for  upper  regu- 
lation, an  undersluice  dam  giving  normally  empty-basin  control.  On 
page  29,  board  report,  there  is  a  paragraph  which  reads  as  follows : 

'•At  Obispo,  where  the  Chagres  cuts  the  canal  line,  Mr.  Bates  intro- 
duced a  feature  which  he  calls  the  Obispo  triangle,  designed  to  divide 
the  flood  waters  of  the  Chagres  entering  the  canal  into  two  equal  por- 
tions— one  to  flow  through  the  canal  prism  toward  Panama,  and  the 
other  toward  Colon.  The  accomplishment  of  this  result  is  practically 
an  impossibility." 

Xote,  ''  The  accomplishment  of  this  result  is  practically  an  impos- 
sibility." The  vote  upon  this  section  of  the  board's  report  is  unani- 
mous,'and  the  Commission  indorses  it  with  the  rest.  It  is  further  in- 
dorsed by  the  chief  engineer. 

From  the  first  page  to  the  closing  page  of  this  report  from  board 
and  commission  there  is  not  one  line,  not  one  word  crediting  anything 
to  the  Bates  projects.  The  Gillette  project  is  adequately  recognized 
and  the  Bunau-Varilla  project  is  inserted  in  toto.  The  brief  "  Gatun 
dam"  paper  (see  p.  27)  to  which  the  majority  and  minority  give 
separate  and  special  allusions  (see  pp.  27-77)  was  published  in  toto 
also.  (The  Bates  feature  of  terminal  lakes  is  not  new.)  There  was 
place  in  the  report  for  every  project  and  brochure  submitted,  in  the 
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terms  elucidated  by  its  author,  but  place  for  not  a  syllable  of  text 
from  one.  The  only  fair  justification — ^but  it  would  be  an  ample  and 
final  one — for  silence  and  suppression  would  be  that  the  Bates 
project  and  system  was  not  used;  that  its  ideas  were  not  indorsed; 
that  its  treatments  were  not  adopted. 

We  return.  The  verdict  of  the  officials  upon  the  Bates  solution  for 
the  Chagres  is :  "  The  accomplishment  of  this  result  is  practically  an 
impossibility."  The  river  is  left  to  its  Creator.  There  is  no  chal- 
lenge as  to  its  origin.  "  Mr.  Bates  introduces  the  feature."  (Board 
report,  p.  29.)  The  Chagres  division  near  the  Obispo  triangle,  carry- 
ing the  discharge  in  two  equal  parts  through  the  canal  itself  to  two 
oceans,  is  conceded  to  be  a  Bates  proposal  and  is  ^' impracticable." 
So,  of  course,  gentlemen,  it  will  not  be  employed.  It  will  not  be  found 
incorporated  bodily  and  openly  into  any  of  the  three  recommended 
projects.  We  have  the  privilege  now  of  examining  the  sea-level  de- 
sign. The  plans  submitted  to  the  Board  had  been,  remember,  in  the 
possession  of  two  Commissions  since  the  taking  over  of  the  canal. 

You  have  the  three  maps  of  the  submitteasea  level,  85  feet,  and 
Comite  Technique.  Not  one,  you  see,  has  a  divided  river.  Now, 
when  the  sea-level  project  comes  out  from  the  Board  it  has  no  tunnel. 
What  has  become  of  the  $8,000,000  tunnel  ?  After  the  triumphant 
heralding  "  a  place  has  been  found  for  the  tunnel  "  (see  the  report  of 
lOO*!),  lo,  it  has  disappeared!  What  has  become  of  it?  Page  45, 
Board  report,  middle  paragraph,  begins,  "As  to  a  part  of  the  upper 
Chagres  discharge  will  -flow  to  the  Pdciflc.^^  We  are  getting  upon 
the  track  of  the.  vanished  tunnel.  Having  divided  the  river^  the 
tunnel  was,  of  course,  not  needed,  and  it  was  abandoned.  No  member 
et  the  visiting  board  even  went  near  its  site  at  Panama. 

CANAL  PRISM. 

Is  any  other  feature  of  this  disapproved  river  regulation  adopted? 
The  Bates  project  alone  used  the  canal  bed  for  the  discharge.  This 
has  been  heretofore  deprecated.  The  old  sea  level  incorporated  diver- 
sions overhanging  the  canal  for  20  miles  in  menace.  Is  the  canal 
bed  utilized  anywhere?  Page  44,  Board  report,  "  but  the  plans  for  a 
sea-level  canal  contemplate  a  provision  which  would  permit  the  dis- 
charge through  the  canal  prism.^^  Indeed !  "And  regulating  sluices 
near  the  tidal  lock  on  the  Pacific  side — dividing  the  flow  between  the 
two  oceans."  Canal  prism!  Pacific  side!  Two  oceans!  Yes;  we 
know  at  last  what  has  become  of  the  tunnel. 

DISCHARGE   QUANTITIES. 

Next,  as  to  discharge  quantities:  "Designed  to  divide  the  flow 
waters  of  the  Chagres  entering  the  canal  into  two  equal  portions." 

It  will  be  first  remarked  that  all  propositions  made  are  made  within 
the  limitations  of  sanity.  Manifestly  one  does  not  dip  up  an  onward 
flowing  river  to  count  its  droj)s  and  set  them  carefully  back.  That 
a  spoonful  more  shall  not  attain  the  ultimate  Atlantic  than  the  ulti- 
mate Pacific  he  would  hardly  have  ventured  to  claim.  Does  fair 
Portia  speak  "  nor  cut  thou  less  nor  more,  but  i  ust  a  pound  of  flesh ; 
nay  if  the  scale  do  turn  but  in  the  estimate  ox  a  hair  thou  diest?  " 
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Is  the  practicability  of  dividing  the  Chajgres  like  the  Gueber's  death 
bridge,  no  wider  than  a  sword  blade ;  ana  is  the  Panama  Canal  walk- 
ing blindfold  across  it  to  paradise  or  perdition  ?    Let  us  look. 

Portia  is  very  exact  as  to  that  drop  of  blood.  The  halving  of  the 
upper  river  is  a  very  precise  matter,  and  its  division  if  less  than  that 
of  two  absolutely  equal  portions  is  "  practically  an  impossibility." 

Page  44,  Board  report,  reads : 

^I^^lating  sluices  near  the  tidal  lock  on  the  Pacific  side  of 
approxmiately  one-third  of  the  Gamboa  discharge,  and  to  that 
extent  at  leasts  mark  you,  dividing  the  flow  between  the  two  oceans 
and  consequently  reducing  the  current  velocity." 

One-third  at  least !  One-half  along  either  slope  was,  in  illustra- 
tion,  the  Bates  division.  One-third  at  least  is  the  majority  division. 
The  difference  between  one-third  and  one-half  is  one-sixth*  Less 
than  a  sixth,  may  be  a  seventh,  or  a  seventieth,  one  can  not  say 
which.  How  large  a  fraction  oi  this  one-sixth  was  needed  to  raise 
the  dividing  of  3ie  Chagres  from  the  "  practically  impossible  "  to 
the  perfectly  ideal? 

And  lastly  for  the  denouement.  On  March  7  the  exponent  member 
of  the  Board  testified  under  oath  as  follows : 

"  Senator  Morgan.  And  some  curvatures  to  pass? 

"  Mr.  BuHR.  Yes ;  some  curvature ;  very  easy  curvature. 

''  Senator  Morgan.  Emphasis  seems  to  be  laid  by  some  of  the  engi- 
neers upon  the  proposition  that  navigation  through  that  part  of  the 
canal  would  be  perilous,  or  would  require  very  great  caution,  even 
under  normal  conditions  of  water  supply;  and  that  opinion  seems  to 
be  intensified  in  respect  to  the  situation  that  would  be  created  by  the 
incoming  of  waters  from  the  Pacific  or  the  outgoing  of  waters  from 
the  Pacific  in  combination  with  a  flood  in  the  Chagres. 

"  Mr.  Burr.  The  waters  from  the  Chagres  floods  would  only  be  per- 
mitted to  enter  the  canal  by  these  controlling  works  at  such  a  rate 
as  would  not  make  a  current  of  over  a  mile  and  a  quarter  an  hour  at 
most. 

"  Senator  Morgan.  But  that  current  might  go  either  way. 

"  Mr.  Burr.  If  the  current  goes  both  ways,  if  it  were  equally  di- 
vided and  should  go  both  ways,  it  would  only  be  half  that. 

"  Senator  Morgan.  Yes. 

"Mr.  Burr.  So  that  even  if  it  all  goes  one  way,  even  if  it  went 
toward  the  Pacific,  which  is  scarcely  conceivable,  there  would  be 
no  current — experience  shows  that — which  would  be  materially  in- 
convenient to  navigation. 

"Senator  Morgan.  You  say  experience  shows  it.  I  suppose  you 
have  some  model  or  plan  which  looks  exactly  like  this? 

"  Mr.  Burr.  No  ;  we  have  more  conclusive  evidence  than  would  be 
shown  by  a  model.  We  have  the  evidence  of  the  navigation  of  the 
Suez  Canal,  where  the  curvature  is  not  so  verj^  different  from  that 
which  would  exist  in  the  sea -level  canal,  and  with  a  much  narrower 
prism." 

Half  or  even  all  of  the  upper  Chagres  through  the  canal  to  the 
Pacific. 

The  stone  which  the  builders  rejected  the  same  is  become  in  very 
truth  the  head  of  the  corner  of  the  sea  level. 
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TERMINAL  LOCK   SITES. 

Are  there  anjr  further  features  of  change  in  Commission  projects 
brinffing  them  into  identity  with  those  of  the  writer?  When  the 
sea  leyS  and  old  85  feet  entered  the  Board,  the  Pacific  terminal 
lock  sites  were  for  both,  at  Miraflores. 

The  Bates  project  set  its  end  lock  at  Sosa-Ancon.  As  early  as 
1859  was  laid  down  the  supreme  law  for  Panama — ^"  end  locks  should 
be  the  closest  possible  to  the  coast."  Miraflores  was  the  site  hereto- 
fore supposed  the  outermost  available  for  a  terminal  Pacific  lock. 
The  writer  saw  differently,  and  maintained  that  the  correct  place  was 
Sosa-Ancon.  He  claimea  to  have  sufficient  data  to  assert  that  rock 
foundations  existed  here,  and  hence  that  his  contention  was  incontro- 
vertible. The  command  of  the  President  had  been  that  all  data  nec- 
essary for  judging  projects  be  gotten  for  the  Board.  Wishing  to  be 
beyond  challenge  lie  formally  requested  that  contours  and  borings  be 

STtten  on  the  sites  of  his  two  terminal  locks — Ancon-Sosa  and  Mmdi. 
is  project  was  submitted  by  the  Commission  to  the  Board  September 
1,  with  this  observation  (page  11) :  "  To  obtain  this  f  the  Bates  data) 
extensive  additional  surveys  to  occupy  at  least  a  year's  time  would  be 
necessary." 

Page  25  states  from  the  *Board : 

"It  early  became  apparent  that  additional  information  was  de- 
sirable relating  particularly  to  the  possible  dam  and  lock  sites  at 
Mindi-Gatun  ana  in  the  vicinity  of  Ira  Boca.  The  Board  requested 
the  Isthmian  Canal  Commission  to  have  further  examinations  made 
as  follows :    ♦    ♦    ♦ " 

Page  26  continues : 

"  Borings  were  taken  across  the  valley  along  the  lines  indicated  and 
this  information  was  forwarded  for  consideration  to  the  Board.  The 
borings  in  the  vicinity  of  Sosa-Ancon  Hill,  as  well  as  those  in  the 
marine  section,  were  given  on  PI.  VII.  They  show  the  practicability 
of  a  lock  in  the  Ancon-Sosa  saddle  and  also  at  the  westerly  foot  of 
Sosa  Hill." 

The  explorations,  therefore,  which  were  to  have  consumed  a  year 
when  the  Bates  project  was  concerned,  were  forthcoming,  while"^  the 
Board  still  sat,  when  they  unanimously  decided  to  shirt  their  end 
lock  sites. 

The  writer's  contentions  regarding  the  Sosa-Ancon  lock  site  being 
vindicated,  the  complete  Board,  both  majority  and  minority,  and 
Commission  transferred  themselves  to  his  designated  location.  On 
its  foundation  (thus  sustained)  the  majority  set  its  one  tide  lock  and 
the  others  their  tier  of  two  locks. 

Next,  what  befell  at  Mindi,  his  Atlantic  terminal  lock  site?  The 
axiom,  "  end  locks  the  closest  possible  to  the  sea,"  should,  winning 
out  thus  openly  at  Ancon-Sosa,  have  won  out  also  at  Mindi.  Why  did 
it  not? 

The  favorable  report  of  Mr.  Maltby,  the  engineer  designated  to 
get  the  data  for  Mindi,  is  given  on  page  26.  Yet  no  borings  whatever 
on  the  dam  sites  were  ordered.  The  callous  indifference  to  an  interest 
weighty  and  pregnant,  as  shall  later  be  shown,  for  the  whole  future 
of  the  canal  as  this  Atlantic  terminal  lock  site  is  inconceivable.  Mr. 
Maltby  writes  in  his  official  letter:  "  This  (Jamarillo)  is  the  first  hill 
on  the  right  that  we  saw  when  we  went  down  the  Chagres  River." 
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The  international  body  apparently  never  put  a  foot  on  shore  to  ex- 
amine the  location.  Tliey  passed  6y  this  and  more  hills  in  the  launch, 
and  their  own  engineer  feels  obliged  to  identify  to  them  the  district — 
Jamarillo  Hill— 'on  the  right  that  we  saw."  Little  things  have 
decided  the  destinies  of  momentous  things  at  Panama.  Again,  as  at 
Sosa-Ancon,  the  writer's  every  claim  and  contention  are  more  than 
vindicated.  But  the  French  borings  and  cuttings  and  those  made 
otherwise  ^ve  rock  foundations  such  that  the  availability  of  the 
Mindi  site  is  made  incontestable. 

DIMENSIONS. 

But  we  continue  the  comparison  of  the  before  and  after  of  the  In- 
ternational Board.  The  sea-level  project,  submitted  September  1, 
gave  for  the  canal  bottom,  at  Culebra,  a  width  of  150  feet  and  for 
canal  depth  of  35  feet.  The  Bates  project  gave  a  minimum  average 
bottom  width  in  rock  of  200  feet  ana  a  depth  of  40  feet.  In  his  pre- 
sentation he  inserted  a  table  of  ship's  growths  and  a  diagram  of  a  35- 
foot  canal  with  an  existing  Cunarder  inserted.  The  vessel  was  seen 
to  project  beyond  the  bottom  nearly  2  feet.  This  was  an  object  lesson 
at  least.  As  recently  as  seven  months  before  this  Board  met  the  sea- 
level  committee  and  the  chief  engineer  had  reported  their  latest  design 
and  estimate.  It  gave  a  35-foot  depth,  and  based  upon  this  its  entire 
design  and  estimate  for  the  canal  $230,500,000. 

How  do  the  sea-level  dimensions  come  from  the  Board  ? 

Page  57: 

"  In  rock  the  bottom  width  was  taken  at  200  feet,"  etc. 

Page  56  : 

"  The  depth  of  40  feet  was  therefore  adopted  by  the  Board  as  the 
standard  minimum  depth  in  the  canal." 

GAMBOA  DAM. 

A  much  disputed  problem  was,  of  course,  the  upper  Chafes  ref- 
lation. How  did  the  sea-level  proposal  of  September  1  achieve  this? 
It  had  a  high  lake  impounded  by  a  huge  solid  danri  at  Gamboa.  Its 
lake  was  therefore  incapable  of  being  emptied  save  in  its  upper  third, 
and  then  by  means  of  a  tunnel.  In  this  full  lake  the  Chagres  floods 
were  to  be  caught  and  held. 

The  Bates  design  opposed  such  a  system  of  treatment.  It  set  at 
Gamboa  a  low  dam  with  shdces.  Through  these  sluices  the  water, 
during  normal  discharges,  was  to  be  run  off,  thus  keeping  the  water 
lowered  to  the  lowest  plane  which  the  conditions  admitted.  In  this 
basin  of  the  lowest  possible  level  (and  normally  it  would  have  been 
empty,  except  for  the  silt  trap)  the  excess  floods  were  to  be  caught 
and  imprisoned  till  the  subsidence  of  the  flood  situation  admitted  of 
their  gradual  discharge.  This  constituted  the  last  feature  enumer- 
ated for  his  Chagres  solution — ^the  normally  empty  basin  control. 
The  sea-level  solid  dam  did  not,  you  remember,  discharge  their  lake. 
This  was  its  September  1  solution.  What  solution  came  out  of  the 
Board? 

The  sea -level  type  of  dam  for  Gamboa  is  given  on  page  44  of  the 


mapority  report.    We  read : 
'•So  that  if  15,000  feet  of  flood 


water  per  second  from  the  Chagres 
he  ])ennitted  to  enter  the  canal  prism  at  Oamhoa^'^  etc. 
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A  solid  earth  dam?  No;  an  under-sluice  masonry  dam.  And 
again  : 

"  The  plans  for  a  sea -level  canal  contemplate  a  provision  which 
would  permit  the  discharge  through  the  canal  prism  and  regulating 
sluices  near  the  tidal  lock  on  the  Pacific  side  of  approidmately  one- 
third  of  this  Gamhoa  discharge^  and  to  that  extent  at  least  dividing 
the  flow  between  the  two  oceans,  and  consequently  reducing  the  cur- 
rent velocity.  ♦  *  ♦  The  Board  has  therefore  assumed  that  the 
controlling  sluices  to  be  provided  in  the  Gamhoa  dam  may  admit  the 
flood  waters  of  the  Chagres  to  the  canal  prism  at  the  uniform  maxi- 
mum rate  of  15,000  cubic  feet  per  second." 

And  again : 

"A  uniform  outflow  from  the  lake  at  the  rate  of  15,000  cubic  feet 
per  second  would  discharge  the  entire  maximum  average  forty-eight- 
hour  flow  of  the  1879  flood  in  eight  and  seven-tenths  days.  It  is 
seen,  therefore,  that  there  would  be  no  practical  difficulty  in  depress- 
ing the  siirfaxie  of  the  waters  in  Gamhoa  Lake  between  two  severe 
floods  sufficiently  to  receive  the  entire  maximum  average  forty-eight- 
hour  flow  of  such  a  phenomenal  flood  as  that  of  1879." 

Depressing  the  surface  of  the  waters ! 

So  the  last  feature  of  the  Bates  conception  is  taken  with  the  rest. 
The  whole  upper  Chagres,  carried  through  an  under-sluice  dam  at 
Gamboa  as  the  writer  proposed,  divided  near  Obispo  and  reduced  to 
harmless  currents,  and  then  borne  in  the  canal  bed  itself  to  the  two 
distant  oceans — ^this  is  the  solution  of  floods  which  comes  out  of  the 
International  Board  as  the  ^^majority  design  "  for  the  Panama  Canal. 

SITES  OF  OTHER  DAMS. 

Are  there  any  further  resemblances?  Are  there  changes  in  other 
features  of  eitner  Commission  project?  The  85  feet  went  to  the 
Board  with  a  huge  dam  under  85  feet  of  head  at  Bohio. 

The  Bates  presentation  claimed  that  this  position  limited  the  lock 
supply  and  was  for  a  massive  high  masonry-core  dam  unfeasible  on 
the  revelation  of  borings  (p.  13,  Bates  report).  Yet  the  Commission 
projects,  though  two  years  under  American  study,  brought  in  no 
recommendations  except  for  abandoning  Bohio  and  adoptmg  a  sea- 
level  and  tunnel  scheme.  Their  85-foot  plan  incorporated  the  same 
massive  dam  as  heretofore  and  their  project  went  to  the  Board  with 
this  same  feature. 

The  Bates  project,  condemning  Bohio,  set  a  dam  at  Gatun  instead, 
a  small  dam  under  a  29-foot  net  head. 

The  Bates  design  set  also  a  dam  at  La  Boca  and  a  barrage  from 
Ancon  Hill  to  Sosa.  Neither  official  project  had  any  such  feature. 
When  the  Board  has  reported  we  read  for  the  minority  (p.  77) : 

"  The  principal  dam  is  the  one  at  La  Boca,  which  eartands  from  the 
locks  at  Sosa  Hill,  across  the  mouth  of  the  Rio  Grande,  to  San  Juan 
Hill.  The  other  dam  extends  from  Sosa  Hill  to  Ancon  Hill  and  from 
Ancon  Hill  in  the  direction  of  Corozal  to  high  lands  just  across  the 
Panama  Railroad." 

A  last  comparison. 

SALT  OR  FRESH  WATER  HARBOR. 

One  of  the  fundamental  features  of  the  writer's  design  was  a 
combination  of  salt  and  fresh  water  harbors  at  the  termini.    He 
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pointed  out  at  length  the  great  superiority  of  such  an  arrangement 
in  facility  and  safety  and  healthfulness  for  commerce. 

Neither  Commission  design,  as  submitted  September  1,  had  com- 
bined harbors.  How  do  they  emerge  from  the  Board?  The  maps 
are  before  you.  You  will  find  on  the  Pacific  the  minority  in  posses- 
sion of  the*  combined  fresh  and  salt  water  harbors,  but  separated  by 
two  locks. 

NEXT  AS  TO  TERMINAL  LAKES. 

A  remark  let  drop  recently  intimated  that  there  was  a  surprise  in 
store  on  terminal  laKes.  The  card  is  now  played — "  The  Bates  fea- 
ture of  terminal  lakes  is  not  new."  (See  pp.  27  and  77,  Board 
report.)  The  speaker  owns  frankly  that  he  aid  not  know  in  Feb- 
ruarv  (1905)  that  in  1880,  at  a  meeting  held  in  New  York,  when  he 
Uvea  in  Oregon,  a  paper  of  nearly  two  pag^  and  a  half  (republished 
in  1904)  was  read  upon  "A  Gatun  dam.^'  The  pains  with  wnich  both 
parties,  separately,  and  the  full  Board  at  the  very  opening  of  its 
remarks,  announces  the  existence  of  this  paper,  brings  the  delibera- 
tions of  the  International  Board  convened  for  the  purpose  of  dis- 
covering the  best  type  of  canal  for  Panama  dangerously  close  to  the 
humorous.  Both  parties,  majority  and  minority,  have  adopted 
terminal  lakes  for  the  best  lock  plans.  The  Bates  project  alone 
of  those  submitted  to  the  Board  incorporated  terminal  lakes.  The 
feature  is  nowhere  credited  to  Mr.  Bates;  instead  there  is  this 
careful  assignment  of  it  to  two  sources — one  of  1879,  one  of  1880. 

The  majority  does  not  state  the  1879  source  of  the  Board's  inspira- 
tion. The  minority,  however,  does.  On  page  77  the  author  who  first 
gave  them  their  concept  is  announced — Mr.  K3eitz  of  1879 :  "  The 
:dea  of  builing  dams  and  forming  lakes  at  or  near  the  ends  of  the 
canal  is  not  new.  As  it  was  suggested  by  Mr.  Kleitz  at  the  Intema- 
rional  Congress  of  Engineers  at  ^aris  in  1879." 

The  writer  laid  down  the  preamble  that  the  long  succession  of  com- 
mittees and  Commissions  in  charge  of  the  Panama  Canal  were  to  be 
Iield  intelligent,  informed,  and  conscientious.  That  if  at  any  stage 
of  development  ideas  were  advanced  and  were  by  the  type's  own  ad- 
vocates declined,  it  was  rational  and  alone  honorable  to  infer  that  the 
idea  was  rejected  because,  according  to  the  Commissions'  best  light, 
It  was  not  as  then  submitted  desirable  for  the  canals  as  at  that  date 
evolved.  If,  then,  no  official  project  entered  the  International  Board 
with  terminal  lakes,  the  only  fair  inference  is  that  the  two  Commis- 
sions which  had  held  under  continued  examination  since  the  canal 
came  into  American  possession,  their  sea-level  and  high-lock  designs 
had  either  not  kaown  of  the  terminal  lake  conception  or  had  not  up  to 
that  date  deemed  terminal  lakes  desirable. 

Now  both  majority  and  minority  accej)t  end  lakes,  and  both  put 
forth  to  cover  the  incorporation  Mr.  IQeitz  of  1879  and  the  Gatun 
dam  paper  of  1880.  The  Commission  had  the  Bates  brochure  six 
months,  lacking  five  days,  when  it  was  sent  to  the  International 
Board.  The  Commission  submitted  it  for  examination,  with  this  in- 
troduction (p.  11) : 

"  The  Bates  project,  which  is  interesting  on  account  of  its  novelty, 
?nd  is  therefore  laid  before  you." 

ENO  I  o— 06 19 
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The  Bates  presentation  had  been  studied,  for  the  Ommission  adds 
that  "  It  does  not  give  detail  enough  for  a  close  analysis"  (p.  11) • 
The  final  presentation  supplied  this  fully,  however. 

Now,  no  one  will  precede  the  writer  in  maintaining  proprietorship 
of  ideas.  Ideas  lie  in  that  intangible  realm  where  legal  claim  is 
evasive,  and  where,  therefore,  moral  claim  is  tenfold  binding.  He 
commends  fully  the  desire  of  the  Board  to  pay  tribute  to  the  mind 
that  inspired  them  with  the  conception  of  end  lakes.  Their  combined 
acceptance  proves  this  feature  to  have  been  extremely  valuable  for  the 
canal.  Neither  of  the  Commissions  advanced  the  proposal  before. 
Both  take  it  now.  They  are  right  to  ffo  back  to  that  far  dav  of  1879 
and  ffive  credit  to  the  man  who  supplied  them  with  it.  Tne  writer 
goes  back  with  them  to  lend  his  presence  to  this  befitting,  even  though 
25-year-old  homage  to  Mr.  Kleitz  of  1879. 

The  official  report  of  the  1879  Paris  congress  includes  all  the  tech- 
nical subcommittee  report?.  It  is  a  bit  awkward,  is  it  not,  that  Mr. 
Kleitz,  here  at  last  crowned,  did  not  submit  an  idea  for  a  terminal 
lake — that  Mr.  Kleitz  did  not  have  in  his  project  a  terminal  lake? 
Pages  384  to  389,  inclusive,  of  the  official  report  of  the  Paris  congress 
gives  the  Kleitz  contribution.  It  reads  (the  note  of  M.  Kleitz)  : 
^  Possibilities  of  a  lockless  river  for  the  Panama  Canal." 

Kleitz  was  a  well-known  mathematician.  His  four-page  presenta- 
tion gives  a  series  of  calculations  upon  Chagres  discharge.  It  con- 
cludes that  to  construct  a  lockless  waterway  would  necessitate  "  turn- 
ing from  the  canal  itself  all  the  waters  of  this  river.'' 

Since  the  publication  of  this  report  compelled  the  writer's  inspec- 
tion of  these  very  early  and  long-buried  records  of  the  declined,  in 
Panama  engineering  history,  he  has  dug  up  the  story  of  the  terminal- 
lake  conception.  For  his  own  sake,  in  defense  of  truth  and  history, 
he  wishes  therefore  to  take  this  idea  back  and  give  credit  to  the  first 
man  who  did  conceive  it.  He  needs  to  snatch  no  wreaths  from  graves 
to  save  his  project.  Instead,  he  goes  back  to  1859  and  lays  this  be- 
lated homage  at  the  feet  of  that  clear-seeing  engineer,  Godin  de 
Lepinay.    He  writes : 

"  I  thought  of  it  in  1859,  when  I  was  designated  by  the  niinister  to 
go  to  Darien.  I  believe  I  spoke  to  Mr.  Blanchet  regarding  the  in- 
corporation of  this  idea  into  his  Nicaragua  Canal." 

De  Lepinay 's  injunction  shows  the  master  insight.    He  writes: 

"  The  barrages  shall  be  placed  as  close  to  the  sea  as  the  configura- 
tion of  the  land  admits,  perJiaps  at  Gatxin;  if  not,  then  certainly  at 
Bohio-Soldado." 

De  Lepinay's  report  was  not  published  by  the  congress.  The  only 
clue  remaining  by  which  to  trace  the  history  lies  in  these  two  remarks 
made  in  a  subcommittee  meeting. 

But  the  Congress  relegated  his  conception  to  defeat.  Some  way 
and  somehow,  for  the  lock  canals  as  then  designed,  his  idea  did  not 
fit,  according  to  the  judgment  of  the  world-famed  engineers  sitting 
there  on  the  types. 

The  iinal  vote  in  the  general  congress  of  Mr.  Kleitz  and  the  an- 
nounced abstention  of  M.  de  Lepinay  make  striking  history.  The 
first  voted  for  the  sea  level.  The  latter  announced  his  strong  opposi- 
tion to  the  sea  level  in  these  words : 

"All  my  conscience  is  intensely  enlisted.  I  am  the  only  French 
engineer  a  member  of  this  congress  who  has  executed  works  in  that 
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country  there.  If  I  have  not  known  how  to  make  my  advice  triumph, 
I  can  not  let  it  be  believed  that  I  abandon  it,  all  unknown  though  I 
am.  I  shall  have  gone  out  of  this  assembly,  as  others  have  done,  that 
I  maj  not  leave  mv  name  subscribed  to  a  measure  disastrous. 

"  Finally,  and  this  is  the  greatest  with  me — me  who  has  executed 
works  in  that  tropical  America :  Reducing  these  insanitary  works  to 
their  minimum  (the  lock  type)  spares  the  life  of  more  than  50,000 
men  usdessly  sacrificed  for  the  execution  of  a  sea-level  project.  To 
not  char^  my  conscience  with  these  unnecessary  deaths  and  the  loss 
of  a  considerable  capital,  I  abstain,  or  I  vote  '  No.' " 

Two  men  in  the  subcommittee,  however,  seemed  to  have  been  im- 
pressed and  to  have  believed  that  better  study  might  have  wrung 
grace  out  of  this  conception.  These  two  men  were  American.  The 
book  of  these  delegates,  of  whom  Menocal  was  one,  speaks  in  a  place, 
the  writer  discovers,  of  de  Lepinay's  proposal  for  a  Gatun  dam. 
This  book  reads : 

"  Entered  by  act  of  Congress  in  1879."  It  was  published  in  Phila- 
delphia. De  Lepinay's  idea,  therefore,  comes  straight  in  descent  to 
Philadelphia  ana  in  the  year  1879.  The  small  New  x  ork  meeting  was 
discussing  Panama.  The  1880  leaflet  begins  (Appendix  I) :  "  In  a 
paper  entitled  '  Interoceanic  Canal  Projects,  by  A.  G.  Menocal.'" 
The  writer  was  studying  Menocal.  "What  becomes  of  Gatun  dam 
paternity  in  1880? 

But  it  matters  not  one  hair's  weight  to  anything  save  history. 
The  true  goal  is  the  present,  the  best  project  here  and  now  for  the 
Panama  Canal.  The  writer  was  not  concerned  with  the  Commissions' 
desi^s.  He  was  not  seeking  to  reform  an  old  order;  he  was  estab- 
lishing a  new  order,  radically  different  and  antagonistic  to  what  had 
gone  before.  He  outlined  his  claims,  and  he  did  it  unmistakably  on 
page  17  of  his  presentation.    It  reads: 

'*  These  three  factors,  then,  the  terminal  lakes,  empty  basin  and  di- 
vided control  of  the  Chagres,  and  terminal  harbors  of  original  and 
strategic  dispositions,  go  to  make  up  a  f imdamentally  new  system  upon 
which  may  be  fashioned  the  concrete  plans  for  the  American  canal. 
It  is  manifest  that  such  a  combination  of  engineering  mechanisms 
can  not  be  narrowly  conceived  as  bounded  by  one  or  two  detailed 
schemes  with  metes  and  bounds  of  location  and  dimension.  Under  the 
new  system  there  are  possible  several  plans.  The  terminal  lakes  can 
be  made  at  a  higher  or  lower  level  and  the  discharge  at  this  or  that 
alternative  location;  the  empty  basin  sluice  control  can  be  effected 
by  one  or  two  or  three  dams  at  various  heights  and  sites.  The  ter- 
minal harbors  may  be  changed  as  to  breakwater,  form,  alignment,  or 
other  details.  But  the  principles  and  the  systems  remain  unaltered 
as  a  new  conception  and  proposal." 

"  The  author  has,  it  is  true,  specified  and  developed  definitely  from 
all  the  data  available  what  he  holds  to  be  the  best  plan  under  his  sys- 
tem. But  these  are  only  parts  of  a  greater  whole.  It  is  not  project 
X  or  B  or  any  modification  that  go  to  make  up  the  claim  to  a  new 
canal.  It  is  the  inclusive  system  of  lakes,  Chagres  control,  and  ter- 
minal harbors  whose  principles  are  fundamentally  original." 

What  are  the  elements  of  the  Panama  Canal  ?  "Dam  sites  and  water 
sites,  dams  of  different  types  and  heights,  varying  levels,  treatments 
of  rivers — ^such  and  such  only.  An  engineer  does  not  create -elements ; 
he  can  but  combine.    The  writer  had  onlv  the  same  elements  as  were 
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possessed  by  every  man  since  1859.  These  had  been  through  half  a 
century  shuffled  and  reshuffled,  combined  and  recombined.  If  at  last 
in  the  year  1905  he,  shuffling  still  another  time,  combines  differently, 
treats  antagonistically,  and  applies  the  world-old  principles  in  a 
new  methocl,  has  he  done  nothing? 

Howe  did  not  create  the  thread,  nor  the  needle,  nor  the  iron,  nor 
the  bands,  yet  no  one  disputes  him  the  inventor  of  the  sewing  ma- 
chine. The  right  to  new  combinations  is  the  basis  of  the  whole 
world  system  of  patents.  And  in  the  Patent  Office  there  is  an  antip- 
odes of  difference,  a  great  gulf  fixed,  between  combinations  which 
vnll  work  and  combinations  which  will  not.  The  first  man  who 
makes  a  workable  tool  is  its  creator,  no  matter  how  many  myriads 
may  have  had  its  elements  before.  So  the  discovery  of  a  terminal- 
lake  conception,  dating  back  to  1859,  matters  not  one  breath  in  this 
discussion. 

It  is  seen,  therefore,  that  every  primary  element  and  treatment  of 
the  Bates  canal,  from  its  Atlantic  lock  to  its  Pacific  lock,  and  includ- 
ing its  complete  Chagres  River  solution,  is  found  accepted  and 
acSpted  by  one  or  other  of  these  three  Board  projects.  His  canal 
is  tnerefore  much  better  accredited  than  any  other,  for  the  old 
designs  differ  radically  and  fundamentally  from  each  other. 

SIMILARITY  BETWEEN  BATES  PROJECT  B  AND  THE  60-FOOT  DESIGN 
RECOMMENDED  BY  THE  MAJORITY  AS  THE  BEST  LOCK  CANAL  FOR 
PANAMA. 

A  few  facts  must  be  remembered.  First,  the  exact  best  level  for 
ihe  summit  stretch  of  any  canal  of  lock  type  should  not  be  decided 
finally  and  inexorably  at  the  Isthmus  until  more  complete  and  exact 
surveys  have  been  made.  One  of  the  vital  determining  factors  must 
always  be  the  quantity  and  (Quality  of  Culebra  cut.  Through  this 
massive  rock  barrier  it  is  desirable  to  demand  the  least  excavation 
advisable  in  a  four-lock  canal.  The  difference  of  an  inch  or  tvro, 
even  of  a  foot  or  two,  in  level  is  not  fateful  one  way  or  the  other  or 
inherently  momentous,  while  it  may  mean  a  very  material  difference 
in  what  is  to  be  gotten  6ut,  and  hence  to  the  cost  of  the  canal.  It  is 
not  wise,  therefore,  to  narrow  to  the  inch  here  on  the  threshold  the 
level  ana  set  up  a  fixed  and  immovable  prohibitive  against  the  small 
adjustment,  which  may  be  found  to  mean  a  great  difference  in  ex- 
pense. While,  therefore^  the  writer  set  his  summit  level  of  B  at  62.6, 
ne  noted  the  need  for  this  small  margin  of  elasticity,  and  stated  that 
the  level  should  be  no  more  arbitrarily  fixed  than  that  the  canal's 
summit  level  should  be  about  +62.5. 

A  second  determining  element  was  the  height  accepted  for  lock 
lifts.  His  projects  allowed  its  willingness  to  consider  as  safe  locks 
of  up  to  36  feet  lift.  Certain  limits,  therefore,  like  these  were  estab- 
lished on  certain  features  determining  important  issues,  but  a 
definite  selection  and  preference  was,  notwithstanding,  announced 
for  each  item.  Second!,  awaiting  the  final  contours  and  borings  at 
Sosa-Ancon  and  Mindi,  he  selected  alternative  sites.  On  the  Atlan- 
tic he  gave  Gatun  as  his  second  or  alternative  location,  always  an- 
nouncing, however,  that  Mindi  was  first.  But  the  final  and  con- 
trolling borings  had  (as  was  said)  not  yet  been  reported. 

Far  be  it  from  the  writer  to  claim  any  monopoly  of  ideas  for 
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Panama.    He  has  but  his  small  pint  cup  dipping  into  the  vast, 
infinite  ocean  of  thou^t.    Many  men,  many  minds. 

The  International  ^oard  was  obligated  to  draw  out  new  ideas. 
These  ideas  were  almost  equally  bound  to  lead  to  the  betterment 
of  the  two  canal  types.  He  is  neither  so  blind  nor  so  foolish  as  to 
fancy  that  some  ox  these  alterations,  like  the  change  of  dimensions, 
would  not  have  come,  probably  here  and  now,  if  he  had  never  lived. 
All  he  does  sav  is  that  he  has  proved  a  passing  good  prophet  in  his 
own  country  for  what  the  future  was  destined  to  hold,  and  that  he 
anticipated  and  provided  much  that  this  International  Board  was 
fated  to  want. 


Lindon  W.  Boies* 8  project  B — Recommended  majority  lock  project j  60  feet, 
[Board  report,  p.  35,  project  IV.] 


Fintlock. 


Board  lock  +60  feet. 


Gatun . 


Lift  firrt  lock 

First  dam , 

Second  lock 

Second  dam 

Head  fint  dam I 

HeadKcond  dam 

Type  first  dam | 

Type  Koond  dam I 

Gamboadam ) 

Gomboa  dam  type | 

Third  lock 

Sommit  level 

Fourth  lock 


Spillway  and  lock  . . 

La  Boca  dam 

Sosalock 

FtaamaLake 

Ali^ment 

Usable  lenirth  locks . 
Depth 


30  feet 

Gatun 

Bohlo 

do 

30  feet  mean 

do 

Undersluice  and  earth 

do 

180-foot  crest 

Undenilulce 

Pedro  Miguel 

60  feet 

Sona  (west  side,  but  east 
preferred). 

Separated 

Same 

26  to  86.5  feet  lift 

26.6  feet 

Identical  ( Mindi  to  islands) . 

1.000  feet 

40  feet 


Project  B. 


(First  choice)  Brochure  1.  page  PI.  IV,  Mindi  or 

Gatun. 
27  to  83.6  feet. 

Mindi  first  choice,  Gatun  second  choice. 
Gatun  first  choice,  Bohio  second  choice. 

Do. 
27  to  83.6  feet. 
29  to  31  feet  net. 
Underslulce  and  earth. 

Do. 
Crest  at  +118.8. 
Underslulce. 
Pedro  Miguel. 
62.6  feet. 
Sosa  (east  or  west  side;  east  preferred). 

Together  preferred;  separate  admitted. 

Same. 

26  to  36.6  feet  lift. 

26.5  feet. 

Identical  (Mindi  to  islands,  variant  B.). 

1.000  feet. 

40  feet. 


OBISPO  BASIN. 


The  elevation  of  the  bed  of  the  Chagres  opposite  Bas  Obispo  is 
about  +45.  In  all  the  canal  projects  before  the  Congress  the  drainage 
discharge  of  the  upper  Chagres  meets  here  the  canal  channel  at  right 
angles.  The  water,  therefore,  must  by  force  of  the  natural  conforma- 
tion t7«^Z/  divide.  Local  conditions,  of  course,  determine  the  exact 
parting  of  the  water,  which  will  vary  within  limits  and  can  be  varied 
as  to  relative  amounts  going  each  way  by  manipulation  of  the  sluices 
at  each  end  of  the  summit  level.  The  -j-85  lake  waters  divide  and  flow 
both  ways  from  this  natural  triangle.  !Part  go  north,  because  there  are 
escape  sluices  in  the  Gatun  dam;  part  go  south,  because  there  are 
locks  and  sluices  at  Pedro  Miguel  and  l^cause  the  +55  lake  of  the 
minority  must  be  filled  and  fed  against  the  losses  of  percolation, 
infiltration,  evaporation,  and  gate  leakage. 

The  decision  in  favor  of  two  outlets  through  the  navigated 
waterway — a  treatment  found  in  neither  project  when  it  entered  the 
Board,  but  adopted  by  both  majority  and  minority  nou\  compels  a 
dividing  of  the  Chagres  in  the  so-called  Obispo  basin.  AH  projects 
before  me  Senate  committee — sea-level,  minority,  majority,  60-ioot, 
and  Bates — all  have  a  body  of  water  which  divides  itself  at  or  near 
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the  Obispo  basin.  Xot  precisely  "  automatically,"  but  as  the  result 
of  mechanical  manipulation.    Tliis  the  writer  has  advocated. 

The  same  is  avowedly  true  of  the  sea-level  plan.  After  condemn- 
ing and  repudiating  this  principle,  both  the  majority  and  minority 
make  it  an  integral  and  vital  factor  of  their  deliverances. 

Into  what,  for  a  name,  was  termed  bv  the  writer  "the  Obispo 
triangle,"  the  sea-level  allows  15,000  cubic  loot-seconds  to  emerge  from 
the  Gamboa  sluices  and  sends,  as  they  state,  one-third  out  of  the 
sluices  at  Corozal  and  two- thirds  to  the  Atlantic.  Such  careful  frac- 
tions ! 

The  cutting  of  the  canal  makes  a  delta  for  the  Chagres  with  two 
mouths,  and  a  delta  is  a  triangle  in  the  Greek  alphabet.  In  order  that 
the  upper  Chagres  water  and  the  currents — whether  emerging  from 
Gamboa  sluices  or  from  an  arm  of  the  -f85  or  +^2.5  lake — shall  not 
interfere  with  traffic  passing  at  right  angles,  certain  work  is  necessary. 
The  borders  of  the  basin  should  te  trimmed  to  the  best  shape  and  the 
basin  should  be  made  deep  and  large  enough  to  absorb  the  currents 
and  create  a  turning  basin. 

Navigable  depth  is  wanted. 

The  sea  level  has  here  the  most  to  do.  It  must  excavate  some  85 
feet  and  shape  the  basin  to  the  semblance  of  a  triangle.  As  the  sum- 
mit level  is  raised  the  amount  of  work  needed  diminishes  and  the 
natural  borders  of  the  triangular  basin  enlarge. 

The  -f  85  plan  has  a  little  less  to  do  here  5ian  project  B  at  +62.5. 
All  plans  should  so  arrange  that  a  1,000-foot  ship  shall  be  enabled  to 
turn  around.  Project  B  requires  but  300,000  cuoic  yards  of  excava- 
tion here. 

-f  85   LAKE. 

The  monstrous  dam  and  staircase  of  locks  at  Gatun — ^too  small  for 
commerce  and  too  big  for  their  site — ^make  a  high  navigable  lake. 
This  lake  is  so  high  that  it  makes  a  continuous  railway^  all  but  im- 
practicable. But  of  this  anon.  The  lake  leads  to  a  45-foot  minimum 
channel  through  the  sunken  valleys  and  the  central  mass.  Sudi  a 
depth  is  good.  It  is  better  than  the  old  35  feet  of  the  Walker  Commis- 
sion, but  it  is  not  yet  what  is  necessary.  The  minority  gives  over  gate 
sills  but  40  feet  of  water.  To  change  this  must  stop  trade  some  day, 
or  they  must  build  new  and  larger  and  deeper  locks.  But  there  is  no 
room  for  larger  and  deeper  locks  at  Gatun. 

It  seemed  to  the  writer  better  to  design  his  gates  and  structures  so 
that  in  the  future — aft^r  the  dams  andlocks  have  stood  the  tests  of 
time — the  lake  levels  might  be  raised  1,  2,  3,  4,  or  5  feet,  keeping  pace 
with  the  demands  of  commerce.  It  is  certainly  cheaper  to  deepen  by 
regulating  the  lake  discharge  sluices  than  to  dig  rock  lor  8  or  10  miles, 
5  unnecessary  feet  through  the  Culebra,  with  all  this  means  of  bottom 
and  slope  excavation. 

The  minority  do  not*  wish  to  raise  their  lake  head  to  90  feet,  evi- 
dently. Thus  it  comes  that  in  reality  the  bottom  of  the  central  sum- 
mit level  of  B  is  but  17.5  feet  lower  than  that  of  the  minority. 

The  elaborate  summary  of  "  navigable  •  widths "  is  misleading. 
What  a  vessel  wants  for  good  steering  is  top  width  to  the  channel 
section,  and  buoying  in  a  submerged  lake  channel  does  not  limit  speed, 
as  averred.  Vessels  can  pass  each  other  as  well  in  the  -|-62.5  lake  as  in 
the  -f  85  lake.    The  side  hills  are  nearly  everywhere  steep,  and  the  two 
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contours  where  they  are  important  to  the  channel  are  little  apart 
horizontally. 

The  +85  lake  is  announced  to  be  a  better  receptacle  for  floods,  so 
really  floods  are  not  regulated  by  any  sluice  dam  in  entering  their 
lake.  Those  into  his  lake  are  controlled  by  the  Gamboa,  Cano,  and 
Alh'ajuela  dams  of  project  B. 

The  flow  line  of  the  +62.5  includes  the  mouths  of  the  Palenque  and 
Chilibre  rivers  beyond  Gamboa,  and  the  +85  goes  only  a  little 
farther.  Which  is  the  safer  flood  reflation,  this  or  to  have  two 
normally  empty  basins  above  the  flow  Ime,  dividing  the  entering  rush 
in  two  parts  and  setting  the  areas  of  disturbance  some  miles  ferther 
from  the  navigated  channel  ? 

Project  B  has  both  lake  and  double  nnder-sluice  regulation,  while 
the  +85  has  only  lake  regulation.  Which  has  the  larger  factor  of 
safety  against  such  a  flood  as  that  of  1879  ?  Does  a  margin  of  nar- 
row waterway  averaging  but  11  feet  deep,  such  as  exists  between  the 
flow  lines  of  the  +62.5  and  +85,  give  more  security  than  under- 
J^luice  dams  and  their  reservoirs  ready  for  instant  service  above 
Gamboa  and  Alhajuela? 

The  writer  fails  utterly  to  see  where  and  how  this  indefinitely  con- 
trolled upper  Chagres  flood  regulation  is  worth  the  offset  of  two 
locks  ana  all  that  they  mean  to  vessels,  together  with  an.  unpar- 
alleled dam  and  all  the  attendant  elements  of  cost,  delay,  difficulty, 
and  perpetually  increased  risks. 

DISTRIBUTIOX   OF   CULEBRA    MATERIAL END   DAMS    AND    LAKE. 

There  remains  to  be  excavated  under  the  minority  plan  53,800,000 
cubic  yards  from  the  Culebra  section.  But  nowhere  in  their  report 
do  thev  say  what  they  propose  to  do  with  it.  The  chief  engineer  tes- 
tifies that  it  would  be  a  good  thing  to  mix  it  with  the  mud  natter  and 
J>iit  it  in  the  Gatun  dam,  but  he  tells  not  how  much.  He  would  also 
i)ut  some  "  below  Bohio."  (See  testimony  before  Senate  committee.) 
t  is  understood  that  he  proposes  to  haul  half  each  way  somewhere 
from  the  center  of  the  great  cut.  So  we  must  assume,  in  tracing 
vaguely  what  is  intended  that  about  27,000,000  cubic  yards  go  toward 
the  Pacific     Apparently  (p,  245)  there  go  to — 

Cubic  yards. 

Back  fining  and  embankment,  Pedro  Miguel 390,000 

Dam,  Pedro  Miguel 1,100,000 

which,  however,  is  offset  by  the  excavation  from  mile  39.00  to  41.47, 
totaling  1,460,000  cubic  yards. 
They  likewise  seem  to  have — 

Cnbicyaids. 

Mile  41.67  to  45.08 i:20.(K)0 

Excess  from  Sosa  lock 480.000 

Ontslde  the  lock 1 5,330,000 

Total    6,  030,  000 

The  Ancon-Sosa,  Ancon-Corozal,  and  La  Boca  dams  require 
122SQJ00O  cubic  yards.  It  is  unlikely  that  over  1,280,000  cubic  yards 
from  the  above  6,030,000  cubic  yards  would  go  into  the  dams  from 
the  dredges.  This  leaves  to  go  into  the  Panama  dams  from  Culebra 
11,000,000  cubic  yards,  and  16,000,000  cubic  yards  to  go  somewhere 
outside  of  "  Lake  Sosa."    Possibly  some  6,000,000  may  go  into  the 


f 


290  INVESTIGATION   OF  PANAMA  CANAL  MATTEBS. 

space  east  of  the  Ancon-Corozal  dam,  providing  the  drainage  of  the 
ffuan  Diaz  and  Puente  creeks  is  properly  cared  tor — something  which 
the  minority  overlooked.  A  considerable  area  is  drained  by  these 
creeks,  but  no  provision  is  apparently  made  for  their  run-off.  There 
remains  10,000,000  cubic  yards  to  go  where  ?  To  sea  by  barges.  This 
would  be  a  waste  of  opportunity  to  make  breakwaters  to  the  islands 
or  reclamations,  serving  a  useful,  valuable,  or  military  purpose. 

We  have  heard  much  of  the  French  transporting  Culebra  spoil  up- 
hill, but  it  is  not  recalled  that  they  ever  were  guilty  of  proposing  to 
haul  11,000,000  cubic  yards  downhill  and  then  hoist  it  into  huge  high- 
head  dams  overhanging  Panama  or  of  bringing  20,000,000  cuDic 
yards  to  Gatun. 

PANAMA  AND  BALBOA  DAMS. 

If  the  Ancon-Corozal  dam,  with  55  feet  of  water  behind  it,  should 
get  an  earthquake  crack,  the  survivors  of  the  city,  if  there  were  any, 
might  return  to  the  "  ruins  of  old  Panama."  There  would  be  noth- 
ing left  of  new  Panama. 

It  and  the  La  Boca  and  Sosa  dams  total  12,150  feet  long — over  2 
miles.  In  project  B  there  is  one  rock-and-earth-fiU  dam  of  one-third 
this  length  and  one-half  the  head  and  height.  It  contains  no  menace 
to  the  city.  Project  B  requires  no  Ancon-Corozal  dam,  because  a 
trifling  embankment  a  few  feet  high  eastward  from  Santa  Cruz  on 
the  railway,  at  the  foot'  of  Ancon  Hill,  defines  the  Lake  Panama  of 
project  B  and  solves  the  drainage  of  the  creeks,  lately  mentioned, 
without  expense. 

There  is  a  vast  difference  between  the  cost  and  hazard  attaching  to 
the  minority's  end  lake  "  Sosa  "  and  the  one  the  writer  baptized  in 
this  valley  as  Lake  Panama. 

It  is  rather  of  interest  to  note  that  when  the  writer's  brochure  was 
published  a  year  ago  there  were  no  foundations  for  end  locks  and 
dams  but  "  mud,"  and  no  one  in  authority  knew  this  site  from  1879 
till  then.  Now  the  condemned  locations  are  reluctantly  bored,  and 
lo!  rock  is  nearer  to  the  surface  than  at  any  dam  site  on  the  canaK 
except  at  Alhajuela.  It  will  be  the  sanie  story  at  Mindi.'  There 
are  nine  separate  hard  hillocks  in  the  axis  of  this  Mindi  dam  over 
40  feet  high.    The  bases  of  these  knobs  are  only  200  or  300  feet  apart. 

Lake  Sosa  indeed  saves  a  little  rock  and  mud  dredging,  but  it 
introduces  a  number  of  serious  and  expensive  difficulties  of  execution. 
Lake  Panama,  half  as  high,  is  a  simple  affair  by  comparison.  The 
writer  conceives  that  no  useful  purpose  to  navigation  is  served  by 
the  higher  lake,  which  likewise  imposes  an  entire  relocation  of  the 
railway  below  Pedro  Miguel.  The  lower  lake  merely  requires  the 
small  amount  of  grade  raising  shown  on  the  plate  oi  Colonel  Tot- 
ten's  map,  about  tne  only  thing  showing  the,  character  of  the  topog- 
raphy east  of  Panama  in  the  Washington  office  of  the  Commission. 

DISTRIBUTION   OF   SEA-LEVEL   SPOIL,   CUI^EBRA. 

Nowhere  in  their  report  that  one  can  discover  have  the  majoritj* 
said  what  they  are  going  to  do  with  Culebra  or  other  excavations. 
One  sees  much  of  steam  shovels  and  a  reference  to  "  transport  being 
the  principal  isthmian  problem."    Quotations  from  Board  report : 

Page  60— 
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"The  Board  recognizes  that  the  removal  of  the  material  in  the 
summit  cut  is  in  reality  a  problem  of  transportation.  It  is  a  com- 
paratively simple  matter  to  excavate  the  material  within  a  much 
shorter  time.than  that  allowed  for  the  work,  even  on  the  supposition 
that  all  of  it  except  the  clay  near  the  surface  must  be  shattered  by 
preliminary  blasting.  The  whole  difficulty  attending  this  part  of 
the  construction  of  the  canal  is  attached  to  the  removal  of  the  material 
from  the  shovels  or  other  excavators  to  the  spoil  banks.  This  prob- 
lem of  transportation  is  in  reality  the  substance  of  the  problem  of 
building  the  transisthmian  canal,  and  in  treating  this  part  of  the 
project  the  Board  realizes  and  has  considered  the  large  amount  of 
railroad  track  and  the  extensive  transportation  organization  required 
for  the  disposition  of  the  waste  material.  It  is  probable,  as  has  been 
estimated,  that  not  less  than  3  miles  of  standard  track  will  be  required 
for  each  shovel  employed,  making  a  total  of  300  miles  of  trackage  for 
100  shovels. 

'*  It  it  be  assumed  that  100  shovels  are  available  for  continuous  work, 
there  being  a  sufficient  surplus  above  that  number  undergoing  repairs 
whenever  necessary  to  maintain  the  working  complement,  it  can  be 
demonstrated  that  as  much  as  20,000,000  cubic  yards  of  material 
classed  as  rock  may  be  annually  removed  from  the  summit  cut." 

Page  60: 

"  "Hie  time  required  to  remove  this  great  mass  of  material,  by  far 
the  greater  part  being  soft  and  hard  rock,  will  depend  greatly  upon 
the  efficiency  of  the  method  of  operation  and  the  organization  of  force 
and  plant,  all  of  which  must  be  ultimately  the  result  of  most  careful 
consideration  of  all  the  elements,  including  those  of  climate  and 
character  of  labor  available." 

Page  61 : 

"  It  is  found  that  the  entire  quantitv  of  110,000,000  cubic  vards  of 
material  in  the  divide  can  be  removed  within  ten  years.  (iP'or  time 
curve,  illustrating  practicable  excavation  of  Cufebra  cut.  see  PI. 
XXXL)" 

Where  does  it  go?  They  demur  to  the  Panama  breakwaters  or  to 
an  •'  ambitious  "  reclamation  of  the  Panama  tide  lands,  making  a 
useful  propertj^,  even  if  "  many  times  in  extent  the  area  occupied  by 
the  present  city  itself."  For  which  latter  reason  they  condemn  it. 
The  Rio  Grange  Valley  is  preempted  for  adjacent  excavations  and 
the  care  of  its  watershed,  whence  6,000  cubic  foot-seconds  must  some- 
limes  run  off.  * 

So  it  must  be  that  it  is  to  be  taken  in  barges  to  sea — what  a  waste  I 
And  what  a  traversty  that  the  principal  problem  of  the  Isthmus — 
•'transport" — remains  as  to  estimation  so  far  as  they  enlighten  us 
(they  or  the  ex-chief  engineer  either  in  his  appendixes)  still  a  riddle 
and  a  mystery. 

ri'LEBRA  SECTION  St—typical  sections. 

The  typical  sections  adopted  for  the  Culebra  cut  are  shown  on  the 
plates  which  accompany  this  review.  Those  taken  by  the  writer  are 
in  substantial  agreement  as  to  slopes  and  terrace  widths  with  those 
evolved  by  the  French  engineers  and  the  Commission  of  1901,  ex- 
cept that  the  waterway  is  enlarged  to  a  minimum  of  8,000  square 
feet.    The  surface  width  is  210  leet  and  is  prefeired  to  the  Board's 
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208  feet.  The  bottom  width  is  190  feet  to  the  Board's  200  feet,  but 
he  has  planned  a  ^adually  enlarged  section  of  Pedro  Miguel  to  take 
care  of  surface  drainage  from  the  terraces.  The  minimum  ruling  sec- 
tion below  the  water  surface  is  practically  the  same.  Practically  all 
plans  niust  yield  and  be  adapted  to  the  conditions  fouhd  when  the 
excavations  uncover  the  formation  now  out  of  sight  and  definite 
knowledge. 

Above  water  the  Board  and  minority  make  a  wider  berm  than  the 
writer  and  diminish  the  width  of  the  terrace  above  to  the  rock  line, 
and  they  plan  higher  terrace  steps.  In  such  broken  and  varied  for- 
mation and  having  regard  to  the  sudden  character  of  the  tropic  down- 
pours, the  writer Ijelieves  it  ill  advised  to  thus  diminish  the  terrace 
widths  and  the  number  of  longitudinal  drainage  ditches.  Above  the 
"  rock  line  "  the  Board  make  a  long  flat  slope,  which  naturally  con- 
centrates all  that  falls  on  the  "  earth  "  slope  on  the  upper  terrace, 
whose  width  the  minority,  under  such  conditions,  advisedly  makes  50 
feet. 

But  it  seems  to  the  writer  that  the  terrace  system  should  not  stop 
at  the  "  rock  line,"  a  most  ill-defined  and  variable  thing.  It  should 
extend  nearly  to  the  top  of  the  cutting,  the  risers  lower  and  treads  of 
the  steps  wider,  and  the  average  earth  slopes  one  to  one  and  a  half. 

CULEBRA   ESTIMATES. 

The  quantities  appearing  in  the  writer's  presentation  have  been 
questioned.  This  contingency  was  foreseen  and  allowed  for  by  the 
writer,  because  he  did  not  have  and  could  not  get  the  detailed  cross 
sections  and  station  estimates.  This  he  covered  in  a  contingent  item 
of  $10,000,000  to  meet  extra  excavation  or  bank  protection  which 
circumstances  might  develop  (vide  p.  263).  This  sum,  for  illustra- 
tion, will  excavate  16,666,666  cubic  yards,  at  60  cents  per  cubic  yard — 
a  figure  ample  because  the  plant  is  amortized  against  the  main  quan- 
tities. .  He  does  not  subscrioe  to  taking  the  unit  prices  of  the  Board 
(based  at  Culebra  upon  steam-shovel  method  alone),  as  stated  on 
page  29.  He  knew  then,  as  he  knows  now,  that  American  contractors 
and  men  accustomed  to  Revising  and  applying  methods  to  new  condi- 
tions had  never  been  given  a  particle  of  opportunity  to  apply  their 
talents  to  the  Culebra  problem  of  excavation  and  distribution.  Be- 
sides this,  he  specifically  stated  that  he  attached  some  value  to  the 
money  expended  to  September  1, 1905,  in  the  following  terms  (p.  263, 
Board  report) : 

"  Note  II. — It  must  be  borne  in  mind  that  during  the  past  eight- 
een months  large  sums  have  been  expended  on  the  Isthmus,  and  the 
value  of  this  work  reduces  the  unit  prices  of  Item  IV." 

The  shovel  commitment  was  taken  out  of  hand  and  without  due 
consideration  by  men  inexperienced  in  canal  work  or  in  the  Tropics. 
The  steam  shovel  is  a  temperate-zone  tool  and  ill  adapted  to  work- 
ing eflSciently  during  three-quarters  of  the  year  because  of  rain.  To 
pit  the  20-year-old  French  excavateurs  against  modem  steam  shovels 
is  ridiculous.  The  fact  should  be  here  registered  that  where  the 
ground  suits  the  modern  excavateur  it  is  far  ahead  of  its  ancient 
prototype,  and  is  a  better  tropic  tool,  because  it  is  more  automatic 
and  depends  for  efficiency  far  less  upon  the  human  equation.  It 
leaves  its  terrace  in  a  smooth,  not  in  the  broken  condition  charac- 
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terislic  of  steam-shovel  work;  but  the  progress  of  this  implement 
was  never  fairly  investigated.  There  are  also  inherent  possibilities 
of  rapid  and  cheap  work  during  the  rainy  season  in  the  cantilever 
crane  and  cablewav  equipped  witn  proper  grab  buckets  which  should 
not  be  ignored,  and  they  have  been. 

DEPTH   OF   PANAMA   APPROACH. 

We  make  the  following  quotations  from  the  Board  report: 

Page  50: 

"  Beyond  this  tidal  lock  there  is  to  be  a  straight  channel  projected 
into  Panama  Bay,  with  a  bottom  width  of  300  feet  and  extending 
for  a  distance  of  3 J  miles  to  the  45-foot  contour."  (Contours  refer 
to  mean  sea  level.) 

Paffe  55 : 

"The  bottom  width  of  the  entrance  channel  leading  from  deep 
water  off  the  island  of  Flamenco  to  the  tidal  lock  near  Sosa  Hill  will 
be  300  feet,  but  the  side  slopes  will  depend  upon  the  character  of  the 
material  to  be  excavated.  Inasmuch  as  extreme  low  water  of  spring 
tides  will  occur  but  rarely,  the  depth  of  excavation  in  this  dredged 
channel  is  recommended  to  be  but  45  feet  below  mean  sea  level.  Tnis 
excavation  is  sufficient  to  give  at  least  40  feet  at  low  water  for  all 
but  those  spring  tides  having  a  range  of  more  than  10  feet.  As  the 
mean  tidal  range  in  Panama  Bay  does  not  exceed  "about  14  feet,  it 
is  considered  that  the  depth  of  excavated  channel  to  be  provided 
will  never  be  a  source  of  any  inconvenience  or  any  delay  whatever 
for  the  great  bulk  of  the  traffic  of  the  canal,  the  measure  of  the  max- 
imum inconvenience  for  ships  of  greatest  draft  seeking  the  .canal, 
if  thev  should  be  ready  to  enter  it  at  extreme  low  water  or  at  about 
that  time,  being  a  totaf  of  only  two  or  three  hours." 

By  examining  the  Official  Tide  Tables  for  1906  one  finds  that  330 
times  in  a  year  (27^  times  per  month)  there  will  be  less  than  37  feet 
in  this  channel  below  mean  sea  level.  The  time  when  there  will  be 
but  between  35  and  37  feet  totals  seven  days.  And  there  is  a  much 
longer  total  time  when  the  depth  is  less  than  40  feet,  the  standard, 
provided  at  Colon  every  day  and  hour  in  the  year,  according  to  both 
plans  of  the  Board.  The  writer  submits  that  the  Board's  conclu- 
sions are  not  well  balanced  in  respect  to  this  abridgement  of  the 
depth  and  width  of  the  Pacific  harbor  facilities  of  the  canal. 

On  chart  No.  1042  are  shown  the  contours  of  Panama  Bay  from 
mean  sea  level  outside  of  the  islands.  This  appears  to  show,  fur- 
ther, that  the  approach  shoals  beyond  their  terminus  and  that  the 
45-foot  contour  below  mean  sea  level  is  a  mile  farther  out.  This 
chart  was  not  before  the  Board,  who  used  chart  No.  1950,  which  does 
not  contain  soundings  far  enough  beyond  the  islands  to  disclose  this 
condition  on  the  canal  axis. 

Furthermore,  3,500  feet  beyond  their  terminus,  the  sailing  line, 
prolonged,  passes  over  a.  rocky  reef  carrying  but  30^  feet  at  mean  low 
tide.  It  is  some  750  feet  across  on  the  minority  line.  This  sunken 
reef  runs  three-guarters  of  a  mile  in  a  direction  20  degrees  north  of 
east  from  the  visible  rocks  called  San  Jose.  The  chart  shows  it  to 
extend  for  900  feet  directly  athwart  the  entrance  line.  On  the  sea- 
level  alignment  the  reef  is  over  a  mile  wide  and  still  shoaler. 
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Now,  this  reef  is  where  there  is  positive  wave  motion  enough  to 
affect  a  large  and  deeply  laden  steamer.  Hence  for  practical  pur- 
poses of  navigation  it  may  be  said  to  carry,  for  the  minority  not 
more  than  25  leet  at  mean  low  tide  or  33  feet  at  mean  sea  levd  and 
less  for  the  majority.  The  writer  adheres  to  the  view  that  this 
axial  line  is  wrongly  placed  from  the  standpoint  of  the  ship's  draft, 
which,  by  law  of  CJonffress,  must  be  observed.  He  still  prefers  the 
new  alignment  and  harbor  dispositions  he  advanced. 

RELOCATION  OP  PANAMA  RAILWAY  +85  SCHEME. 

We  quote  pa^e  94  of  the  Board  report: 

"  Between  Mmdi  and  Gatun  recent  survevs  show  that  the  work  will 
not  be  particularly  heavy  or  expensive.  6etween  Gatun  and  Bohio 
no  recent  or  complete  surveys  are  available,  but  the  information  at 
hand  is  sufficient  to  show  that  a  reasonably  direct  line  crossing  the 
lake  and  taking  advantage  of  the  support  afforded  by  the  highlands 
along  the  route  is  preferable  to  one  going  around  the  lake.  There 
will  be  some  heavy  work  along  this  line  at  the  crossing  of  the  Gatun 
and  other  valleys,  the  maximum  height  of  embankment  being  about 
80  feet,  which  is  not  unusual  in  railroad  construction. 

"  From  Pedro  Miguel  toward  Panama  the  railroad  may  be  located 
without  special  difficulty  around  the  margin  of  Sosa  Lake  until  the 
northerly  end  of  the  Ancon-Corozal  dam  is  reached,  and  it  can  then 
run  along  this  dam,  which  furnishes  a  direct  route  to  Panama. 

"  For  the  10  miles  of  relocation  required  between  Mindi  and  Bohio, 
$2,000,000  have  been  included  in  the  estimate,  and  for  the  6  miles  be- 
tween Pedro  Miguel  and  Panama  $400,000  have  been  so  included. 
The  estimate  of  the  Isthmian  Canal  Commission  of  1899-1901  for 
24.5  miles  from  Bohio  to  Pedro  Miguel  is,  in  round  numbers,  $1,- 
800,000,  making  the  total  estimated  cost  of  the  relocation  of  the  rail- 
road $3,700,000." 

This  is  a  serious  report.  Let  us  examine  this  "  80-foot  embank- 
ment." 

The  Maltby  survey  is  only  from  Colon  to  the  Gatim  ridge,  a  dis- 
tance of  16,000  feet-— 3  miles.  If  the  grade  across  Gatun  Lake  is  put 
high  enough  to  guard  a^inst  the  risks  of  subsidence  and  compres- 
sion of  the  swamj)  muck,  it  is  pretty  safe  to  say  that  the  embankment 
from  the  Gatun  ridge  to  Tiger  Hill  will  measure  from  top  to  bottom 
(including  10  per  cent  only  for  sinkingof  the  swamp  material)  not 
80  feet,  but  at  least  90  feet  in  height.  Doubtless  it  will  be  allowed  a 
top  width  of  24  feet,  and  since  it  is  across  a  lake  the  side  slopes  will 
be  3  to  1  and  thoroughly  riprapped  on  both  sides,  or  built  of  rock 
spoil  like  the  exposed  front  of  the  monster  dam.  Then  we  have  a 
section  which  runs  about  1,000  cubic  yards  per  foot. 

From  the  only  surveys  extant  it  appears  that  this  embankment 
may  total  from  7,000  to  10,000  feet  long,  and  must  contain  7,000,000 
to  10,000,000  cubic  yards.  And  besides  there  are  other  great  cuts  and 
fills  and  bridges.  One  can  not  but  think  that  the  $2,000,000  esti- 
mate for  the  "  10  miles "  to  Bohio  will  be  largely  exceeded.  No 
wonder  the  chief  engineer,  a  practical  railway  man,  says  he  does  not 
think  it  will  pay  to  build  such  a  line. 

Items  not  tncluded  in  estimate  of  the  Board  for  a  sea-level  plan  or 
far  the  +55  of  the  Commission  and  minority. 
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On  page  58  of  the  report  occurs  the  following  statement:  "  Total, 
$247,021,200. 

"  The  Board  is  confident  that  the  Panama  Canal  can  be  constructed 
and  completed  under  the  plans  set  forth  and  recommended  in  this 
rejwrt  within  the  preceding  total  sum  of  $247,021,200. 

'•  There  are  certain  items  of  cost,  such  as  construction  of  military 
defenses,  naval  stations,  government  of  the  Canal  2jone,  sanitation, 
light-houses,  buoying,  lighting,  and  the  provision  of  tugs,  lighters, 
derricks,  dredges,  scows,  etc.,  which  have  not  been  included.  They 
are  conmion  to  any  type  of  canal." 

From  this  it  appears  that  in  addition  to  sanitation  and  Zone  gov- 
ernment there  is  omitted:  Naval  basins,  buoying,  lighting,  tugs, 
lighters,  dredges,  scows,  etc. 

All  these  things  are  requisite  to  make  the  canal  an  operative  na- 
tional concern  and  were  estimated  in  project  B  at  $1,680,000.  (See 
p.  264,  Bates  project.) 


Comparative  concrete  in  Jocks  and  barrages. 
[All  1,000-foot  locks/except  -i- 85-900  feet.] 


Lock. 


No.)  Bates  B. 


BanKM. 
Gatun.. 


Bohio 

Pedro  Miguel. 
8o» 


Ounboa  ... 
Alhajaela. 

Quio 

Oigi|nt6.... 


Totid. 


_l 

Ou.  yds. 
1         8iD0,000 

610,000 


$10.80 
10.985 


600,000 

611,000 

2,411,000 
280,000 
80,000 
80,000 


Unit 
price. 


11.07 
10.80 


21.50 
16.00 
19.00 


2,851,000 


+  86. 


Unit  I  .<mn^^^     Unit 
price.  r*^<»*^^-  price 


Cu.  yds,                    Cu.  yds. 
$8.00  I 

1,300,000'      8.00  {     gJglJgg 

/       18,750 
ij     688,000 

662,750  I      8.00  !{     gj^'jgg 

828,660        8.00  l{      ^^J^ 
2,681,400  1 2,643,000 


-I- 


2,681,500  I 


197,000 


2,740,000 


^?**     SmIavaI  i^nit 
price,    °^  *®^®*-  price. 


$8.00 
8.00 
8.00 
8.00 


8.00 


Cu.  yds. 


490,000 

490,000 
1,000,000 


(?) 
(?) 


I 


$8.00 

"8.'66 


NoTS.— The  unit  price  in  project  B  inclndee  all  auxiliary  work  and  mechanism  at  the  locks. 

It  is  further  seen  that  the  approximate  quantities  and  lock  costs 
agree  very  closely  for  single  locks — the  difference  being  merely  due  to 
minor  questions  of  design.  To  make  the  locks  of  the  +85  compar- 
able with  the  others  as  to  quantities,  one  must  add  10  per  cent,  making 
a  total  of  268,140  cubic  yards  and  adding  about  $2,250,000  to  the  esti- 
mate for  this  minority  type. 

MILITART  ASPECT  OF  END  LOCKS. 


It  is  held  to  be  the  legitimate  conclusion  from  the  following  analy- 
sis, that  any  and  every  canal  here  is  vulnerable  in  so  many  ways  that 
it  is  a  serious  mistake  to  sacrifice  to  a  hypothetical  military  benefit 
which  in  reality  does  not  exist,  the  highest  commercial  service  of  the 
waterway. 

One  variation  of  the  minority  plan  would  move  the  Ancon-Sosa 
terminal  locks  to  Miraflores,  and  having  moved  the  Pacific  locks,  the 
canal  is  judged  safe  when  in  the  center  of  three  lines  of  possible  fire 
and  when  on  the  Atlantic  side  there  is  a  huge  staircase  of  three  locks. 


J 
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making  a  target  three-fifths  of  a  mile  long  and  250  feet  wide,  in 
Gatun  Hill,  fronting  the  Caribbean  and  3  imles  from  Limon  Bay. 

The  Chief  engineer  testified  as  follows  before  the  Senate  committee 
subsequent  to  his  letter  of  January  26,  to  the  Commission : 

"  I  proposed  about  the  same  elevation — I  think  I  said  80  feet — for 
the  high-level  canal,  as  is  proposed  in  the  minority  report,  and  I  pro- 
posed putting  my  entire  lockage  system  at  the  south  of  Pedro  Miguel 
and  Miraflores  there  together,  with  this  idea  in  view :  That  the  locks 
at  that  point  will  be  from  8J  to  9  miles — we  will  say  8  miles — in  a 
straight  line  from  the  nearest  point  where  a  ship  can  lie,  providing 
she  reduced  the  fortifications  in  the  outer  harbor.  In  other  words, 
she  would  come  up  the  mouth  of  the  canal  and  could  lie  there,  but  she 
would  have  to  throw  a  shell  8  or  9  miles  before  she  could  strike  any- 
thing that  she  could  damage. 

''  The  same  condition  prevails  exactly  on  the  north  end,  with  the 
dams  at  Gatun.  It  is  about  8  or  9  miles  to  where  a  hostile  ship  could 
lie,  unless  she  came  directly  into  the  canal.  She  would  not  have  any- 
thing to  shoot  at.  My  notion  is  that,  with  a  small  object  like  a  lock 
Iving  at  an  unknown  point — unless  the  enemy  had  absolutely  correct 
cliarts — a  ship  would  have  pretty  hard  wort  to  do  any  damage  at 
that  distance." 

The  supposition  that  "  after  the  harbor  fortifications  were  re- 
duced "  the  war  vessel  would  not  enter  the  canal,  but  would  lie  off 
only  "  8  or  9  miles  "  and  shoot  fatuously  into  the  jungle  is  surely  in- 
teresting as  a  warrant  for  spending  more  millions  than  all  Alaska 
cost  to  dig  through  the  slime-covered  morass  and  buried  rock  ridges 
of  the  lower  Rio  Grande  Vallev.  The  practically  minded  admiral 
or  general  who  "  reduces  the  harbor  fortifications "  of  Limon  or 
Panama  bays  will  reflect  that  he  does  not  then  need  to  shoot  at  locks, 
but  rather  must  hasten  to  save  them  from  the  defenders,  as  the 
Japanese  tried  to  save  the  docks  at  Dalny. 

Another  proposal  is  to  slew  the  Ancon-Sosa  lock  so  that  it  is  nearly 
at  right  angles  to  the  line  of  the  canal,  making  every  ship  passing 
through  for  all  ages  turn  around  to  enter  and  leave. 

It  is  time,  certainly,  to  reflect.  There  are  no  mysteries  in  the  science 
of  military  offensive.  Every  admiralty  will  know  to  a  dot  just  where 
the  locks  are,  and  precisely  their  relation  to  the  zones  and  angles  of 
fire  and  to  the  principal  modes  of  attack  from  the  sea.  There  are 
four  ways  that  locks  can  be  disabled  from  the  sea. 

(1)  By  gun  fire. 

Noting  me  progress  of  the  past  decade,  the  power  of  the  present 
12-inch  and  16-inch  guns,  the  constantly  increasing  range,  the  terri- 
ble accuracy  developed,  and  the  certainty  that  range  and  accuracy 
will  increase,  it  needs  small  prevision  to  register  the  certainty  that 
the  3i  extra  miles  from  Mindi  to  Gatun  or  the  4  extra  miles  from 
Sosa  to  Miraflores  offer  no  tangibly  greater  security  at  the  latter 
places  from  a  12  or  a  16  inch  gun  shooting  10  or  more  miles. 

It  is  well  to  note  that  the  Commission,  including  four  members 
bearing- in  their  titles  the  evidence  of  military  training  and  one  ac- 
tively experienced  in  defending  the  siege  of  Vicksburg,  agree  witli 
both  the  ^oard  and  minority  in  not  taking  to  the  hills  at  Miraflores 
to  "  hide  their  locks." 

(2)  By  dirigible  balloons. 
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What  does  it  matter  to  the  new  French  dirigible  dynamite  air  ships. 
one  of  which  lately  circled  over  the  defenders  of  the  border  forts  oi 
Germany,  whether  their  objective  lock  is  on  the  shore  or  a  few  miles  ^ 
from  it?  A  hostile  fleet,  without  "reducing  the  harbor  fortifica- 
tions," could  send  fifty  such  ballons  over  any  part  of  the  canal's  47 
miles, 

(3)  By  submarines  and  torpedoes. 

These  constantly  improving  weapons  of  naval  warfare,  in  daring 
hands,  may  be  utilized.  The  locks  most  exposed  are  those  of  the 
minoritv  at  La  Boca,  because  attacks  could  be  launched  from  a  wider 
zone.  I'he  tide  lock  of  the  majority  is  partially  defended  on  the 
flanks  by  the  low  rock  walls,  which  tne  latter  suggest,  parallel  to  the 
inner  end  of  their  approach.  By  far  the  best  defense  from  this  sort 
of  attack  would  be  the  breakwaters  inclosing  the  harbor.  These 
breakwaters  would  compel  such  attacks  to  run  the  close  gantlet  of 
the  channel  between  the  islands  and  a  boom  across  the  entrance, 
while  the  other  plans  omit  these,  and  their  locks  can  not  so  well  be 
defended  by  booms,  nor  can  the  enemy  be  so  easily  discovered. 

(4)  By  stone  ships. 

The  breakwaters  likewise  are  evidently  a  better  protection  against 
these  desperate  ventures  for  blocking  the  channels  than  the  meager 
provision  of  both  the  Board  schemes.  The  breakwaters  force  such 
craft  right  between  the  point-blank  cross  fire  of  the  island  forts. 

The  true  policy,  military  as  well  as  commercial,  is  to  build  the  best 
canal  that  science  can  evolve  for  navigation,  and  hold  this  isthmian 
gateway  of  the  western  continents.  Make  it  of  such  a  nature  that 
its  risks  are  averaged  over  a  number  of  easily  repaired  units,  not  con- 
centrated, as  in  one  huge  dam  or  flight  of  locks.  Make  the  break-  • 
waters  and  the  inner  fresh  harbors ;  fortify  the  terminals  and  salient 
land  points  so  effectively  that  the  United  States  can  not  be  dispos- 
sessed. The  millions  proposed  to  be  invested  in  making  a  worse  canal 
by  moving  the  locks  inland  will  be  better  employed  when  dedicated 
to  creating  suitable  naval  stations  at  each  encl  and  defenses  that  can 
not  be  reduced. 

CRITICISM  OF  THE  LINDON  W.  BATES  PLAN  BY  THE  BOARD  OF  CONSULTING 

ENGINEERS. 

It  behoves  an  engineer  responsible  for  certain  proposals  fairly  and 
squarely  to  meet  any  honest  technical  criticism.  With  the  analysis 
made  by  the  Board  much  time  can  be  spared  through  eliminating  the 
nonessentials. 

The  first  paragraph,  for  instance,  does  not  require  refutation  (p. 
26) : 

"Mr.  Bates  presents  three  projects,  designated  A,  B,  and  B'. 
*  He  does  not  appear  to  attach  great  importance  to  the  elevations  of 
the  lake  surfaces  shown  in  those  projects,  as  the  latter  are  modified 
to  almost  any  extent  under  his  general  presentation.'  " 

Its  general  tone  gives  the  impression  to  one  not  familiar  with  the 
plans  that  thejr  are  vague,  uncertain,  and  merely  general.  That  this 
IS  not  the  case  is  a  matter  of  record.  As  well  as  outlining  a  new  sys- 
tem of  treatment,  the  project  definitely  gives  with  full  detail  the 
particulars  of  project  B.    The  elevations  are  definitely  given  as  Lake 
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Chagres  33.5  feet,  Lake  Gattin  62.5  feet,  and  Lake  Panama  26.5  feet. 
Therefore,  the  first  paragraph  gives  2l  false  impression.  It  is  not  an 
engineering  criticism  to  be  combatted,  because  the  presentation  of 
September  last  from  the  first  pa^e  to  the  last  (p.  168)  was  a  dis- 
cussion and  analysis.  From  that  last  page  is  quoted  the  conclusions 
reached — ^page  168  of  "  The  Panama  Canal  system  and  projects :  " 

"  Lockage  being  practically  the  same,  therefore,  ior  the  two  projects 
A  and  B,  and  over  50,000,000  tons,  the  preponderance  of  advantage, 
unless  it  be  decided  that  the  level  of  A  can  be  advisedly  raised,  nes 
withproject  B  with  a  Gatun  dam. 

"  liierefore  that  application  of  the  author's  system  which  is  incor- 
porated into  project  B  is  the  one  which  were  best  adopted  for  the 
American  canal." 

The  second  observation  begins  (p.  27),  "The  feature  of  terminal 
lakes  is  not  new,"  etc. 

Now,  originality  is  not  an  engineering  question  which  this  Board 
was  convened  to  consider.  It  is  a  personal  question  and,  as  it  has 
been  treated,  is  here  passed. 

The  remainder  of  page  27,  down  to  the  middle  of  the  page,  is  de- 
voted to  an  inexact  description  of  the  Bates  preferred  project  B.  It 
is  of  no  particular  value  to  make  corrections  of  features  presented  at 
length  in  the  original  report,  so  these,  too,  are  passed. 

After  this  description  (middle  of  p.  28)  comes  the  discussion  of 
the  Atlantic  terminal  harbor.  This  is  an  important  matter,  and  it 
will  be  treaed  after  the  points  on  which  no  comment  is  necessary 
have  been  eliminated. 

Following  the  discussion  of  the  Atlantic  harbor  and  breakwater 
(top  of  page  28)  is  a  review  of  projects  A  at  27-foot  level  and  B'  at 
97-foot  level,  and  the  record  of  the  Board's  disapproval.  No  issue 
shall  be  taken  here  and  now  with  their  conclusion.  Various  considera- 
tions (among  them  that  this  A  is  the  only  easily  transformable  canal 
and  at  some  certain  summit  level  it  is  as  cheap  as  B)  make  this, 
the  two-lock,  terminal  lake  canal,  project  A,  worthy  of  note.  But  as 
the  Board  attests,  B  was  the  project  the  speaker  himself  qualifiedly^ 
as  above  noted,  selected  as  furnishing  the  better  canal.  Here  on  the 
threshold  consideration  of  Cie  other  is  not  given. 

It  is  considered  unnecessary  to  discuss  uie  statement  on  page  30 
that  drowning  the  fever  swamps  under  27  to  62  feet  of  fresh  water 
would  not  improve  the  sanitary  condition  of  the  Zone.  The  state- 
ment there  is  markedly  questionable,  and  it  is  put  forward  as  a 
defense  of  the  sea  level,  not  as  a  criticism  of  the  lake  canal.  So  it, 
too,  is  eliminated  from  consideration. 

A  final  criticism  to  be  eliminated  from  discussion  is  that  on  page  29 : 

"  Mr.  Bates  has  outlined  no  method  and  has  apparently  given  no 
consideration  to  such  procedures  as  would  be  required  to  transform 
his  project  B  into  a  sea-level  canal." 

And  pray,  whv  should  he?  In  preparing  his  project  he  has  cer- 
tainly not  troubled  himself  about  transforming  to  a  sea  level.  He 
was  seeking  the  very  best  and  safest  and  most  perfect  canal  he  could 
devise.  He  is  reproached  because  he  did  not  supremely  make  pro- 
cedures and  estimates  to  transform  his  canal  into  what  he  considered 
a  vastly  inferior  waterway.  The  whole  Board  having  condemned 
project  A,  also  condemns  tne  whole  idea  of  transformation  and  then 
register  their  disapproval  that  he  did  not  include  such  provisions. 
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The  fundamental  law  at  the  base  of  all  justice  is  that  a  jury  must 
be  without  self-interest,  previous  bias,  or  commitment.  What  can  be 
said,  therefore,  of  a  body  sitting  upon  such  a  world  problem  as  that 
of  the  Panama  Canal,  seven  of  whom  are  passing  judgment  upon 
iheir  own  projects?  That  the  issue  was  "predestinated"  needs  no 
further  evidence  than  the  Board's  own  criticism  here  (page  29). 

Thus  narrowed  down,  the  engineering  grounds  on  which  the  Board 
voted  down  project  B  are  in  all  four  propositions.  After  five  months 
of  study  the  combined  bodies  condensed  into  these'  paragraphs  all  the 
adverse  judgments  that  they  could  collect  Since  they  voted  unani- 
mously "  The  Board  disapproves  the  adoption  of  project  B,"  the 
arraignment  ought  to  be  of  some  technical  weight  and  conclusive. 
Turn  first  to  the  foot  of  page  28.  Four  paragraphs  consider  prices. 
The  one  specific  impeachment  relates  to  "  excavation."  The  writer, 
as  does  every  experienced  executive,  includes  in  this  its  ooroUarj 
"  embankment."  He  was  and  is  under  no  obligation  to  use  the  unit 
prices  or  methods  of  estimating  employed  by  others. 

However,  to  illustrate  the  accuracy  of  the  Board's  "  analysis,"  the 
following  table  is  subjoined,  taken  from  the  details  he  gave  (pp. 
262-263,  Board  report). 

The  Board  write  (p.  20) : 

"The  items  of  excavation  given  in  his  supplementary  'Graphic 
diagram  of  approximate  quantities'  appear  to  be  less  than  those 
which  the  Board  would  estimate  for  the  same  purpose,  but  if  the  unit 
prices  adopted  by  the  Board  be  applied  to  the  quantities  for  project  B, 
as  given  by  Mr.  Bates,  the  total  cost  of  excavation  alone,  after  de- 
ducting the  useful  French  work,  will  be  $85,289,500." 


Excavation  and  emhankment— project  J?. 
[Table,  pa^es  2(12-263.] 


Section. 


10-foot  contoar  to  shore  600  feet  wide 

Shore  to  bajdn 

Basin  to  lock 

Dam,  Oatun 

Pedro  Miguel  

MIndi  to  Pedro  Miguel 

Extia  excavation  ( to  cover  lack  of  crom  sections) 

Panama  Harbor 

Pedro  Miguel  to  8o«a 

Old  canal 

Cbami  dam 


Quantity.  |    Price. 


260,000  I 
500,000 
600,000  , 
000,000  j 
000,000  , 
000,000  , 


$0,167 

.275 
.47 

.8186 


La  Boca  dike 

LimonBav 

Naval  basins 

Bail  way  banks  (Item  VII) . 
Do. 


430.000 
400,000 
000,000 
000.000 
000,000 
800,000 
666,000 
000,000 


.22 
.32 
.15 
.16 

1.00 
.30 

1.60 
.16 


Miscellaneous  (Item  IX,  page  168B) 


Tolal . 


Amount. 


18,420,000 

275,000 

470,000 

69,760,000 

10,000,000 

3,394,000 

3,000,000^ 
160,000 
400,000 

1,000,000 
390,000 

1,000,000 
480,000 
60,000 
250,000 
980,000 


86,019,000 


What  further  comment  is  necessary?  Alone,  unaided,  paying  his 
own  staff,  the  writer's  estimate  is  within  this  very  trifle  of  that  made 
by  the  Board  with  all  the  resources  of  the  nation  at  command.  In 
an  estimate  of  over  eighty-five  million  his  figures  receive  here  ample 
justification.    Further  on  in  this  review  the  writer  will  present  fur- 
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ther  and  convincing  evidence  of  the  baselessness  of  the  other  "com- 
parisons'' regarding  dams  and  locks  and  quantities  and  prices  to 
which  the  Board  have  subscribed. 
"  Inundated  land  values  "  is  the  next  count 

The  same  criticism  is  repeated  against  the  +85',  which  also  sub- 
merges some  of  the  higher  agricultural  land  which  has  a  certain  value. 
B  submerges  almost  exclusively  terminal  swamps.  The  85'  estimates 
for  the  outside  value  of  their  submerged  land  $800,000.  If  theirs, 
inclusive  of  tillable  areas,  rates  at  but  $300,000,  the  Bates  submer- 
gence must  be  materially  lower.  He  considers  that  the  benefits 
accruing  to  the  Panama  Republic  from  the  covering  of  its  pesti- 
lential morasses  and  the  inland  navigations  of  the  new  lakes  would 
amply  compensate  for  land  values.  There  would  be  some  parity 
adjustment,  of  course. 

The  Board  finds  Mr.  Bates's  estimate  for  his  canal  over  low,  and 
states  that  its  construction  will  demand  $160,000,000.  The  cost 
would  certainly  mount  to  $160,000,000  under  the  present  manage- 
ment. Indeed,  it  would  be  vastly  exceeded.  When  the  speaker 
named  this  figure  he  named  it  not  for  a  body  of  commissioners 
executing  work  under  the  system  and  with  the  order  of  intelligence 
and  experience  they  employ.  He  was  at  the  very  greatest  pains  to 
announce  this  (pp.  160-161) : 

"  This  summary  gives  general  estimates  in  regard  to  comparative 
cost.  The  writer  is  of  the  opinion  that  detailed  estimates  have  little 
value  unless  based  upon  the  contract  system  upon  definitely  selected 
plant  and  methods  and  upon  a  precise  programme  of  execution  and 
payment.  It  can  not  be  too  clearly  realized  that  the  unit  costs  of 
building  structures,  of  making  the  excavations,  and  of  distributing  the 
spoil  must  and  will  vary  greatly  in  the  various  projects  and  accord- 
ing to  the  means  and  methods  employed  and  whether  the  contract 
or  Government  eight-hour-day  work  system  be  pursued. 

"  It  is  under  the  assumption  of  a  contract  system,  with  the  greater 
economies  and  efficiency  which  it  insures,  and  embodying  his  own 
experience  in  encountering  hydraulic  problems  at  home  and  abroad 
into  his  purposed  means  and  methods  tnat  the  writer  makes  for  him- 
self his  schedule  of  unit  prices  and  arrives  at  the  table  of  costs. 

'"  He  submitK  that  his  plans  can  be  best  executed  by  an  organization 
having  an  adequate  capital  which  will  enable  the  whole  work,  engi- 
neering and  executive,  to  be  responsibly  undertaken  under  proper 
•  safeguards  for  the  following  definite  sums  per  statute  mile  as  and 
when  completed,  the  canal  reckoned  as  40  miles  from  sea  to  sea,  gov- 
ernment, administration,  sanitation,  and  policing  costs  not  included." 

Further,  to  the  Board,  he  detailed  the  basis  as  follows  (Board 
Report,  pp.  261-262,  items  I  to  VII) : 

"  The  prices  herein  presented  are  based  upon  the  following  prem- 
ises : 

"  I.  A  contract  for  the  engineering  execution  of  a  definite  project, 
with  a  proper  programme  of  execution,  with  acceptable  terms  and 
times  ofpayment,  under  suitable  guaranties  and  proper  inspection. 

"  II.  Free  right  of  way  for  all  operations ;  exemption  from  taxes, 
dues,  duties  at  the  Isthmus,  imports  of  United  States  Government, 
Republic  of  Panama,  State  or  municipal  charges  of  any  kind. 

**  III.  Free  use  and  consumption  for  general  purposes  of  all  Gov- 
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eminent  property,  material,  plant,  etc.,  at  the  Isthmus,  or  purchased 
therefor. 

"  IV.  The  free  use  of  Panama  Railway  and  its  property  through  a 
contract  with  the  Government  to  execute  its  public  service,  to  trans- 
port passengers,  freight,  mail,  express  matter,  locally  and  across  the 
Isthmus,  for  fixed  prices  per  passenger  and  ton  mile;  to  equip,  extend, 
maintain,  and  operate  the  railway  for  the  time  of  canal  construction, 
the  Government  to  take  care  of  the  bonds.  All  through  rates  of 
traffic  agreements  to  be  abrogated  and  a  spot-cash  system  at  the 
Isthmus  substituted. 

"  V.  The  government  of  the  Zone  to  have  the  care  and  expense  of 
hospitals,  sanitation,  and  policing,  and  regulation  of  the  liquor 
traffic. 

"  VI.  Contractors'  employees  to  work  and  to  be  paid  by  the  hour. 

"  VII.  Reenforced  concrete  to  be  employed  in  structural  designs, 
where  practicable  instead  of  masonry  or  solid  concrete.  Designs  to 
be  approved  by  Government." 

He  states  as  clearly  as  the  English  language  can  state  anything 
that  his  estimates  were  not  at  all  those  which  the  canal  under  its 
Commissioners  would  require.  They  were  those  which  he  individ- 
lially  as  a  contractor  would  quote  for  the  building  of  the  waterway 
under  his  own  methods.  The  test  of  all  prices  is  on  the  finality, 
what  men  will  contract  and  put  down  money  to  execute  and  deliver. 
He  set  his  estimates  up  against  that  supreme,  that  final,  that  unchal- 
lengeable test.  To  its  logic  there  is  no  argument;  from  its  verdict 
there  is  no  appeal.  He  rested  the  question  of  his  canal's  cost  there, 
and  on  the  canal  finances  as  they  were  publicly  supposed  to  exist  in 
the  summer  of  1905.  Since  then  "  a  river  of  money  has  run  under 
the  bridge."  At  least  $16,600,000,  perchance  much  more,  has  gone 
into  a  "fixed  investment,"  whose  real  value  taanv  project  is  a  fit 
subject  for  reflection.  Commission  methods  and  calculations  include 
certain  indulgences  of  expense  which  a  contractor  would  expect  to 
forego. 

The  writer  did  not  reckon  upon  buying  steamships  for  nearly  60 
per  cent  more  than  their  value,  steam  dredges,  shovels,  and  locomo- 
tives, and  a  world  of  stuff  before  determining  the  type  of  canal  or  a 
progranmie  of  methods  and  execution.  He  dia  not  recKon,  for  instance, 
upon  some  purchases  reported  to  have  been  made  by  the  Isthmian 
Canal  Commission. 

Serial  No.  207,  of  April  15j  1905,  bids  for  which  were  opened  May 
12, 1905,  in  class  12  a  requisition  for  104,000  pairs  of  butt  hinges,  and 
again  in  Serial  No.  289,  of  November  20,  1905,  bids  for  which  were 
opened  on  December  8,  1906,  we  find  in  class  28  nearly  84,000  pairs 
more  of  the  same  article,  making  a  total  of  188,000  pairs.  There 
were  also  purchased  on  open  purchase  requisition  by  the  New  York 
purchasing  agent  of  the  Canal  Commission  prior  to  April  15,  1905, 
about  60,(W0  more  pairs  of  T  butts  and  strap  hinges. 

One  pair  of  hinges  is  all  that  is  necessary  to  hang  one  door  or  win- 
dow, so  that  provisi(m  is  herein  made  for  about  250,000  doors  or  win- 
dows.   This  is  a  devotion  to  the  open  door — to  250,000  of  them ! 

Again,  in  Serial  No.  289,  as  above  mentioned,  hinges  were  specified 
as  "bronze  plate  on  steel."  The  difference  in  cost  between  these  and 
the  plain  steel  for  the  quantity  specified  is  approximately  $6,000. 
A  costly  open  door ! 
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In  Serial  No.  207,  class  11,  of  the  same  dates  as  above,  there  are 
called  for  117,500  steel  set  screws  in  quantities  of  2,500  of  each  size 
from  three-eighths  to  1  inch  in  diameter,  and  also  130,000  hexa- 

§on  cap  screws  in  all  sizes  from  one-fourth  to  1  inch  in  diameter, 
uch  a  stock  of  set  and  cap  screws  could  not  be  found  ih  any  factory 
or  warehouse  in  this  country.  In  fact,  many  of  the  sizes  nad  to  he 
made  up  specially.  The  writer  does  not"empl<5y  a  dozen  on  a 
$250,000  dredge. 

Just  exactly  what  use  there  could  be  for  such  a  quantity  of  this 
material  it  is  hard  tq  imagine,  especially  as  there  is  very  little  machin- 
ery being  built  on  the  Isthmus. 

In  Serial  No.  216  of  April  19,  bids  for  which  were  opened  on  May 
17,  1905,  we  find  specified  in  all  2  100  rail  saw  machines  of  the 
"  Bryant "  type.  These  are  small  machines,  operated  by  hand  power, 
using  circular  cold  cutting  saws.  They  are  needed  hy  section  gangs  a  nd 
track  layers.  This  number  would  allow  two  machines  per  mile  on  the 
Panama  Railroad.  The  great  railroad  systems  of  the  United  States 
do  not  have  ordinarily  more  than  one  machine  of 'this-  type  to  every 
third  section  of  5  or  10  miles.  The  approximate  cost  of  this  class 
was  $10,000. 

In  the  same  Serial  No.  216,  in  class  No.  28,  were  specified  5,916 
dozen  files.  These  were  of  all  kinds,  including  different  shapes  and 
cuts.  They  took  in  practically  the  entire  file  list  from  beginning  to 
end.  The  quantities  on  the  items  specified  were  away  out  of  proportion 
to  commercial  practice,  as  they  ordered  the  same  quantities  of  all 
lengths.  Ordinarily  where  100  dozen  of  10,  12,  and  14  inch  files  are 
specified  25  dozen  of  4  and  6  inch  are  ordered  and  10  dozen  of  18- 
inch,  and  usually  a  larger  (quantity  of  8-inch  than  any  other.  The 
enormous  size  of  this  requisition  makes  one  wonder  what  unwonted 
office  files  are  to  serre  on  the  Isthmus.  It  is  safe  to  say  that  there  is 
no  manufacturing  concern  in  the  United  States  that  could  use  this 
quantity  annually. 

In  Serial  No.  216,  class  No.  34,  there  were  specified  19,000  pounds 
of  various  kinds  of  steam  and  water  packing.  With  only  a  few 
steam  shovels,  a  few  locomotives,  and  a  small  number  of  stationary 
engines  and  boilers,  this  amount  of  packing  was  excessive.  There 
was  also  purchased  on  August  17  2,500  pounds  more  of  packing,  as 
was  callea  for  in  Serial  No.  265  of  August  7.  Still  another  item  was 
for  thousands  and  thousands  and  then  more  thousands  of  handsaws 
26  inches  long. 

The  above  are  only  a  few  purchases  which  show  the  extreme  care- 
lessness, or  possibly  lack  of  knowledge,  with  which  these  rec|uisitions 
have  been  made,  passed  upon,  and  purchased.  These  items  are 
merely  in  the  line  of  supplies.  It  is  probable  that  the  machinery 
department  will  show  up  even  more  glaringly. 

Further,  in  making  his  price  the  writer  did  not  reckon  on  handing 
his  fuel  item  over  to  other  mercies  or  in  negotiating  with  any  coun- 
try but  the  United  States.  Making  now  again  his  reserves,  and 
believing  nevertheless  that  there  is  a  sure  way  out  of  this  Cretan 
labyrinth,  he  turns  to  a  more  agreeable  topic. 

After  disapproving  "  B "  the  Board  naively  observes  that  the 
difference  between  "  B  "  and  the  Board's  recommended  60- foot  "  is 
not  great."  "  Such  difference  as  exists  is  found  chiefly  in  the  more 
costly  structures  of  Mr.  Bates's  project,  such  as  the  dam  and  spill- 
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way  at  Pedro  Miguel  and  the  works  of  the  Obispo  triangle  and  in 
the  effective  system  of  control  of  the  Chasres  flood."  The  difference 
between  "  B  "and  the  majority's  "  60-foot "  desi^  is  here  categorically 
defined.  It  consists  not  in  difference  of  principle  or  places  or  haz- 
ards or  engineering  perplexities,  but  in  difference,  they  claim,  of  costs. 
This  is  the  most  important  statement  in  the  whole  review,  for  it 
settles  bejond  controversy  by  the  assertion  of  the  Board  itself  that 
the  inferiority  of  "  B  "  over  their  60- foot  is  as  announced,  viz : 

1.  Great  cost  of  dam  and  spillway  at  Pedro  Miguel. 

2.  Greater  cost  of  the  works  at  Obispo  triangle. 

3.  Less  effective  control  of  two  low  dams  which  let  the  water  run 
out  than  by  one  high  dam  which  holds  it  imprisoned. 

The  cost  of  the  dam  and  spillw^  at  Pedro  Miguel  is  given  in  his 
estimate  (p.  262)  at  $7,000,000.  The  cost  of  the  concrete  structure, 
etc.,  there,  as  given  in  the  85-foot  estimates,  is  (p.  97)  $7,288,000. 
The  Bates  constructions  are  cheaper  by  $288,000. 

TERMINAL   HABBOBS. 

The  next  judgment  is,  "  His  harbors  are  ambitious."  He  accepts 
the  adjective  with  all  that  it  includes  for  him  and  for  them.  Termi- 
nal facilities  are  an  integral  and  indispensable  feature  to  this  water- 
way. They  are  as  vital  to  it  as  its  dams  or  its  water  courses.  No 
shijp  can  enter  or  leave  the  canal  till  right  preparations  are  made  to  * 
receive  and  to  safeguard  her. 

The  Spooner  Act  is  explicit  as  to  provisions  and  adequacy.  Na- 
ture in  thepossibilities  of  the  conformation  at  Panama,  had  been  pro- 
pitious. The  writer  accepted  her  favoring  lead  and  provided 
worthily  for  this  world's  canal. 

The  Bates  harbors,  with  their  combination  of  salt  and  fresh  water, 
were  unique  and  single,  and  unmatched  in  all  the  reaches  of  the  globe. 
In  size,  availability,  and  serviceability  to  commerce  they  were  the 
most  perfect  he  could  conceive.  Further,  his  estimates  provided 
and  included  them. 

How  do  the  others  comply  with  the  Spooner  Act?  What  have 
they  provided  ?  Practically  nothing  at  Panama.  The  International 
Board  convened  to  settle,  once  and  finally,  all  problems  for  Panama 
decide  to  not  consider  these  at  all.  The  minority  does  not  so  much 
as  locate  its  Atlantic  terminus.  If  it  shall  be  at  Colon,  or  at  the  , 
lock  site  8  miles  awav  from  Colon,  or  at  some  spot  between,  it  does 
not  deign  to  say.  "fes,  in  comparison  with  what  the  Board  con- 
sidered necessary  and  in  measure  and  degree  to  their  creations,  his 
harbors  for  the  Manama  Canal  were  indeed  "  ambitious." 

The  Board  believes  finally  (see  also  last  paragraph,  p.  29)  "  that 
the  proposed  method  of  control  of  the  Chagres  by  a  number  of  small 
reservoirs  at  Gamboa  and  above  that  point  on  tne  river  will  be  less 
effective  and  more  expensive  to  maintam  than  that  resulting  from  the 
construction  of  a  single  larger  reservoir  with  a  180-foot  masonry  dam 
at  Gamboa."  What  number  of  small  reservoirs  does  "  B  "  propose  at 
Gamboa? 

It  proposes  one  undersluice  dam  at  Gamboa  and  one  undersluice 
dam  at  Alhajuela — ^two,  each  the  same  height  as  the  Assuan,  in 
Egypt.  These  and  these  alone  are  the  constructions  designed  for  the 
control  of  the  upper  Chagres,  so  these  two  dams  are  the  sole  elements 
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whatsoever  which  concern  the  Chagres  under  Project  B.  The  criti- 
cism of  the  Board  is  therefore  that  two  are  "  less  effective  and  more 
expensive  to  maintain  "  than  one  single  larger  reservoir  with  a  suit- 
able dam  at  Gamboa. 

How  are  two  empty  reservoirs  with  controlled  outlets  less  effective 
for  accommodating  a  flood  than  one  full  one,  whose  surface  has  to  be 
"  depressed  ?  "  Wnat  weatherwise  formula  will  tell  when  to  depress 
the  high  lake  which  they  propose  and  show  ?  This  is  a  simple  un- 
technical  question  of  averaging  risks.  If  any  accident  befalls  their 
monumental  Gamboa  dam,  uiey  have  no  second  guard,  whereas  to  the 
normally  empty  first  one  at  Gamboa  Mr.  Bates  nas  as  outer  defense, 
in  case  of  accident,  a  second  normally  empty  one  at  Alhajuela.  Now, 
which  is  probably  the  safer  arrangement — two  dams  and  a  lake 
-|-62.5,  or  one  great  structure?  Each  man  can  estimate  for  himself. 
As  to  the  expensiveness,  the  two  low  dams  were  figured  at  $6,470,000, 
using  high  unit  prices.  The  Board  gives  as  the  cost  of  its  one  Gam- 
boa dam  $6,000,000,  so  the  Board's  own  figures  are  against  its  state- 
ment regarding  costs  by  $630,000. 

The  writer  entertains  no  doubt  that  any  contractor  would  rather 
build  his  Alhajuela  and  Gamboa  dams  together  for  $5,470,000  than 
their  Gamboa  dam  for  $6,000,000,  as  the  volume  of  concrete  is  far  less 
if  a  concrete  dam  is  adopted.     This  point  the  Board  leaves  open. 

The  second  difference  lies  therefore  in  the  more  or  less  eflBciency  of 
*  two  empty  basins  over  one  full  one.  We  revert  now  to  the  four  lines 
on  page  29.    We  quote : 

''It  is  the  further  judgment  of  the  Board  that  the  proposed  designs 
for  the  dams,  dikes,  or  barrages  proposed  to  be  constructed  at  La 
Boca,  Mindi,  Gatun,  or  Bohio  do  not  show  the  incorporation  of  such 
features  of  construction  as  will  give  reasonable  assurance  of  their 
stability  or  efiiciencv  for  the  purpose  contemplated,  and  that  a  proper 
provision  of  those  features  would  greatly  swell  the  costs  indicated  by 
Mr.  Bates." 

Here  is  a  very  vital  challenge,  one  which,  if  founded  in  good  faith 
and  as  a  deliberate  engineering  jud^ent,  would  be  a  most  serious 
consideration.  What,  then,  can  be  said  to  this  judgment  pronounced 
by  men  who  incorporate  into  their  own  designs  the  very  same  orders 
of  dam  and  barrage,  build  them  to  two  or  three  times  the  height,  on 
the  exact  same  foundations?  Can  such  a  procedure  be  justified  in 
any  way  ?  "  The  dams  or  'dikes  at  La  Boca,  Bohio,  Mindi,  and 
Gatun."  There  is  no  dam  at  Bohio  in  project  B.  As  his  text  as- 
serts, Mr.  Bates  after  systematic  discussion  eliminated  a  dam  at 
Bohio.  At  the  other  three  sites  the  Bates  designs  are  of  the  best 
Holland  or  Morrison  type.  Both  are  given  on  Pis.  X  and  XI  and  in 
exact  detail  in  Pis.  VI  and  VII,  the  sheet  piling  being  distinctly 
visible.  Dams  are  not  built  without  "  preparing  "  the  ground,  and 
certainly  no  man  whose  money  was  guaranteeing  a  structure  would 
be  likely  to  fail  to  prepare  the  site  in  making  ready.  This  prelim- 
inary work  is  noted  and  detailed  in  the  estimate  (p.  262).  The 
stripping,  so  far  as  practicable,  is  done  by  hydraulic  dredges,  as  is 
the  writer's  custom. 

Now  note.  It  is  written  that  Mr.  Bates's  regular  w^orld-old  Mor- 
rison design  does  not  give  assurance  of  stability.  Well,  does  the 
entire  integrity  of  the  85-foot  canal  rest  at  Gatun  on  a  Morrison- 
type  dam,  whatever  new  name  may  be  given  it,  with  three  times  the 
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head  which  project  B  employs  on  the  same  site?  If  it  is  question- 
able for  a  height  of  75  feet  or  80  feet  with  a  net  head  of  but  29  feet, 
as  advised  for  Gatun,  why  in  the  name  of  sanity  is  it  recommended 
for  a  135' foot  dam  there  Holding  back  an  85- foot  lake? 

The  minority  has  on  the  Panama  side  three  dams  of  a  similar  char- 
acter, with  a  maximum  head  of  65  feet  and  totaling  over  2  Jf/4  miUs. 
(See  plan.) 

BABRAOES. 

These  of  "  B  "  are  of  the  undersluice  type,  an  existing  instance  of 
which  is  in  visible  operation  at  Assuan,  in  Egypt.  The  85-foot  in- 
corporates here  affain  the  selfsame  undersluice  type  at  the  selfsame 
Gatun.  Mr.  Bates's  undersluice  barrages  are  lower  than  all  the  others. 
He  put  in  three  dams  of  this  order — at  Gamboa,  Alhajuela,  and 
Cano — founding  them  in  each  case  upon  rock. 

The  sea  level  has  put  this  same  type  dam  at  Gamboa  for  the  dis- 
charge into  the  canal  when  the  Chagres  would  be  in  flood,  and  an 
iinder-sluice  barrage  near  Corozal  to  let  "  one-third  "  of  it  out.  Four 
instances !  So  the  criticism  is  certainly  not  justified  from  either  ma- 
jority or  minority. 

Let  us  see  now,  on  the  other  hand,  how  the  sei^  level  carries  the 
Chagres.  It  has  diversions  parallel  to  the  canal  on  both  sides  and 
separated  from  it  by  artificial  dikes  or  levees  forming  literally  earth 
dams  dozens  of  miles  long,  with  the  two  new  rivers  nigher  than  the 
canal  waterway.  There  is  no  pretense  made  that  these  rushing 
streams  are  confined  to  their  beds  by  rock  fills  equivalent  to  what  is 
incorporated  into  the  Morrison  type.  There  is  no  disguise  of  the 
fact  tnat  this  whole  system  of  dikes  is  mostly  founded  upon  erodable 
alluvium. 

Both  parties  therefore  are  shown  incontrovertibly  to  be  using  the 
identical  dams  under  the  identical  conditions,  but  to  be  making  them 
vastly  more  perilous  and  unsafe. 

This,  then,  finishes  the  verdict  upon  "  B." 

BOABD'S    +60  LOCK   PBOJECT. 

We  turn  next  to  the  lock  project  which  the  majority  recommends. 
They  write  these  words: 

"This  project  (Bates's  '  B ')  is  less  well  adapted  for  transforma- 
tion to  a  sea  level  than  the  lock  plan  with  a  summit  level  of  60  feet 
above  mean  tide,  adopted  by  the  Board  for  comparison,  althmigh  the 
difference  between  the  two  ts  not  great.^^ 

Indeed,  the  writer  would  be  startled  at  the  similarity  if  he  had  not 
already  analyzed  its  possibilities  long  before  the  Board  was  con- 
vened.* 

This,  by  a  vote  of  9  to  4,  is  denominated  the  best  possible  lock  canal. 
It  was  substantially  a  sea-level  vote.  This  is  not  the  best  lock  plan, 
although  it  is  better  than  the  -|-85.  A  huge  Gamboa  dam  locKage 
capacity,  limited  to  the  rain  that  falls  above  Bohio,  more  excavation 
below  Bohio,  3  miles  shorter  lake,  and  3  miles  more  of  uncovered 
raorass,  no  Panama  reclamation,  no  Panama  breakwaters  or  silt-pro- 
tected entrance,  etc.  The  writer  recognizes  the  likeness,  but  sees  no 
reason  to  indorse  the  decision  that  it  is  the  best. 
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The  outer  Colon  Harbor  (p.  28)  is  here  to  be  considered  in  con- 
nection with  the  subject  of  the  costs.  As  a  reason  for  rejecting 
the  costs  estimated  by  Mr.  Bates,  the  following  is  given  (p.  29) : 

"The  extended  examination  which  the  Board  has  given  to  Mr. 
Bates's  Project  B  fails  to  indicate  that  the  work  ♦  *  ♦  can  be 
completed  tor  a  sum  much  less  than  amount  50  per  cent  in  excess 
of  his  estimate  of  $134,000,000,  including  the  additional  cost  of  the 
outer  breakwater  at  Limon  Bay,"  etc. 

Mr.  Bates  declined  with  emphasis  to  father  the  27-year-old  chimer- 
ical and  extravagant  project  for  breakwaters  across  the  mouth  of 
Limon  Bay,  which  was  resurrected  by  the  engineering  committee 
of  the  Walker  Commission  in  January  of  last  year.  The  recom- 
mendation of  this  committee,  who  also  sign  the  majority  report,  was 
as  follows  (vide  p.  294,  Isthmian  Canal  Keport  of  January  8, 1906)  : 

"  For  these  reasons  the  committee  unanimously  recommend  that 
plans  and  specifications  be  at  once  prepared  for  a  breakwater  extend- 
ing across  the  mouth  of  Limon  Bay,  approximately  on  the  line 
drawn  from  the  light  on  Toro  Point  to  the  Colon  light.  This 
breakwater  will  probably  be  designed  in  two  parts,  each  atbout  4,000 
feet  long,  with  an  opening  between  them  700  to  800  feet  wide  for 
the  entrance  of  ships.'' 

This  plan  the  writer  espe<;ially  deprecates  in  his  "  System  and 
projects,^'  as  follows  (pp.  97,  98)  : 

"  Throwing  two  great  arms  across  the  mouth  of  the  bay  ♦  *  * 
is  superficially  an  attractive  project.  Such  breakwaters  possess  the 
advantage  of  making  it  easier  and  cheaper  to  dredge  the  approach, 
but  it  means  the  greatest  ultimate  expense,  as  stone  spoil  must  either 
be  hauled  long,  unnecessary  distances  or  be  quarried  specially  for 
the  purpose.  The  latter  must  involve  very  great  expense,  as  these 
breakwaters  are  founded  in  the  deepest  water  and  must  be  of  much 
greater  volume  to  resist  the  sea.  Tne  cheapest  and  best  breakwater 
will  be,  as  indicated,  off  Mindi  Point,  because  it  is  founded  in  shal- 
low water." 

To  the  estimated  cost  of  his  project  the  writer  declines  to  admit 
that  of  a  breakwater  rejected  by  all,  superfluous  to  his  plan. 

SEA-LEVEL   CRITICISM — ^TTDE   LOCK   AT   PANAMA. 

As  premises,  we  quote  Board  report,  majority,  minority  presuma- 
bly assenting,  as  they  do  not  disclaim  their  participation  in  the 
responsibility. 

Board  report  (p.  56)  reads: 

"  The  question  of  the  necessity  of  a  tidal  lock  at  the  Panama  end  of 
the  canal  has  been  raised  by  engineers  of  repute,  but  the  limited 
time  available  to  the  Board  has  not  permitted  the  full  consideration 
of  this  question  which  is  desirable.  It  is  probable  that  in  the  ab- 
sence of  a  tidal  lock  the  tidal  currents  during  extreme  spring  oscil- 
lations would  reach  6  miles  per  hour.  While  it  might  be  possible  to 
devise  facilities  which  would  permit  ships  of  large  size  to  enter  or 
leave  the  canal  during  the  existence  of  such  currents,  the  Board  has 
considered  it  advisable  to  contemplate  and  estimate  for  twin  tidal 
locks  near  Sosa  Hill,  even  though  the  period  during  which  they 
would  be  needed  would  probably  be  confined  to  a  part  of  each  spring 
tide. 
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"The  highest  recently  recorded  range  of  spring  tides  which  the 
Board  has  seen  (September,  1905)  was  19  reet  9  inches  between 
extreme  low  and  extreme  high  water,  while  from  1882  to  1887  the 
highest  amplitude  reported  was  20.93  feet.  With  such  tides  for  a 
bnef  perioa  at  dead  low  water  there  would  be  a  differential  head  of 
about  10  feet — that  is  to  say,  the  water  in  the  canal  would  be  10  feet 
above  that  in  the  bay,  while  at  extreme  high  water  for  a  correspond- 
ingly short  period  the  level  of  the  water  in  the  bay  would  be  10  feet 
higlier  than  that  in  the  canal. 

"At  the  period  of  mean  tide  there  would  be  no  difference  of  level 
between  the  bay  and  the  canal,  so  that  during  that  period  of  the 
tide  all  the  gates  of  the  tidal  lock  could  be  open,  leaving  an  unob- 
structed passage  for  vessels  until  the  approach  of  the  flocS  tide  ren- 
dered it  necessary  for  the  gates  to  be  closed  until  slack  water  would 
again  be  reached,  and  so  on  for  each  succeeding  spring  tide.  During 
neap  tides  the  range  is  so  small  that  it  will  not  be  found  necessary  to 
bring  the  gates  of  the  lock  into  use.  Consequently  throughout  the 
neap  perioa  of  each  tidal  cycle  a  continuously  open  and  unw)structed 
passage  for  traffic  will  be  provided  through  the  tidal  locks. 

"  If  the  matter  be  put  into  fibres  for  the  sake  of  comparison,  it 
will  appear  (1)  that  in  the  proiect  for  the  sea-level  canal  one  lock 
may  be  required  at  times  at  the  i^anama  end  of  the  waterway.  For 
one-half  of  each  tfdal  cycle  of  fourteen  days  the  gates  may  be 
operated  to  control  a  difference  of  head  of  an  average  height  or  depth 
01  about  8  feet  for  short  periods  on  each  tide,  while  for  the  remainder 
the  difference  of  level  between  canal  and  ocean  will  be  negligible. 
For  the  remaining  half  of  each  tidal  cycle  the  gates  will  be  out  of 
operation  and  the  locks  will  present  an  open  ana  unobstructed  chan- 
nel, and  (2)  that  in  the  project  for  the  lock  canal  six  locks  or  even 
more  will  h!e  required  for  a  canal  with  a  summit  level  80  to  90  feet 
above  the  mean  level" of  the  sea;  that  these  locks  will  have  differ- 
ences of  level  ranging  from  about  27  to  35  feet;  that  their  operation 
will  be  perennial^  they  will  always  be  required,  and  consequently 
that  the  menace  which  they  will  present  to  the  safe  navigation  of 
the  canal  by  large  steamers  can  not  be  avoided  and  will  be  cumula- 
tive, i.  e.,  must  be  multiplied  by  the  number  of  lockages  to  which 
such  vessels  will  be  subjected  during  their  passage  through  the 
canal." 

This  is  supplemented  by  the  leading  expounder  of  the  sea-level 
majoritybefore  the  Senate  conunittee,  March  8, 1906. 

"Q.  Would  not  the  same  objection  apply  equally  to  a  sea-level 
canal  where  you  had  to  pass  a  lock  gate  to  get  into  it?  " 

"A.  No;  it  would  not.  Senator.  One-half  of  the  time  the  tidal 
gates  would  be  wide  open,  and  the  ships  would  simply  pass  in  as  fast 
as  they  arrived,  one  after  the  other,  and  during  the  extreme  tides, 
when  the  lock  would  have  to  be  used,  it  would  be  a  single  lock,  like 
the  St.  Marys  Falls,  but  with  only  half  of  the  lift  of  that  lock — that 
is,  assuming  that  the  tidal  lock  must  necessarily  be  there,  and  that  is 
what  we  do  assume.  So  that  there  could  be  no  such  congestion  with 
a  sea-level  canal,  and  that  is,  to  my  mind,  one  of  the  most  important 
elements  of  the  whole  question." 

We  have  had  a  further  "  exposition  "  of  this  principle  by  a  well- 
meaning  author.  The  gentlemen  are  a  bit  misled ;  they  are  discuss- 
ing the  flow  of  water,  evidently  without  experienced  regard  for  the 
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conditions  and  safety  of  navigation.  The  canal  is  built  for  commeroe 
to  flow,  not  for  water  to  flow. 

Turn  to  the  very  example  on  which  this  argument  is  based. 

Here  is  an  oi&cial  map  of  the  Manchester  Canal,  obtained  in  Man- 
chester from  the  canal  corporation  not  sixty  days  ago.  In  the  gen- 
eral description,  on  the  upper  center  of  this  map,  we  read : 

"The  tiaal  portion  from  Eastham  to  Latchford  locks  (21  miles)  is 
maintained  at  a  minimum  level  of  14  feet  2  indies  above  .Old  Dock 
gill  (or  9  feet  6  inches  above  ordnance  datum — ^i.  e.,  mean  sea  level).'' 

Please  note  the  canal  level  is  9  feet  6  inches  above  mean  sea  level. 
The  average  high  water  «of  neaps  is  11  feet  7  inches  above  mean  sea 
level — ^i.  e.,  2  feet  1  inch  above  the  canal  level.  The  average  high- 
spring  tide  is  18  feet  10  inches — ^i.  e.,  9  feet  4  inches  above  mean  sea 
level  (vide  map,  lower  left  corner) . 

Now,  in  order  that  the  canal  corporation  should  get  a  charter  from 
Parliament,  it  had  to  agree  to  keep  the  lock  gates  open  at  all  stages 
of  neaps  and  springs  above  +9  leet  6  inches — ^the  canal  standard 
level ;  to  close  the  gates  at  the  moment  of  high  water,  and  to  allow 
the  tidal  prism  thus  impounded  to  escape  (down  to  the  canal's  stand- 
ard level,  9  feet  6  inches  above  mean  sea  level)  through  sluices,  empty- 
ing into  the  upper  reaches  of  the  Kiver  Mersey. 

The  canal  advocates  fought  tooth  and  nail  to  avoid  the  insertion  of 
this  provision  in  the  act,  but  the  liverpool  interests  demanded  it  as 
the  price  of  the  bill,  in  order  that  this  tidal  volume  might  be  utilized 
to  increase  the  scour  through  the  lower  Mersey  and  its  ocean  bar. 

The  writer  is  familiar  with  that  Manchester  canal  tide  lock.  He 
has  watched  the  operation  and  discussed  the  situation  with  men  in 
daily  and  hourly  contact  with  it. 

First.  No  water  is  allowed  to  ftow  out  through  the  lock  gates  at 
ebb  tide.  All  vessels  lock  out  at  the  period  of  ebo  tides,  whether  the 
water  in  the  Mersey  is  above  or  below  the  canal  datum  (9  feet  6  inches 
above  mean  sea  level).    The  gates  are  not  open  at  the  ebb. 

Second.  When  the  tide  is  coming  in  (is  flooding) — ^whether  neap 
or  spring — and  the  gates  are  open,  oy  force  of  or  in  compliance  witn 
the  law,  no  vessel  ever  essays  to  enter. 

It  is  too  dangerous  to  enter  a  lock  with  the  current.  A  lock  can 
be  safely  entered  only  when  there  is  slack  water  or  an  opposing 
current. 

Just  as  in  the  Manchester,  so  in  the  Panama.  No  pilot  will  at- 
tempt, no  owner  will  permit,  no  insurance  company  will  insure  a 
vessel  to  pass  the  tide  locks  with  the  tide,  whether  ebb  or  flood,  spring 
or  neap.  Fancy  a  new  Cunarder  worth  $7,500,000  trying  to  go 
through  a  rock-lined  passage  with  the  current  and  with  6  feet  of  mar- 
gin on  either  side.  It  is  simply  absurd.  Against  the  current,  yes; 
the  vessel  will  steer.    With  the  current,  absolutely,  no. 

At  the  Manchester  to-day,  therefore,  the  transit  capacity  of  the 
canal  would  be  actually  increased  if  that  law  was  abrogated  and  if 
the  lock  could  be  used  all  the  time. 

A  sea -level  canal,  therefore,  with  open  gates  "half  the  time  "  is  a 
delusion.  It  would  appear  to  be  time  that  th'ose  "  who  go  down  to 
the  sea  in  ships  "  and  the  Lloyds,  who  insure  them,  should  have  the 
voice  which  complacency  has  denied  them. 
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CONCLUSIONS. 
BELATI0N6   OF   CULEBBA   SECTION   TO   TRANSIT   ANP   CAPACITY. 

The  influence  of  the  section  from  Bas  Obispo  to  Miraflores  upon 
the  time  of  transit  and  upon  the  capacity  of  the  waterway  to  pa5B 
vessels  depends  on  four  thm^ : 

1.  There  must  be  a  reception  and  turning  basin  at  the  north  end 
of  the  constricted  division. 

2.  There  must  be  a  similar  provision  at  the  south  end. 

3.  There  must  be  turn-out  provisions,  "  gares,"  as  they  are  called 
on  the  Suez.  At  first  these  can  not  be  over  4  miles  apart,  but 
as  the  number  of  ships  seeking  passage  increases,  intermediate 
^  gares  "  or  ^m-aut  wideninga  must  be  provided. 

4.  These  relations  depend  on  the  length  of  the  narrow  rock- walled 
section,  "200  feet  wide  on  the  bottom  and  208  feet  wide  at  the 
water  line."  In  the  sea-level  plan  this  length  is  at  least  over  11 
miles  from  below  Bas  Obispo  to  Miraflores.  In  the  +85  and  in 
project  B  the  distance  is  8  miles  from  the  Obispo  triangle  to  the 
reception  basin  above  the  Pedro  Miguel  lock. 

Now  it  appears  to  have  been  assumed  that  all  types  and  sizes 
of  vessels  can  pass  each  other  in  the  smooth  rock-walled  passage  pre- 
sented by  the  JSoard.  It  has  been  contended  that  when  ships  pass 
one  will  be  tied  up  to  the  bank;  then  the  other  can  pass  saiely. 
But  this  all  depends  on  size.  The  writer  submits  that  vessels  over 
65  feet  in  beam  can  not  and  will  not  be  permitted  to  pass  each 
other  in  this  fashion.  One  or  the  other  steamer  will  wait  at  the  ends 
of  the  gorge  until  the  way  is  clear  against  meeting  any  ship,  and 
will  then  proceed,  unless  "  fares  "  or  widenings  are  provided. 

Now  these  turn-outs  ought  not  to  be  over  an  hour  apart  at  the 
furthest — that  is  to  say,  4  miles. 

Consequently  the  sea-level  scheme  needs  two  intermediate  turn- 
outs and  two  "end  basins  or  turn-outs  besides.  The  projects  of  the 
writer  and  fortuitously  the  -f85  of  the  minority  have  these  end 
basins,  and  so  require  but  one  intermediate  turn-out. 

The  majority  and  minority  have  again  here  omitted  proper  and 
absolutely  necessary  provisions  of  this  character.  Likewise  their 
cost,  which  will  be  high,  because  the  cut  is  deep,  is  not  included. 
The  Bates  project  gave  a  "  gare  "  and  arranged  for  its  cost. 

Even  in  a  "  gare°'  the  most  vigorous  precautions  must  be  taken  to 
keep  the  waiting  vessel  in  her  position  because  of  the  auction  of  the 
passing  vessel.  If  a  large  ship  essays  to  i)ass  another  in  the  main 
channd,  she  is  practically  entering  and  leaving  a  lock,  except  for  the 
time  of  lift.  She  must  slow  down,  crawl  at  a  snail's  pace  and  then 
speed  up,  while  the  other  has  to  stop,  make  fast,  wait,  cast  off,  and  go 
ahead. 

It  is  and  always  will  be  extra  hazardous  for  large  ships  to  pass 
each  other  in  the  main  part  of  this  narrow  section. 

Consider  two  vessels  of  80-foot  beam.  They  will  be  common 
enough  in  twenty  j^ears.  Trace  their  procedure  in  getting  past  each 
other.  One  lies  10  feet  away  from  the  bank.  Her  side  is  14  feet 
from  the  center,  leaving  118  leet  clearance  for  the  other  ship.  Con- 
sidering the  tremendous  displacement  of  water  caused  by  a  vessel  of 
large  dimensions  moving  4  or  5  miles  an  hour  and  the  suction  set  up, 
this  clearance  is  not  enough. 
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Therefore  without  "  gares  "  the  11  miles  of  the  Culebra  section  be- 
comes equivalenty  in  time  wasted  in  transit,  to  a  -flight  of  three  locks 
like  that  of  tiie  minority  at  Gatun.  The  8-mile  Culebra  section  of  the 
minority  becomes,  likewise,  equivalent  to  two  more  locks  than  the  six 
they  have  shown. 

This  is  a  navigation  and  canal  capacity  question.  It  is  necessary 
to  think  sometimes,  in  a  canal  whose  purpose  is  commerce,  of  the  con- 
venience and  safety  of  ships. 

Having  reviewed  the  essential  elements  of  the  project  for  the 
Panama  Canal,  the  time  has  come  to  weigh  all  in  the  final  balance, 
not  with  a  prejudice,  but  with  an  open-eyed  justice.  There  are  two 
designs  which  can  profitably  be  compared  w^th  the  Lindon  Bates 
plan — the  sea-level  and  the  85-foot  scheme  as  evolved  by  the  minority 
ajQd  Commission.  Each  represents  the  embodiment  of  the  .princi- 
ples ruling  their  structure.  The  decisive  question  becomes  here  at 
the  close,  first,  WTierein  is  the  sea-level  «canal,  as  detailed  by  its 
latest  oflScial  advocates,  inferior?  The  answer  will  be  sununed  uj)  in 
the  following  category  of  defects  and  objections : 

SEA-LEVEL  SYSTEM. 

Dimensions, — ^The  canal  approaches  at  either  end  are  inferior  and 
too  narrow,  and  too  shallow  on  Pacific  end. 

Channel. — Most  bank  length  to  be  eroded. 

Highest  spoil  banks. 

Most  cost  to  widen  or  deepen  later  when  canal  is  in  use. 

Diversions  certain  to  be  silt  clogged. 

Dam  and  spillway  system. — ^The  Gamboa  dam  is  a  gigantic  180- 
foot  masonry  core  earth  structure  very  difficult  to  maintain  during 
construction! 

Great  head  of  water  up  to  170  feet  permanently  impounded  above 
canal. 

Bock  foundations  not  found  suitable  for  core  180  feet  high. 

Disaster  in  case  of  cave  in  of,  failure  of  Gamboa,  Cano,  and  Gi- 
gante  dams. 
'  Problematic  in  construction  and  operation. 

Most  lower  ChaOTes  diversion  work. 

Excavation. — Highest  cost  of  excavation. 

Most  plant.     . 

Most  excavation. 

Least  utilization  of  French  excavations. 

Greatest  consumption  of  fuel  in  construction. 

Most  pumping  during  construction. 

Greatest  difficulties  in  distributing  spoil. 

Sanitation. — ^Least  sanitary.  Sanitation  expenses  not  estimated, 
$16,000,000  to  $20,000,000. 

Swamps  and  disease  foci  all  retained. 

Most  common  labor  and  incident  sickness  and  loss  of  life. 

Navigation. — A  constricted  lakeless  channel  for  the  whole  distance. 

Greatest  risk  to  vessels  in  transit. 

"  Northers  "  at  Atlantic  entrance,  able  to  occasion  detrimental  cur- 
rents. 

Poorest  harbor  facilities. 

Fewest  turning  basins. 

Fewest  passing  stations. 

Channel  section  areas  not  compensated  to  equalize  currents. 
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Greatest  curvature  affecting  navigation. 

Longest  transit  time. 

Least  avera^  speed. 

Pacific  section  too  shallow  and  narrow,  and  reef  obstructed. 

Financial.— GreAt&st  first  cost,  $102,000,000  to  $150,000,000  more 
than  the  law  of  C!ongress  admits. 

Greatest  expense  tor  interest  and  maintenance. 

Least  net  earnings. 

Highest  deficits. 

Le^al. — Requires  additional  legislation  to  overrule  fundamental 
provisions  in  canal  law. 

New  appropriation  needed  to  cover  excessive  cost. 

Labor, — Most  difficult  to  secure  and  hold  labor. 

Not  one  of  these  impeachments  can  be  successfully  met.  The  figure 
is  now  $102,000,000  over  the  amount  allowed  and  considered  ample  by 
Congress.  Presumably  the  latest  sea-level  canal  plan  represents  the 
best  that  can  be  evolved  for  it.  On  the  facts  incorporated  into  this 
the  indictments  stand. 

The  advanta£^e  of  the  sea  level's  07ie  lock  over  a  two  or  a  four  lock 
system  is  too  dearly  purchased  at  the  cost  of  peril  in  each  parage 
through  its  constricted,  rock-flanked  cuts;  of  the  slower  transit  in 
its  lakeless  channel ;  of  an  extra  expenditure  of  at  least  $100,000.000 ; 
of  the  retardation  of  completion  by  at  least  seven  vears;  of  nosts 
sacrificed  in  the  unnecessary  excavation  through  marsh  and  hill. 

-1-85  LAKE   SYSTEM. 

Dimensions. — Too  small  as  planned  on  the  Pacific  end. 

Channel. — Poorer  facilities  to  deal  vdth  silt  at  upper  end  of  lake. 

Xo  utilization  of  the  canal  cutting  purchased  by  the  Government 
in  the  section  from  Limon  to  Gatim. 

Chagres  swamps  retained  for  3  miles. 

Dam  and  spiUway  system. — Gatun  dam  nearly  three  times  necessary 
head— impracticable — of  vast  size. 

Three  others  at  Panama  twice  the  necessary  head. 

Construction  methods  experimental  and  cost  too  great. 

Locks  oteolete  before  begun  and  too  small,  and  there  is  no  room 
for  three  in  flight  at  Gatun. 

Lockage. — ^Lockage  supply  capacity  comparatively  limited. 

Excavation. — ^Excavation  of  very  tougn  clay  tolow  18  feet  in 
Mlantic  coast  section;  unhealthy  and  expensive;  amid  Chagres 
swamps. 

Navigation. — Pacific  terminal  channel  too  small,  and  reef  in  course 
of  vessels. 

Less  available  and  contiguous  fresh  and  salt  water  harbors  at 
either  end. 

Undue  and  detrimental  currents  at  Obispo  end  of  Lake  Bohio. 

Only  one  fresh-water  naval  station  convenient  to  termini. 

Fifty  per  cent  longer  transit  line.  • 

More  lock  leakage. 

Sanitation. — Little  inherent  in  plan  during  execution.  Main 
marshes  unsubmerged,  disease  foci  retained,  during  all  of  construe*- 
tion;  $9,000,000  not  estimated  at  all. 

Financial. — Greater  costs. 

Greater  yearly  interest,  operation,  and  maintenannp  ^^^^fc 
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Legal, — Without  nullifying  or  altering  fundamental  statute  pro- 
visions in  the  Spooner  Act  the  canal  can  not  be  built. 

New  appropriations  needed. 

Railway  practically  obliterated. 

Safety. — Its  dams  and  locks  are  unsafe.  Its  Atlantic  and  Pacific 
approach  channels  are  obstructed  or  menaced  by  sunken  reefs. 

Coat.— The  cost  is  underestimated  by  $20,000,000  to  $25,000,000. 

All  of  the  above  indictments  and  more  stand  aja;ainst  the  85-foot 
project  of  the  minority  and  Commission.  These  disadvantages,  also, 
are  unanswerable,  nor  have  the  plans  any  saving  features  to  redeem 
them. 

COMPABISON  OF  PBOJECTS   A  AND  B. 

Since  the  author's  preferred  designs  furnish  several  applications  of 
the  principles  advanced,  it  becomes  concludingly  in  order  to  decide 
of  these  wnich  will  furnish  the  best  canal.  The  concrete  advantages 
of  A  over  B  are,  detailed : 

Project  A. — It  is  the  simpler  and  easiest  to  transform  by  adding  to 
or  diminishing  the  locks. 

Its  transit  time  is  slightly  shorter. 

Has  fewer  locks. 

Less  diversions  of  Panama  Railway. 

No  questions  of  cost  and  maintenance  of  the  extra  locks,  dams, 
sluices,  and  Pedro  Miguel  Bypass. 

Least  care  during  operation. 

Superiorities  of  project  B  over  A  are : 

Project  B. — ^Less  expenditure. 

Quicker  to  construct. 

More  sanitary  because  of  third  lake. 

Less  excavation  in  the  central  section. 

Submergence  of  the  low  valley  between  Bohio  and  Obispo  and  all 
the  various  constructive  and  sanitary  advantages  attending  the  con- 
dition thus  created. 

Shortening  of  construction  time  by  a  year  or  more. 

Lake  Gatun  takes  better  care  of  the  local  streams  emptying  into 
it  than  project  A  can  provide. 

The  lake  takes  the  place  of  the  expanded  channel  of  A  from 
Obispo-Trianffle  northward. 

Less  bank  length  to  be  maintained  as  canal  banks  are  submerged. 

Less  curvature  affecting  navigation. 

More  turning  basins  and  natural  passing  places. 

Less  pumping  during  construction. 

Lockage  being  practically  the  same,  therefore,  for  the  two  projects 
A  and  B,  and  over  50,000,000  tons,  the  preponderance  of  advantage, 
unless  it  be  decided  that  the  level  of  A  can  be  advisedly  raised,  lies 
with  project  B. 

The  levQl  of  A  can,  however,  be  raised  to  +35  by  incorporating  the 
tandem  twin-lock  system,  and  the  difference  as  to  cost  between  A  at 
this  tevel  and  B,  as  set  forth,  will  be  relatively  small.  But  the  ad- 
vantage  in  cost  remains  still  to  B. 

Therefore,  that  application  of  the  author's  system  which  is  incor- 
porated into  project  B  is  the  one  which  were  best  adapted  for  the 
American  canal. 

(Therefore,  after  a  short  executive  session,  the  committee  adjourned 
until  Monday,  March  12, 1906,  at  10.30  o'clock  a.  m.) 
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Committee  on  Interoceanic  Canals, 

United  States  Senate, 
Washington^  D.  (7.,  Monday^  March  12^  1906. 
The  committee  met  at  2  o'clock  p.  m.  (no  morning  session  having 
been  held). 

Present:  Senators  Millard  (chairman,,  Kittredge,  Dryden,  Hopkins, 
Ankeny,  Morgan,  Taliaferro,  and  Simmons. 
Present,  also,  Maj.  Gen.  George  W.  Davis,  U.  S.  Army  (retired). 

8TATBMEHT  OF  LINDOIT  W.  BATES,  BStt.— Continued. 

The  Chairman.  Mr.  Bates,  we  are  ready  for  you  to  proceed. 

Mr.  Bates.  Mr.  Chairman,  I  would  say  first  that  in  looking  over 
the  text  I  find  that  there  are  a  few  errata,  of  no  particular  moment, 
which  might  be  taken  cognizance  of  when  the  final  printing  is  made. 
I  will  say,  further,  that  if  it  is  desired  to  have  this  text  represented  in 
any  way  by  the  plates  which  I  prepared  to  go  with  it,  the  stones 
(wiich  I  have  in  New  York)  are  at  the  disposal  of  the  Printing  Office. 

The  Chairman.  Thank  you. 

Senator  Kittredge.  Mr.  Bates,  on  page  1683  of  your  statement  I 
find  the  following: 

*' The  writer  did  not  reckon  upon  buying  steamships  for  nearly 
50  per  cent  more  than  their  value,  steam  dredges,"  and  so  forth. 

Have  you  any  statement  to  make  regarding  that? 

Mr.  Bates.  Yes,  sir.  If  I  am  asked  for  an  explanation  of  why  I 
made  that  statement,  I  will  make  it. 

Senator  Kittredge.  I  wish  you  would. 

Mr.  Bates.  When  the  Havana  and  the  Mexico  were  bought,  I  made 
inquirieH  as  to  what  those  vessels  had  cost  and  what  haa  been  their 
construction  history;  and  to  the  best  of  my  information  it  is  this: 
That  when  those  vessels  were  to  be  built  there  were  two  prices  bid — 
one  by  the  New  York  Shipbuilding  Company,  if  my  informant  is  cor- 
rect; the  other  by  Messrs.  Cramp.  The  first  bid  was  $550,000,  and 
the  bid  for  the  ships  by  Messrs.  Cramp  was  $610,000.  Those  vessels 
were  built  in  1898  and  1899.  They  are,  therefore,  five  or  six  years 
old. 

It  is  the  custom  of  the  P.  and  O.  Steamship  Company,  the  greatest 
steamship  company  of  England,  to  write  otF 

Senator  Kittkedge.  WTiat  is  the  P.  and  O.  ? 

Mr.  Bates.  The  Peninsular  and  Oriental  Steamship  Company,  which 
is  the  great  company  running  to  the  Orient,  from  England  to  India, 
to  China,  Japan,  etc.    It  is  their  custom  to  write  off  7  per  cent  per 
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annum  from  their  new  ships;  that  ]»,  the  first  year  on  the  basis  of  100 
would  be  7  per  cent  off;  the  next  is  7  per  cent  off  of  the  remainder,  etc. 
Now,  applying  that  principle  in  order  to  get  at  the  value  of  these  ships, 
you  will  find  that  the  real  value  of  those  ships  was  somewhere  about 
$450,000;  and  at  the  time  that  they  were  bought  they  were  insured 
for  about  that  price. 

Senator  Kittredge.  What  price? 

Mr.  Bates.  Four  hundred  and  fifty  thousand  dollars.  It  has  been 
stated  that  the  Ward  Line  carried  some  of  their  own  insurance;  but  I 
would  say,  in  regard  to  the  point  of  insurance,  that  you  insure  a  vessel 
for  two  things,  usually,  what  we  call  "particular  average;"  that  is, 
in  the  event  your  vessel  is  damaged,  that  you  shall  receive  enough  to 
make  good  that  damage.  Then  we  also  take  out  a  "total-loss"  policy, 
which  represents  the  value  of  that  ship  to  us  as  a  commercial  oppor- 
tunity, and  that  may  be  what  the  underwriters  are  willing  to  make. 

For  instance,  when  I  insure  a  dredge  going  to  Australia,  1  insure 
for  particular  average,  we  will  say,  at  $250,000  (£40,000),  but  as 
against  total  loss  and  any  prospective  profits,  etc.,  perhaps  £10,000  or 
£15,000  more.  So  that  the  value  of  a  ship  is  not  tne  sum  of  the  total 
loss  and  the  particular  average.  The  real  value  of  the  ship  is  repre- 
sented by,  in  a  measure,  its  insurance  for  particular  average — quite  a 
different  thing. 

I  consider  that  those  ships,  at  the  time  that  they  were  purchased, 
were  worth,  together,  about  $900,000,  and  no  more;  and  when  you 
add  50  per  cent  to  that,  vou  get  the  price  that  was  paid. 

Senator  Kittredge.  Do  you  base  that  statement  upon  facts  within 
your  own  knowledge  or  upon  information  that  you  have  received? 

Mr.  Bates.  The  facts  within  my  own  knowledge  relate  to  the  writ- 
ing off,  etc.  The  prices  that  I  have  mentioned  came  from  an  estimator, 
who  was,  he  claimed,  cognizant  of  the  prices  which  those  vessels  were 
bid  at  when  they  were  originally  contemplated  for  construction. 

Senator  Kittredge.  W^ho  gave  vou  the  information? 

Mr.  Bates.  It  was  a  Mr.  Langell. 

Senator  Kittredge.  Where  does  he  live? 

Mr.  Bates.  He  lives  in  Camden,  I  think,  New  Jersey.  At  any  rate, 
he  is  an  employee  of  the  New  York  Shipbuilding  Company. 

Senator  Kittreixje.  And  can  you  give  us  any  better  address  than 
that? 

Mr.  Bates.  No;  that  will  certainly  reach  him. 

Senator  Simmons.  Have  you  his  initials  in  your  mind,  Mr.  Bates? 

Mr.  Bates.  No,  I  have  not;  but  I  can  very  easily  get  them. 

Senator  Kittredge.  What  is  j'our  understanding  of  what  is  covered 
by  the  original  cost  of  constructiom  ?  Does  that  include  the  furnishings 
of  the  ship? 

Mr.  Bates.  It  usually  does.  I  bought  all  my  ships  in  England, 
including  all  of  the  furnishings.     Some  people  do  that,  and  other  peo- 

Ele  provide  their  own  crockery,  linen,  etc.  In  m^^  case,  in  builaing 
alf  a  dozen  ships  at  Armstrongs',  they  supplied  everything;  and 
when  we  went  out  for  a  trial  trip  we  went  right  away  on  a  voyage  of 
14,000  miles. 

Senator  Kittredge.  That  depends  upon  the  contract  price,  does  it 
not? 
Mr.  Bates.  I  think  so;  yes,  sir. 
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Senator  Kittredge.  Do  the  prices  that  were  given  you  include  the 
original  cost  of  the  ship,  or  do  they  include  furnishings,  as  you  under- 
stand t 

Mr.  Bates.  It  would  include,  I  should  take  it,  all,  perhaps,  except 
the  crockery  and  linen.  If  you  mean  by  "furnishings"  the  chairs, 
sofas,  and  everything  of  that  sort,  they  would  all  be  included  in  the 
contract  price. 

Senator  Kittredge.  What  1  am  getting  at  is,  when  you  speak  of 
the  price  of  the  ship  I  want  to  know  whether  that  means  the  cost  of 
it  as  it  leaves  the  stocks  or  when  it  is  ready  for  a  voyage? 

Mr.  Bates.  When  it  is  read\'^  for  the  voyage  or  the  trial  trip,  usually. 
In  my  case  I  have  always  had  it  absolutely  complete;  and  the  ship- 
building yards  of  the  Armstrongs  and  other  yards  with  which  I  have 
built  have  been  great  assembling  establishments,  who  furnished  every- 
thing. 

Senator  Kittredge.  Did  you  receive  information  of  this  character 
upon  this  subject  from  any  other  person  than  the  gentleman  named? 

Mr.  Bates.  No,  sir. 

Senator  Kittredge.  With  what  company  was  he  connected  ?  1  have 
for  the  moment  forgotten. 

Mr.  Bates.  He  is  now  connected  with  the  New  York  Shipbuilding 
Company,  at  Camden.    - 

Senator  Kittredge.  Is  that  company  in  any  way  a  competitor  of 
the  company  of  whom  these  ships  were  purchased  ? 

Mr.  Bates.  I  think  it  is;  but,  on  the  other  hand,  this  man  had  not, 
I  think,  at  that  time,  entered  the  employ  of  this  company. 

Senator  Kjttredge.  When  was  the  information  given  you? 

Mr.  Bates.  About  the  time  of  the  purchase  of  the  ships;  last  sum- 
mer some  time,  as  I  recall  it 

Senator  Kittredge.  What  was  his  business  at  that  time? 

Mr.  Bates.  He  had  been  with  the  United  States  Shipbuilding  Com- 
pany, that  became  bankrupt,  and  with  Harlan  &  Hollings worth. 

Senator  Kittredge.  In  what  capacity  ? 

Mr.  Bates.  The  same  capacity,  as  an  estimator.  He  is  the  man  who 
makes  up  the  figures  on  which  bids  are  based. 

Senator  Kittredge.  That  is,  for  the  building  of  the  ship? 

Mr.  Bates.  Yes,  sir. 

Senator  Kittredge.  Going  back  to  the  subject  of  which  you  were 
talking  generally  on  Saturday,  from  what  source  did  you  secure  the 
data  to  give  us  the  testimony  evidenced  b}'  your  statement? 

Senator  Dryden.  Senator  Kittredge,  before  he  leaves  this  point 
may  I  ask  a  question  'i 

Senator  Kittredge.  Certainlv,  sir. 

Senator  Dryden.  Can  you  tell  for  what  amounts  the  marine  insur- 
ance companies  had  insured  these  ships  at  the  time  they  were  pur- 
cha.sed  by  our  (xovernment,  when  they  were  in  the  possession  of  the 
former  owners? 

Mr.  Bates.  I  made  inquir}^  as  to  that  of  one  of  the  firms  in  New 
York  and  was  told  that  it  was  about  f>450,0()0. 

Senator  Dryden.  And  do  you  know  whether  the  marine  insumnce 
companies  had  insured  them  for  what  the\^  then  considered  their  full 
value,  or  was  it  only  a  partial  insurance  i 

Mr.  Bates.  I  assumed  that  that  was  insurance  for  particular 
average. 
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Senator  Dryden.  You  do  not  know  in  what  marine  companies  they 
were  insured? 

Mr.  Bates.  No,  sir. 

Senator  Drydex.  That  is  all. 

Senator  Kittredge.  Have  you  in  mind  the  question  I  asked  you  ? 

(At  the  request  of  Mr.  Bates  the  question  was  read  aloud  to  him  bj- 
the  stenographer,  as  follows:) 

''Going  back  to  the  subject  of  which  yoawere  talking  generally  on 
Saturday,  from  what  source  did  you  secure  the  data  to  give  us  the  tes- 
timony evidenced  by  3^our  statement?'' 

Mr.  Bates.  Do  you  mean  the  technical  data? 

Senator  Kittreik*e.  Yes. 

Mr.  Bates.  In  the  first  place,  I  had  the  report  of  the  advisory  board 
complete.  In  the  next  place,  I  had  my  own  experience  and  my  office 
data.  In  the  next  place,  1  had  as  much  of  the  French  data  as  I  have 
been  able  to  accumulate.  1  presume  that  I  have  some  forty  or  fifty 
books,  giving  a  concise,  accurate  history  of  the  Panama  enterprise 
from  the  date  of  the  inception  until  this  time. 

Senator  Kittredge.  Have  3'ou  ever  been  on  the  Isthmus? 

Mr.  Bates.  Yes,  sir. 

Senator  Kittredge.  When? 

Mr.  Bates.  I  was  on  the  Isthmus  in  August,  1904.  I  left  New 
York,  as  I  recall,  about  the  26th  of  Jul3^  and  returned  in  the  latter 
part  of  August. 

Senator  Rittredge.  Is  that  the  only  visit  to  the  Isthmus  you  have 
ever  made 't 

Mr.  Bates.  Yes,  sir. 

Senator  Kittredge.  Did  you  make  any  explorations  at  that  time? 

Mr.  Bates.  Yes,  sir. 

Senator  Kittredge.  Of  what  character  ? 

Mr.  Bates.  I  think  I  can  point  out  on  the  map  there  so  that  3^-011 
can  appreciate  just  what  I  did.  In  the  tirst  place,  I  had,  prior  to 
going  down  to  the  Isthmus,  a  desire  to  take  contracts,  and  I  nad  had 
before  the  old  Walker  Commission  at  its  very  tirst  meeting  a  proposi 
tion  to  till  Colon,  raising  it  above  grade,  using  one  of  my  great  dredger 
in  Australia,  which  at  that  time  was  idle.  Nothing  came  of  it  at  that 
time,  but  with  the  consent  or  the  approval,  I  should  say,  of  Admiral 
Walker,  I  went  on  the  same  ship  with  some  of  the  members  of  the 
Commission  going  to  the  Isthmus  at  that  time,  with  a  view  of  ascer- 
taining the  local  conditions,  and  when  we  arrived  there  I  carefully 
examined  Colon. 

Senator  Kittredge.  In  what  way  did  you  carefully  examine  it? 

Mr.  Bates.  I  walked  all  over  it.  Then  I  walked  away  up  around 
here  and  around  to  the  dry  docks  on  this  side,  and  in  a  boat  went  clear 
up  to  the  canal  here  as  far  as  the  deposits  which  had  been  made  there 
by  the  Chagres,  which  is  about  Mindi.  Then,  another  day  I  went  up 
to  (xatun  and  down  this  old  channel  and  then  back  through  to  Colon, 
and  another  time  I  took  a  boat  at  Bas  Obispo  and  went  down  the  river 
all  the  way  to  Gatun.  Another  day  I  went  all  around  Panama,  Sosa 
Hill,  and  this  country  in  here  on  foot.  On  another  occasion  I  took  a 
boat  and  went  up  the  Kio  Grande  at  low  tide,  going  as  far  as  Mii-a- 
flores,  and  then,  leaving  the  boat  there  and  having  gone  through  and 
gone  up  as  far  as  I  could  ^a  at  low  tide,  I  walked  all  the  way  to  Bas 
Obispo. 
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Senator  Kittredge.  Along  the  route  of  the  old  French  line? 

Mr.  Bates.  Along  the  route  of.  the  old  French  line;  and  another 
time  when  I  was  there  I  went  over  the  railwa}'^  route  on  both  sides  of 
the  Culebra  cut. 

Senator  Kittredge.  That  trip,  the  trip  on  the  railroad,  was 

Mr.  Bates.  That  was  on  foot. 

Senator  Kittredge.  Oh,  3'ou  walked  on  the  railroads 

Mr.  Bates.  Yes,  sir. 

Senator  Kittredge.  You  did  not  ride  on  it'i 

Mr.  Bates.  No,  sir.  Then  I  went  around  on  the  dump  trains  here, 
and  I  watched  the  old  French  excavators,  etc. — things  with  which  I  was 
familiar.  Then  I  went  down  to  Colon.  I  would  say  that  I  have  had  a 
very  great  deal  of  practice  in  observing  the  topography  of  water- 
courses for  tw^enty-five  vears. 

Senator  Kitiredge.  iDid  you  go  up  the  Chagres  toward  Alajuela? 

Mr.  Bates.  No,  sir. 

Senator  Kittredge.  How  far  east  of  Gamboa  did  you  go  on  that 
tripf 

Mr.  Bates.  Nowhere  east.  I  was  at  Bas  Obispo,  just  where  I  could 
see  the  Gamboa  site. 

Senator  Kittredge.  Did  you  go  up  to  the  site? 

Mr.  Bates.  No,  sir;  I  was  on  the  other  side  of  the  river. 

Senator  Kittredge.  Did  you  make  any  examinations  by  way  of 
borings  to  ascertain  the  character  of  the  material  or  the  foundational 
conditions  for  an^'  of  the  structiu'es  you  have  recommended  to  us  ? 

Mr.  Bates.  At  Sosa  Hill  I  did  not  take  borings,  but  I  observed 
very  carefully  the  geology  in  respect  to  it,  lookea  up  the  old  French 
data  in  regard  to  borings  such  as  1  could  get  hold  of,  and  I  had 

Senator  Kittredge.   Wh^re  did  j^ou  find  such  data? 

Mr.  Bates.  Some  of  it  at  the  otface  of  the  Isthmian  Commission — 
very  little  of  it;  but  most  of  it  in  the  old  French  records  of  the  liqui- 
dators, and  in  the  reports  of  the  geologists,  and  in  the  geological  pro- 
files across  the  Isthmus. 

Senator  Kittredge.  Printed  reports? 

Mr.  Bates.  Yes,  sir. 

Senator  ICiTTREixiE.  Public  reports^ 

Mr.  Bates.  I  have  them  here.  Then  I  had  a  Mr.  Dougherty,  who 
was  one  of  the  finest  mining  engineers  of  my  acquaintance,  reexamine 
the  Ancon,  Sosa,  and  La  Boca  sites  on  his  way  down  to  South  America; 
and  in  that  connection  he  spent  some  time  around  Panama! 

Senator  Kittredge.  How  much  time? 

Mr.  Bates.  He  was  there  about  a  week  waiting  for  a  steamer,  and 
sent  photographs  and  a  special  report  upon  what  he  considered  to  be 
the  formation,  which  confirmed  my  ow^n  view;  and  I  find  that  the 
borings  which  have  later  been  ordered  by  the  Commission  show  that 
these  site^s,  which,  when  I  first  mentioned  them  last  year,  were  all  said 
to  be  mud,  really  had  rock  Jis  close,  if  not  closer,  to  the  surface  than 
any  other  sites  for  dams  and  locks  on  the  whole  Isthmus,  except  at 
Alhajuela. 

At  Mindi  I  looked  up  very  carefully  the  old  data  of  the  French,  and 
I  observed  this  Jaramillo  Hill  and  the  first  cutting  which  was  made  by 
the  French  when  they  were  digging  the  canal  past  that  point. 

Senator  Kittbeix?e.  To  what  extent  did  you  have  access  to  the  data 
of  the  French  relative  to  the  Mindi  location  of  a  dam  which  you  pro- 
pose on  one  of  your  plans? 
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Mr.  Bates.  I  had  the  maps,  the  profiles,  the  photographs,  and  I 
had  seen  the  location.  I  was  there  when  the  borings  were  being  made 
which  are  on  one  of  the  maps  which  I  have  here. 

Senator  Kittridge.  At  Mindi  ? 

Mr.  Bates.  At  Mindi  and  out  into  the  bay,  out  here  [indicating]. 
There  was  a  boring  foreman  there  who  had  been  on  the  Nicaragua 
Canal,  and  he  had  charge  of  the  boring  part}',  and  he  was  boringj  at 
the  time  1  was  there  with  reference  to  the  new  alignment  destined  to 
go  out  into  Limon  Bay  instead  of  the  old  line.  I  got  from  him  this 
sample  that  I  had  on  Saturday,  and  I  also  got 

Senator  Kittredge.  A  sample  of  clay? 

Mr.  Bates.  A  sample  of  what  I  should  call  a  clay  rock;  and  I  would 
say  that  that  clay  rock,  to  my  mind,  approaches  as  nearly  a  brick,  a 
half-burned  brick,  a  gray  brick,  as  anytning  else.  I  trieH  yesterday 
to  get  a  sample  that  would  look  like  it.  I  think  that  the  best  name 
for  that  is  reallj'  **clay  rock." 

Senator  Kittredge.  The  point  I  am  getting  at,  is  to  what  extent 
did  you  make  personal  investigations  indepenoent  of  the  records  of 
what  the  French  engineers  did  and  of  what  the  Walker  Commission 
and  the  later  Commission  and  Engineer  Wallace  did? 

Mr.  Bates.  Those  are  practically  the  result  of  mj-  own  observations. 

Senator  Kittredge.  Is  it  observation  or  is  it  exploration? 

Mr.  Bates.  It  is  close  observation  of  what  was  going  on. 

Senator  Kittredge.  Had  you  any  instruments  there  yourself? 

Mr.  Bates.  No,  sir. 

Senator  Kittredge.  Had  you  any  assistants? 

Mr.  Bates.  My  son  was  with  mel 

Senator  Kittredge.  You  made  no  measurements,  no  borings? 

Mr.  Bates.  I  took  the  records  that  were  official  as  being  correct; 
and  I  had  every  reason,  from  my  observations,  to  believe  that  they 
were  accurately  taken. 

Senator  Kittredge.  Do  I  understand  that  the  information  that  you 
have  given  us  here  is  the  result  of  an  examination  of  records  made  by 
the  French  engineers? 

Mr.  Bates.  Made  by  both  the  French  and  the  Americans. 

Senator  Kittredge.  I  was  about  to  add,  the  engineers  of  the  old 
Walker  Commission  and  of  the  new  Canal  Commission. 

Mr.  Bates.  Yes,  sir. 

Senator  Kittredge.  Under  Mr.  Wallace's  direction? 

Mr.  Bates.  Yes,  sir. 

Senator  Kittredge.  That  is  right,  is  it? 

Mr.  Bates.  Every  mortal  thing  that  I  could  get. 

Senator  Kittredge.  Is  your  information  based  upon  any  other  facts 
than  such  as  are  disclosed  from  an  examination  of  tiiose  records? 

Mr.  Bates.  In  several  particulars  that  would  have  to  be  qualified. 
I  have  Mr.  Doughert3^'s  report  here. 

Senator  Kittredge.  To  what  extent  did  Doughert}^  make  that 
examination? 

Mr.  Bates.  He  made  it  just  as  any  geologist  and  mining  engineer 
does,  by  observing  the  wells  and  the  character  of  the  rock  and  making 
use  of  nis  knowledge,  just  as  a  man  does  when  he  is  an  expert  in  a 
mine. 

Senator  Kittredge.  How  can  he  determine  the  character  of  the 
rock? 
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Mr.  Bates.  The  rock  comes  to  the  surface. 

Senator  Kittreekje.  He  can  where  it  comes  to  the  surface;  but  it 
does  not  come  to  the  surface  between  Sosa  Hill  and  La  Boca,  does  it? 

Mr.  Bates.  No;  it  does  not,  I  think. 

Senator  Kittredge.  Or  between  Sosa  Hill  and  Aneon  Hill,  at  all 
points? 

Mr.  Bates.  No;  not  at  all  points. 

Senator  Kittredge.  Nor  does  it  come  to  the  surface  at  all  points 
from  Ancon  Hill  to  Corozal  Hill,  does  it? 

Mr.  Bates.  No;  it  does  not  come  to  the  surface,  and  of  course  a 
man  can  not  see  into  the  ground. 

Senator  Kittredge.  I  am  getting  at  this  point:  To  what  extent  did 
he  make  an  observation?  How  does  he  know  the  character  of  the 
rock  except  as  it  appears  at  the  surface?  Has  he  any  other  source  of 
information  t 

Mr.  Bates.  There  is  no  other  source  than  what  you  get  by  borings 
and  what  you  can  see. 

Senator  Kittredge.  Yes;  and  from  the  records  made  by  the  French 
en^neers  and  the  other  engineers  whom  I  have  mentioned;  that  is 
right,  is  it  not? 

Air.  Bates.  Yes,  sir;  that  is  right. 

Senator  Taliaferro.  French  and  American  engineers? 

Mr.  Bates.  Yes,  sir. 

I  have  mentioned  Mr.  Dougherty.  I  will  say  that  on  the  site  of  the 
La  Boca  dam  I  had  misgivings;  but  the  man  who  built  or  had  to  do 
with  the  building  of  the  piers  happened  to  come  into  my  acquaintance, 
and  he  it  was  who  acquainted  me  with  the  depth  at  which  rock  had 
been  found  off  the  La  Boca  pier. 

Senator  Kittredge.  Who  was  that? 

Mr.  Bates.  I  think  the  man's  name  was  York,  but  I  can  not  recall  at 
the  moment  for  a  certainty.  Then  Mr.  Paine,  of  the  Railway  Age, 
gave  me  same  data  in  regard  to  this  section  of  the  Cha^res. 

Senator  Kittredge.  From  what  source  did  he  get  his  information? 

Mr.  Bates.  He  had  it  from  personal  observation.  He  probably  has 
done  more  explorations  off  the  line  of  the  canal  than  anybody  else  that 
I  have  met  on  the  Isthmus.  He  was  one  of  the  associate  editors  of 
the  Railway  Age. 

Then,  at  the  time  that  the  great  rush  to  California  was  going  on. 
there  were  several  books  written  in  regard  to  this  country  between 
the  Chagres  and  there  [indicating].  I  happened  to  have  those  books, 
and  they  were  rather  vivid  in  their  description  of  the  way  the  spurs 
ran  down  into  this  valley,  and  that  it  was  a  narrow  valley,  and  the 
party  who  wrote  this  book  in  particular  was  one  who  started  for  Cali- 
fornia with  a  camel  train,  lajiaed  his  camels  at  the  old  town  of  Chagres, 
and  endeavored  to  take  them  to  Gatun  by  land;  and  he  writes  very 
vigorously  of  his  experiences,  and  speaks  of  these  spurs  and  the  slip- 
periness  of  the  clay  in  this  country  here  [indicating]. 

Then  1  happened  to  have,  also,  a  w^ork  written  by  Captain  Peacock 
prior  to  1879,  or  just  at  1879,  and  addressed  to  De  Lesseps  before  the 
Congress.  Peacock  was  a  man  after  the  order  of  Captain  Cook — an 
official  British  surveyor.  He  landed  in  1831  in  thin  little  bay  here, 
which  he  named  on  his  plans  Peacock  Bay;  and  then  he  writes  this 
l)ook,  giving  his  journal  across  here  to  Panama  for  the  route  of  a  canal. 
I  was  attracted  j)articularly  by  the  fact  that  he  said  he  had  gone  on 
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foot  from  this  bay  to  Gatun,  and  that  the  way  wa«  comparatively 
level;  but  of  course  it  is  a  jungle,  and  a  man  may  go  up  50  or  100  feet 
without  knowing  it.  At  that  time  this  bay  in  here  had  4  fathoms  of 
water — 24  feet — and  now  it  has  but  6  or  8. 

Senator  Hopkins.  Whereabouts  was  it  that  he  had  the  24  feet  of 
water? 

Mr.  Bates.  Right  in  this  little  bay  here — right  there  [indicating]. 

Senator  Hopkins.  And  now  it  has  but  how  many? 

Mr.  Bates.  Six  or  8  feet.  This  point  is  called  Kenny's  Bluff  now, 
but  in  his  records  he  calls  it  Point  reacock.  He  made  surveys  prac- 
tically all  over  the  world,  and  he  locates  the  line  of  his  canal  from 
Gatun  right  to  this  bay  and  makes  his  terminus  there. 

Senator  Dryden.  What  has  caused  that  decrease  in  the  depth  of  the 
water? 

Mr.  Bates.  I  think,  sir,  that  it  has  been  caused  by  the  Chagres 
River  going  down  the  French  canal  and  emptying  into  this  bay  at 
Mindi,  Instead  of  goinff  down  its  old  route  to  this  point  here  [indicating]. 

Senator  Hopkins.  Mr.  Bates,  I  want  to  ask  you  a  few  questions 
about  the  point  there  at  Gatun. 

Mr.  Bates.  Yes,  sir. 

Senator  Hopkins.  You  stated  the  other  day,  if  I  understood  you 
correctly,  that  a  Morrison  type  of  a  dam  could  be  built  there? 

Mr.  Bates.  Yes,  sir. 

Senator  Hopkins.  1  wish  you  would  explain  that  in  detail. 

Mr.  Bates.  Yes.  Now,  let  me  get  one  of  my  maps  right  here. 
This  profile  here  gives  the  Gatun  site  with  a  Morrison  type  of  dam. 
I  call  it  the  Morrison  type  because  Mr.  Morrison  was  its  most  promi- 
nent advocate.  It  consists  essentially  of  making  an  earth  till  between 
two  rock  fills.  The  first  thing  that  you  would  do  would  be  to  put  in 
your  two  rock  ends  of  the  dam  on  either  side,  and  then  till  in  with 
earth. 

Senator  Kittredge.  You  would  construct  it  in  what  way  for  the 
rock? 

Mr.  Bates.  The  rock  mav  be  put  in  what  we  call  pien^  2>e7*due— 
that  is,  it  is  thrown  in  roughh'.  Of  course  the  first  thing  that  you  do 
with  every  dam  site  is  to  clear  off  all  the  vegetation;  and  if  tfiere  is 
any  bad  material  which  should  not  be  there,  j^ou  remove  that  also, 
down  to  what  is  sufficiently  dense,  according  to  the  plans. 

Assuming  that  to  be  done,  then  you  have  your  rock  fills  on  cither 
side  and  your  earth  fill  between.  Now,  then,  that  earth  till  betw^een 
may  be  put  in  in  a  number  of  different  ways.  It  may  be  put  in  by 
tram  or  it  may  be  put  in  by  a  hydraulic  dredge.  When  it  is  put  in 
by  train  it  has  to  be  rammed  very  ca-refully,  put  in  in  horizontal 
layers,  all  vegetation  carefully  excluded,  and  thoroughly  wet  down 
and  water-paclwed,  as  we  call  it.  When  it  is  put  in  by  "a  hydraulic 
dredge  the  stream  of  water  is  the  vehicle  for  tne  transmission  of  the 
material  that  you  put  in.  It  packs  hard,  just  like  a  sand  beach,  like 
the  hard  beaches  in  Florida;  so  that  if  the  material  that  you  are  put- 
ting in  is  sand,  you  can  walk  over  it  within  a  few  moments  after  it  is 
put  in.  If,  however,  it  is  of  a  muddy,  clayey  character  it  sometimes 
takes  days  and  weeks  to  sufficiently  drain  out;  and  in  some  cases  1 
have  been  obliged,  in  making  reclamations,  to  tile  the  ground  just  as 
you  would  in  a  swamp,  so  as  to  drain  the  water  through  these  tiles. 
Sometimes  we  put  in  the  tiles  beforehand.     If  you  do  not  do  that  it 
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is  likely  to  form  a  crust;  this  crust  may  be  2  or  3  feet  thick,  and 
underneath  is  a  perfect  jelly.     Certain  materials  drain  naturally. 

At  Galveston,  for  instance,  I  am  putting  in  just  about  half  of  what 
is  required  in  this  Gatun  dam.  There  the  material  is  a  light  sand, 
and  it  drains  off  in  a  little  while  after  we  shut  off  the  water.  If,  how- 
ever, that  material  that  we  were  handling  was  clay,  it  would  not  dry  out 
for  weeks  and  months. 

Senator  Hopkins.  Mr.  Bates,  have  vou  made  an  investigation  suffi- 
ciently exhaustive  so  that  you  could  know  whether  or  not  there  are 
any  underground  currents  that  would  interfere  with  the  placing  of  a 
Morrison  type  of  dam  there  at  Gatun  ? 

*  Mr.  Bates.  Personally,  I  have  not;  but  1  have  observed  such  bor- 
ing information  as  has  been  obtained  by,  especially,  the  American 
Commission;  ^nd  my  judgment  is  that  there  Is  no  reason  at  all  why 
a  Morrison  type  of  dam  with  a  low  head  is  not  perfectly  feasible. 
With  a  high  head  I  consider  that  it  would  become  increasingly  prob- 
lematical as  you  get  above  40  feet.     Under  that  you  ai*e  perfectly  safe. 

Senator  Hopkins.  What  do  you  say  about  3^our  ability  to  establish 
a  dam  at  Bohio  ? 

Mr.  Bates.  I  consider  that  it  is  perfectly  feasible  to  put  in  that 
type  of  dam  at  Bohio;  but  my  objections  to  it  are  simply  these:  that 
for  the  ultimate  greatest  capacity  of  a  lock  canal  you  want  all  the  run- 
off that  falls  on  tne  Isthmus. 

Senator  Hopkins.  Yes. 

Mr.  Bates.  And  if  you  put  your  dam  at  Bohio,  you  lose  43  per 
cent  of  your  possible  lockage  capacity. 

Senator  Hopkins.  Yes. 

Mr.  Bates.  And  you  can  not  get  it. 

Senator  Kittredge.  Bohio  is,  so  far  as  site  and  conditions  are  con- 
cemed,  just  as  favorable  as  Gatun,  except  the  feature  that  you  have 
just  mentioned? 

Mr.  Bates.  It  has  this  advantage,  that  the  dam  is  not  so  long.  It 
has  this  disadvantage,  that  the  ground  is  probably  more  porous  under 
Bohio  than  it  is  at  Gatun.  The  reason  is  that  (ratun  is  nearer  to  the 
sea,  and  as  the  hills  have  been  carried  to  the  sea  by  the  river  the  heavy 
stuff  has  deposited  first,  and  at  Gatun  you  naturally  get  a  finer  and  a 
denser  material  than  you  would  get  at  Bohio. 

Senator  Kittredge.  Answering  my  question  directly,  if  you  will. 
Is  Bohio  just  as  favorable  a  site  upon  which  to  establish  a  dam  for  a 
lock  canal  as  Gatun  'i 

Mr.  Bates.  I  think  so,  for  practical  purposes;  yes,  sir. 

Senator  Hopkins.  But,  getting  back  to  the  point,  you  say  at  Gatun 
the  soil  is  more  dense  and  resists  the  seepage  of  water  more  than  it 
would  at  Bohio  < 

Mr.  Bates.  1  think  so.  That  would  simply  mean  that  you  would 
not  need  to  have  as  great  a  distance  between  your  rock  fills,  relatively. 

Senator  Hopkins.  Now,  I  wish  you  would  explain  that.  The  reason 
I  am  asking  3- ou  this  question  is  that  there  is  some  contention  by  some 
people  who  have  examined  those  two  sites  to  the  effect  that  the  charac- 
ter of  the  soil  there  at  Gatun  is  such  that  you  can  not  place  a  dam 
there  that  will  stand;  that  the  seepage  of  water  is  such  that  it  will 
gradually  destro}'^  the  effect  of  a  dam  at  that  point. 

Mr.  Bates.  In  answering  that,  may  I  use  a  practical  illustration  J 

Senator  Hopkins.  Anything  that  you  wish. 
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Mr.  Bates.  On  the  Elbe-Trave  Canal — you  know  northern  Germany 
is  a  sand  country — there  was  a  section  of  canal  there  right  through 
the  sand  plain,  and  everyone  thought  that  a  canal  carried  between 
embankments  there  could  not  be  operated;  that  the  sand  would  let  the 
water  all  out.  That  did  not  turn  out  to  be  the  case.  What  happened 
was  that  all  the  voids  between  the  grains  of  sand  filled  with  the  fine 
silt  that  dropped  after  the  water  was  turned  into  the  canal. 

Now,  if  at  Bohio  you  have  a  coarser  formation,  then  I  would  make 
the  water  travel  a  greater  distance  than  it  would  have  to  if  the  mate- 
rial was  more  dense.  That  becomes  a  matter  of  engineering  judgment; 
and  if  you  find  that  there  is  more  percolation  than  you  would  like  you 
can  always  widen  the  dam. 

Senator  Hopkins.  If  there  is  percolation  there,  you  think  there  is 
no  trouble  in  stopping  4t,  if  you  make  investigations  so  as  to  know  the 
character  of  that  percolation  ? 

Mr.  Bates.  Yes. 

Senator  Hopkins.  And  its  extent? 

Mr.  Bates.  Yes;  but  with  this  reservation — that  in  that  tropical, 
earthquake  countr}^  I  would  not  subject  that  formation  to  a  head  of 
over  40  feet  anywhere. 

Senator  Hopkins.  Yes. 

Senator  Morgan.  Why? 

Mr.  Bates.  Because  I  think  that  you  are  coming  to  the  point  of 
balance  where,  if  your  dam  should,  by  any  reason,  mil  from  an  earth- 
quake, you  would  have  the  greatest  possible  diflBculty  in  putting  it 
back.  1  have  tried  to  make  plain  in  my  statement  that  it  is  very 
expensive  to  put  back  great  dams  by  train  service ;  but  if  you  can  put 
them  back  by  dredge  service  it  can  be  done  with  reasonable  economy 
and  quickly. 

The  limit  that  I  have  been  able  to  put  material  with  a  dredge  was 
probably  at  Portland,  Oreg.,  where  I  made  a  damlike  embanRment 
about  32  or  33  feet  high,  and  the  greatest  distance  from  the  river  was 
2,800  feet.  I  have  always  felt  that  in  that  case  I  got  to  the  limit  of 
what  1  could  do  with  this  tool  for  doing  this  class  of  work  which  I  had 
myself  evolved. 

Senator  Morgan.  A  dam  80  feet  high,  if  it  was  broad  enough, 
would  resist  the  pressure  quite  as  well  iis  or  better  than  one  40  feet 
bigh.but  not  quite  so  broad,  would  it  not? 

Mr.  Bates.  It  is  not  a  question,  sir,  of  resisting  the  pressure  that 
makes  these  great  widths  for  these  dams.  It  is  to  limit  the  amount  of 
percolation  that  you  make  it  wide.  If  you  have  a  head  of  40  feet  and 
a  head  of  80  feet  you  do  not,  with  the  smaller  head,  have  to  have  your 
dam  but  half  as  wide,  sir;  and  vou  find  that  illustration,  sir,  right  6ftre, 

I  had  considered  that  in  order  to  get  the  full  lockage  supply  of  the 
dams  with  a  two-lock  canal,  one  must  have  a  dam  and  lock  at  either 
Mindi  or  Gatun,  and  at  no  other  places.  If,  then,  you  have  a  four- 
lock  canal,  you  must  have  it  at  Mindi  and  Gatun,  and  there  are  no 
other  places;  otherwise  you  will  have  the  locks  in  flight,  which  I  do 
not  believe  in. 

You  will  see  here  a  dam  at  Gatun  exactly  on  the  same  axis  as  it  is 
in  the  project  of  the  minority  here.  On  this  side  we  have  62  feet, 
we  will  say,  of  water.  On  that  side  [indicating]  we  have  33;  so  that 
the  net  head  is  but  29  feet.  When  you  have  29  feet  you  do  not  need 
to  have  so  wide  a  dam.     The  result  of  having  that  head  of  29  feet  is 
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that  in  this  dam,  for  the  same  amount  of  pjercolation,  using  the  same 
formula,  I  have  4,500,000  yards,  while  in  this  dam  you  have  21,000,000. 
That  is  the  difference. 

Following  up  the  question  of  the  dams,  we  have  here  at  Mindi 

Senator  Hopkins.  Does  that  dam  of  yours  stop  all  percolation  'i 

Mr.  Bates.  With  just  the  same  formula  as  that  one  exactly. 

Senator  Hopkins.  Just  leave  that  other  one  out.  What  is  your 
judgment  of  yours? 

Mr.  Bates.  My  judgment  of  this  is  that  it  is  perfectly  safe,  and  that 
1  could  put  it  in  easily,  and  I  will  show  you  why. 

With  mine  I  will  put  my  first  dam  at  Mindi.  Then,  when  I  am  mak- 
ing this  basin  here  1  can  pump  my  material  direct,  because  it  is  within 
the  power  of  my  dredge  to  do  it.  I  have  the  rock,  plenty  of  rock,  in 
Culebra,  and  ttis  country  from  Jaramillo  Hill  to  that  point  Is  full  of 
these  little  hillocks.  You  see  them  here  [indicating].  There  are  nine 
of  them  that  come  up  above  the  top  of  the  dam  in  that  little  distance 
there  of  about  3,000  feet.  And  so  it  is  the  simplest  thing  in  the  world. 
1  could  put  in  that  dam  in  six  months. 

In  the  same  way,  the  dam  across  the  Chagres,  in  here  at  the  mouth 
of  the  Indio — Mr.  Maltby,  in  making  the  surve}'^  that  the  advisory 
board  desired,  found  that  it  was  about  3,000  feet  across;  less  than 
3,000  feet,  his  report  says.  No  borings  were  ever  made  there;  none 
have  ever  been  made  below  Gatlm  in  that  distance,  which  is  some  4 
miles.  No  one  knows  whether  that  geologic  gorge  runs  down  there  or 
whether  it  is  a  later  uplift.  But  in  any  event  the  material  deposited 
there  must  be  of  the  same  character  as  it  is  at  Gatun,  only  finer. 

When  you  come  to  the  dry  dock  at  Mindi 

Senator  Hopkins.  When  you  say  that  ''it  must  be  of  the  same 
character,  only  finer,"  give  us  your  reasons  for  making  that  statement. 

Mr.  Bates.  Because  the  water  first  deposits  the  coarse  material^ 
and  then  finer,  finer,  finer,  towai'd  the  sea. 

Senator  Hopkins.  Toward  the  sea  ? 

Mr.  Bates.  Yes,  sir. 

Senator  Hopkins.  What  is  the  character  of  the  material  that  you 
find  at  Gatun,  and  to  what  depths  have  you  gone  down? 

Mr.  Bates.  We  have  the  official  profiles,  which  show — here  is 
Gatun  Hill,  where  the  milway  station  is;  there  is  a  gorge  which  comes 
down  across  this  way,  in  which  the  maximum  depth  recorded  is  208 
feet. 

Senator  Hopkins.  Two  hundred  and  eight  feet? 

Mr.  Bates.  Two  hundred  and  eight  feet.  On  this  side  of  the  island 
they  find  another  gorge  which  is  258  feet  deep.  My  belief  is  that  at 
Mindi  there  is  no  sucn  gorge,  and  that  you  will  find  the  rock  all  the 
way  across  .there,  probably  about  60  feet  and  probably  even  closer  to 
the  surface. 

Senator  Hopkins.  Then,  at  Gatun  you  would  have  to  go  down  208 
feet  on  one  side  and  258  on  the  other  i?     Is  that  right? 

Mr.  Bates.  No.  In  making  this  Morrison  type  of  dam  you  first 
clear  oflF  the  ground,  taking  off  by  dredges  any  of  the  very  soft  stuff 
that  may  be  there.  Then  vou  get  in  your  rock  fill,  and  you  fill  in 
between  with  your  earth  fill,  or,  if  you  please,  you  first  put  in  your 
puddle  and  vour  sheet  piling,  as  they  did  at  Assuit,  in  Egypt. 

Senator  IIopkins.  How  far  down  do  you  go  before  you  go  to  doing 
that— 200  feet  or  208  feet^ 


324  INVESTIGATION    OP   PANAMA  CANAL   MATTERS. 

Mr.  Bates.  No;  you  probably  would  not  go  down;  you  would  clear 
off  perhaps  the  upper  10  or  15  or  20  feet,  just  according  tothecla^s  of 
material  yon  encountered. 

Senator  Hopkins.  Why  would  vou  not  go  down  the  208  feet  at  one 
point  and  258  feet  at  the  other <  \Vhy  would  you  not  do  that?  That 
18  what  I  want  to  get  at;  I  want  to  learn. 

Mr.  Bates.  Because  \'0u  could  not,  Senator. 

Senator  Hopkins.  Now,  if  you  could  not  go  there 

Senator  Kittredge.  Why  not? 

Senator  Hopkins.  Just  let  me  finish,  please. 

Senator  Kittredge.  1  beg  your  pardon. 

Senator  Hopkins.  You  say  you  could  not  go  there;  but  if  you  could 
not,  why  would  you  build  on  that  location  i 

Mr.  Bates.  Because  I  am  using  a  type  of  dam  which  does  not  need 
to  go  down  there. 

Senator  Hopkins.  That  is  what  1  want  to  get  at.  Now,  explain  why 
it  does  not  need  to  ^o  down  there. 

Mr.  Bates.  We  fand  that  with  a  certain  head  of  water  you  have  a 
certain  amount  of  percolation,  according  to  the  distance  that  you  make 
that  water  travel  underground  and  according  to  the  character  of  mate- 
rial through  which  it  travels. 

Senator  Hopkins.  Yes. 

Mr.  Bates.  Now,  then,  applying  the  sum  of  human  knowledge  and 
experience  on  that  subject,  it  results  in  a  certain  formula  known  as  the 
Hazen  formula,  and  that  gives  you  the  distance  between  the  water  on 
one  side  of  the  dam  and  the  water  on  the  other  side  of  the  dam;  and 
when  you  have  applied  that  it  gives  you  the  dimensions  of  your  dam. 
People  are  a  little  in  disagreement  as  to  just  the  coefficients  and  other 
things  to  use  in  that  formula;  but  substantially  the  right  thing  to  do 
is  to  put  enough  there  and  enough  width  so  that  there  will  be  a  mini- 
mum of  percolation  and  not  more  than  you  can  admit. 

Senator  Hopkins.  Where  does  this  percolation  take  place;  at  the 
top,  or  does  it  take  place  all  the  way  down,  208  feet  at  one  point  and 
258  at  the  other  f 

Mr.  Bates.  At  (Jatun  it  would  not  come  through  the  dam,  because 
that  would  be  so  thoroughly  puddled  that  it  would  not  come  through 
the  dam  part  at  all. 

Senator  Hopkins.  Yes. 

Mr.  Bates.  We  do  not  know  whether  there  are  pockets  of  sand  or 
porous  material  sufficiently  well  by  any  borings  that  may  be  taken  to 
say  whether  anv  water,  practically,  would  come  througH  the  tirst  100 
or  150  feet.  All  the  borings,  practically,  indicate  that  there  would  be 
very  little,  if  any,  percolation  until  you  get  down  to  where  the  coarser 
material  is  encountered  in  the  bottom  of  the  gorg-e.  The  oonsequence 
is  that  the  water  in  getting  to  this  side  has  to  go  down  a  certain  depth, 

Serhaps  50,  60,  or  100  feet,  perhaps  even  200  feet,  and  then  under  the 
am,  and  come  up  through  that  blanket  on  the  other  side;  and  I  do 
not  think  it  w'ould  come  up.  I  think  a  certain  amount  might  come; 
and  the  more  head  there  is  the  more  will  come.  There  is  the  more 
danger  of  its  coming. 

Senator  Kittredcje.  What  about  a  dam  135  feet  in  height,  speaking 
directly  of  the  minority  plan  i     What  will  happen  in  that  event? 

Mr.  Bates.  In  the  t3'pe  of  dam  that  Mr.  Morrison  advocated  vou 
would  not  make  it  as  high  as  135  feet.     The  minority  have  built  adarn 
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of  this  shape,  you  see;  it  is  100  feet  wide  on  top,  and  that  summit  is 
at  135  feet  above  the  sea.  The  lake  on  this  siae  is  86  feet  above,  so 
that  you  have  50  feet  of  height  in  here,  as  they  say,  of  material  taken 
from  Culebi-a  and  hoisted  up  to  this  height,  right  on  the  front  of  the 
dam.  In  my  judgment  it  does  not  add  anything  to  the  water  tight- 
ness, because  if  it  is  tiffht  already  and  thoroughly  puddled  you  can  not 
make  it  at  all  any  tignter  by  any  weight  you  put  on  it;  but  I  should 
imagine  that  if  you  carried  such  an  overloading  to  extremity — if,  for 
instance,  that  was  all  lead,  foi*  an  illustration — then  you  might  get  so 
great  a  weight  on  this  portion  that  there  would  be  subsidence  here  and 
uplift  there  [indicating]. 

Senator  Kittredge.  When  you  say  '^here"  and  "there,"  kindly 
indicate  by  language  where  "here"  and  "there"  means. 

Mr.  Bates,  l  es;  there  would  be  subsidence  in  the  crest  of  the  dam 
and  uplift  on  either  side  of  the  dam. 

Senator  Hopkins.  You  mean  the  water  would  rise  up?  Is  that 
what  you  mean  ? 

Mr.*  Bates.  Yes,  sir.  To  give  a  practical  illustration:  In  passing 
Lake  Colville,  on  the  Northern  Pacific,  we  had  a  lake  shaped  like  mv 
hand,  and  ran  across  a  little  arm  which  was  apparently  solid  ground.. 
When  we  put  in  material  by  trains,  it  constantly  went  out  and  we  did 
not  know  where  it  went  to.  But  after  we  had  been  working  there 
several  months  there  came  up  an  island  about  1,000  feet  out  in  the 
lake;  and  the  trains  to-day  run  across  that  place  on  a  "  U,"  unless 
they  have  changed  the  line  since  I  knew  it — that  is,  the  train  is  here 
and  the  island  is  there,  and  they  are  in  equilibrium. 

So  that  if  you  overload  the  crest  of  the  dam  you  do  not,  I  believe, 
increase  the  water-tightness,  but  you  increase  the  possibilit\'  of  sub- 
8idence  or  of  slide. 

Senator  Kittreixje.  Then  what  would  happen  ? 

Mr.  Bates.  If  it  slid,  your  dam  would  go  out. 

Senator  Kittredge.  To  what  extent  would  the  sliding  occur  before 
the  dam  would  go  out? 

Mr.  Bates.  Jiist  as  soon  as  your  water  overtook  it,  you  could  not 
stop  it.  Then  it  would  carry  the  earth  and  the  rock  and  everything 
away. 

I  have  seen  the  Mississippi  scour  away  its  bed  100  feet  below  its 
normal  bed  when  it  got  started  in  a  certain  direction.  When  I  was 
building  the  Puyallup  Dam  (which  I  have  right  here),  it  was  the  first 
dam,  as  I  said,  ever  built  by  the  hydraulic  process  in  the  world.  We 
had  there  a  tide  of  18  feet,  and  the  length  of  the  dam  was  900  feet.  I 
put  ray  dredge  above  the  dam,  where  1  could  borrow  the  material  and 
pump  direct,  and  undertook  to  close  it  at  the  slack  of  the  tide  at  high 
tide.  The  first  time  that  I  tried  it  I  could  not  get  it  high  enough 
during  that  tide,  starting  at  the  low  tide  and  following  it  up  to  the 
high  tide,  to  keep  the  water  from  overtopping,  and  it  overtopped  it 
and  in  five  minutes  it  had  a  crevasse  there  100  feet  wide  and  60  feet 
deep.  I  was  standing  on  the  dam  at  the  time  it  happened  and  had  to 
run  for  my  life.  So  that  when  a  dam  breaks  it  goes  almost  instan- 
taneously," and  if  there  should  be  a  fissure  or  break  here  the  water 
would  come  through  and  it  would  scour. 

Senator  Hopkins.  Y'ou  mean  a  break  at  the  crest  of  the  dam  ? 

Mr.  Bates.  Yes;  from  fissure  or  subsidence.  The  water  would 
come  through 


326  INVESTIGATION   OF   PANAMA   CANAL   MATTEBS.  • 

Senator  Hopkins.  What  do  you  mean  by  subsidence? 

Mr.  Bates.  Like  a  landslide  on  a  railroad  bank.  Suppose  a  section 
right  in  here  should  so  out  by  going  down. 

Senator  Hopkins.  That  is,  suppose  the  section  of  the  top  of  the 
dam  should  go  out? 

Mr.  Bates.  Yes;  go  down.  For  instance,  it  is  now  at  a  slope  of 
3  tol. 

Senator  Hopkins.  Yes. 

Mr.  Bates.  Suppose  your  strains  ai^  such  as  to  change  that  slope 
to  10  feet— then  it  is  just  like  sitting  down. 

Senator  Hopkins.  And  the  water  will  rush  in  over  the  topi 

Mr.  Bates.  And  carr}'  it  right  away. 

Senator  Hopkins.  Yes. 

Mr.  Bates.  Now,  then,  it  would  scour  not  only  the  dam  away,  but, 
in  my  experience,  I  believe  that  at  85  feet  head — and  I  had  at  Puyallup 
onlj'  18—1  believe  that  it  would  scour  150  feet  deep. 

Senator  Hopkins.  The  point  I  am  getting  at  is  this:  That  if  the  dam 
would  go  out,  it  would  go  from  an  overflow  rather  than  an  underflow 
of  water? 

Mr.  Bates.  Absolutely;  yes,  sir.  I  think  there  is  not  the  least 
danger  of  an  underflow. 

Senator  Hopkins.  Yes;  that  is  the  point  I  wanted  to  get  at. 

Mr.  Bates.  Especiallv  if  you  keep  your  head  low;  and  if  you  make 
your  head  high,  and  a  dam  of  that  character  should  go  out,  you  can 
not  put  it  back  with  mechanical  means.  It  can  only  go  back  by  trains, 
and  that  means  years. 

Senator  Hopkins.  But  there  is  no  danger  of  your  dam,  or  any  dam 
that  may  be  put  there,  being  carried  outT)y  an  underflow  of  water? 

Mr.  Bates.  I  do  not  think  so. 

Senator  Kittredge.  What  is  the  height  of  your  dam  at  Gratun? 

Mr.  Bates.  The  height  of  the  crest  is  75  feet.  I  have  not  over- 
loaded it. 

Senator  Kittredge.  Above  what? 

Mr.  Bates.  Above  sea  level.     It  is  a  matter  of  judgment. 

Senator  Kittredge.  Sustaining  what  head  of  water? 

Mr.  Bates.  A  net  head  of  29  feet. 

Senator  Kittredge.  How  much  more  head  of  water,  in  your  judg- 
ment, is  it  safe  for  any  dam  to  be  planned  to  sustain  at  that  point? 

Mr.  Bates.  I  would  not  sustain  over  40  feet. 

Senator  Kittredge.  Why? 

Mr.  Bates.  Because  it  takes  so  very  much  material  to  put  it  in, 
making  it  an  expensive  dam,  becauHe  it  would  be  so  very  expensive 
and  long  to  repair  if  it  ever  broke  away. 

Senator  Kittredge.  You  say,  "if  it  ever  broke  away;"  do  you  not 
expect  to  put  a  dam  in  there,  if  we  adopt  the  lock  plan,  that  will  stay 
there  forever,  for  all  time? 

Mr.  Bates.  It  will,  except  in  earthquake. 

Senator  Kittredge.  Why  do  you  think  there  is  any  danger  in  that 
regard,  then? 

Mr.  Bates.  I  understand  that  to  be  an  earthquake  country,  and  it  is 
quite  possible  that  something  of  that  sort  may  occur. 

Senator  Kittredge.  Would  not  a  general  earthquake  destroy  any 
kind  of  a  canal  i 
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Mr.  Bates.  Yes;  practically. 

The  Chairman.  Any  canal  of  any  kind? 

Mr.  Bates.  Any  canal.  All  the  canals  are  vulnerable  in  that  re- 
spect— the  sea-level  canal  ju8t  as  much  so  as  the  lock  canal.  In  fact, 
1  consider  the  sea-level  more  so,  because  that  Gamboa  dam  has  such 
tremendous  heads.  Your  danger  from  earthquake  diminishes  as  j^our 
head  of  water  increases. 

Senator  Morgan.  Mr.  Bates,  as  to  the  dam  of  the  minority  report 
there.    Is  that  lock  on  the  east  or  the  west  side  of  that  dam  ? 

Mr.  Bates.  This  is  the  east  side,  sir. 

Senator  Morgan.  The  east  side? 

Mr.  Bates.  Ye.s,  sir. 

Senator  Morgan.  Is  your  lock  on  the  east  or  the  west  side? 

Mr.  Bates.  On  the  same  side. 

Senator  Morgan.  They  are  both  on  the  same  side? 

Mr.  Bates.  Yes,  sir. 

Senator  Morgan.  And  on  the  same  hill? 

Mr.  Bates.  The  same  hill. 

Senator  Morgan.  The  axis  of  your  dam  is  the  same  as  the  axis  of 
the  dam  proposed  by  the  minority? 

Mr,  Bates.  Yes,  sir. 

Senator  Morgan.  Across  the  Chagres? 

Mr.  feATES.  Yes,  sir;  only  that  the  minority's  dam  is  higher;  con- 
sequently it  is  longer. 

Senator  Morgan.  Your  dam  is  75  feet  high? 

Mr.  Bates.  About;  yes,  sir. 

Senator  Morgan.  And  the  other  one  is  how  high  ? 

Mr.  Bates.  One  hundred  and  thirty-five  feet. 

Senator  Morgan.  One  hundred  and  thirty-live  feet.  Your  dam  is 
practically  half  as  high  as  theirs? 

Mr.  Bates.  A  little  more  than  half  as  high. 

Senator  Morgan.  And  you  raise  the  water  how  far — 29  feet? 

Mr.  Bates.  Twentv-nine  feet. 

Senator  Morgan.  How  high  do  they  mise  it? 

Mr.  Bates.  Eighty-five  feet. 

Senator  Morgan.  Then  the  choice  between  the  two  dams,  taking 
hem  by  themselves^  in  your  opinion,  depends  upon  the  heights? 

Mr.  Bates.  It  depends  upon  the  head — the  head  of  water  which  they 
are  sustaining. 

Senator  Morgan.  That  means  the  height  of  the  dam  that  backs  the 
head  of  water? 

Mr.  Bates.  The  dam  of  the  minority  has  85  feet  on  one  side  and  no 
feet  on  the  other.  The  dam  that  I  put  at  Gatun  has  62  feet  on  one 
side  and  36  on  the  other,  making  a  net  ditference  of  29  feet.  Conse- 
quently my  dam  has  to  combat  tne  pressure  and  the  percolation  due  to 
a  head  of  29  feet  instead  of  85— about  a  third. 

Senator  Morgan.  Now,  then,  your  estimate  of  the  difference  in 
volume  between  your  dam  and  the  dam  proposed  by  the  minority,  as  I 
understand  it,  depends  upon  the  height  of  the  dam?  They  have  theirs 
too  high,  in  your  judgment? 

Mr.  Bates.  In  order  to  put  in  a  flight  of  three  looks  they  have  made 
it  high.  I  had  to  put  in  but  one  lock,  and  had  no  occasion  to  make  it 
^0  high. 
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Senator  Morgan.  Very  good.  Now,  because  you  had  no  occasion 
to  make  it  so  high,  and  they  had  an  occasion  to  make  it  so  much  higher, 
you  think  that  your  plan  is  a  safer  plan  than  the  dam  85  feet  high? 

Mr.  Bates,  ourelj'. 

Senator  Morgan.  Yes;  and  that  is  your  choice  between  the  two 
dams  principally  ( 

Mr.  Bates.  Surely;  yes,  sir. 

Senator  Morgan.  You  put  a  revetment  of  stone  around  your  dam  ? 

Mr.  Bates.  Yes. 

Senator  Morgan.  Or  riprap,  or  cement,  or  whatever  ^^ou  please? 

Mr.  Bates.  Stone.  The  minority  make  one  around  the  foot,  and 
they  riprap  the  front  of  their  dam.  The  essential  principles  of  the 
construction  of  the  dams  are  the  same. 

Senator  Morgan.  Then  I  understand  that  there  is  no  danger,  in  your 
opinion,  of  the  water  underw^ashing  your  dam? 

Mr.  Bates.  I  do  not  think  so. 

Senator  Morgan.  And  quite  as  little  of  it^  underwashing  the  dam 
of  the  minority  report? 

Mr.  Bates.  Quite  as  little,  but  more  likely,  inasmuch  as  you  have 
85  feet  head  as  against  29. 

Senator  Morgan.  Ver^^  Rood;  but  take  them  together;  they  would 
be  practically  of  equal  solidity,  would  they  not? 

Mr.  Bates.  Yes,  sir. 

Senator  Morgan.  And  of  coui-se,  therefore,  pi-actically  equally  capa- 
ble of  resisting  the  head  of  water  ? 

Mr.  Bates.  As  far  as  resistance  goes;  yes. 

Senator  Morgan.  One  might  not  resist  a  head  of  water  85  feet  hig-h, 
and  the  other  one  might  resist  one  that  was  lower — the  height  of  your 
dam  ? 

Mr.  Bates.  Using  the  same  formula  of  construction. 

Senator  Hopkins.  One  moment.  From  the  answer  to  that  question 
1  do  not  know  whether  I  understood  him  aright  on  my  Question.  I 
understood  you  to  say,  Mr.  Bates,  on  the  construction  of  tne  minority 
dam  or  on  tlbe  construction  of  your  dam  that  there  was  no  danger  from 
an  underflow. 

Mr.  Bates.  Yes,  sir. 

Senator  Hopkins.  That  is  correct,  is  it? 

Mr.  Bates.  I  think  so. 

Senator  Hopkins.  That  if  either  dam  gives  way,  it  would  give  way 
from  an  ovei^flow? 

Mr.  Bates.  From  an  overflow  or  fissure. 

Senator  Hopkins.  Yes;  or  a  fissure  caused  by  an  earthquake? 

Mr.  Bates.  Certainly. 

Senator  Hopkins.  Under  no  other  conditions  would  there  be  an3' 
trouble  with  either  type  of  dam? 

Mr.  Batks.  I  do  not  think  there  would. 

Senator  Hopkins.   Yes;  that  is  what  I  wanted  to  know. 

Senator  Morgan.  So  that  there  is  practically  no  difference  except 
one  of  the  method  of  construction  between  the  solidity,  I  will  ssiy^  of 
your  dam  and  the  solidity  of  the  dam  of  the  minority  i 

Mr.  Bates.   Very  little. 

Senator  Morgan.  But  in  case  a  fracture  or  a  fissure  should  occur, 
your  dam  would  be  easier  to  replace  than  the  other? 
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Mr.  Bates.  Very  much. 

Senator  Moroax.  And  would  not  have  the  same  force  in  scouring 
the  material  away  that  had  hitherto  been  put  there  i 

Mr.  Bates.  No,  sir;  because  the  head  is  lower. 

Senator  Morgan.  Then  that  brings  it  to  this  proposition,  if  1  under- 
stand it — that  both  dams  would  stand  unless  a  nssure  occurred? 

Mr.  Bates.  Yes,  sir. 

Senator  Morgan.  And  then  the  question  would  be  which  would  be 
the  most  disastrous  in  its  effects  and  which  would  require  the  greatest 
expense  to  replace  it  i 

Mr.  Bates.  Yes,  sir. 

Senator  Morgan.  And  that  is  the  whole  story? 

Mr.  Bates.  That  is  the  whole  story. 

Senator  Morgan.  Do  you  consider  your  dam  perfectly  safe  i 

Mr.  Bates.  Yes,  sir. 

Senator  Morgan.  And  you  consider  the  other  one  equally  safe  except 
for  the  danger  of  a  fissure  ? 

Mr.  Bates.  Except  for  the  danger  of  a  fissure  or  overflow,  and  the 
diflScultj'  of  putting  it  back  if  anything  ever  happens  to  it.  It  is  going 
to  he  hard  enough  to  put  it  there  and  much  harder  to  over  put  it  back. 

Senator  Morgan.  Well,  if  it  should  ever  happen  1  reckon  we  would 
have  to  put  back  the  Island  of  Martinique  ana  some  other  islands  in 
the  Caribbean  Sea.  [Laughter.]  1  believe  1  undei-stand  your  propo- 
sitions now,  as  far  as  I  am  concerned. 

Senator  Dryden.  I  want  to  ask  Mr.  Bates  about  the  east  and  west 
breakwater  that  he  speaks  of  on  pa^e  1624.  I  would  just  like  to  have 
you  point  those  out  and  explain  a  little  about  them,  Mr.  Bates.  You 
seem  to  think  that  that  is  rather  a  dangerous  situation  there. 

Mr.  Bates.  If  )"ou  will  permit  me,  Senator,  I  will  get  the  drawings 
of  those. 

Senator  Morgan.  While  you  are  getting  ready  to  answer  that  ques- 
tion I  want  to  ask  one  question.  You  mentioned  the  dam  at  Bohio, 
and  said  you  thought  it  was  entirely  practicable  to  put  a  dam  in  there. 
In  the  dam  that  you  would  put  in  at  Bohio,  woulcl  you  put  in  a  rock 
foundation  of  an}'  kind? 

Mr.  Bates.  No,  sir;  I  would  use  the  same  type  of  dam. 

Senator  Morgan.  Well,  you  have  a  rock  foundation  of  your  dam 
here,  have  you  not? 

Mr.  Bates.  Oh,  yoi  would  put  your  dam  between  rock  tills  just  the 
same. 

Senator  Morgan,  Would  these  rocks  go  down  to  solid  rock,  or 
would  they  rest  upon  the  surface  of  the  material? 

Mr.  Bates.  They  rest  upon  the  surface,  or  within  20  feet  of  the 
surface.     You  first  strip  the  dam  site  and  then  put  your  rock  on  it. 

Senator  Morgan.  Very  good.  Now,  there  is  no  such  provision 
made  in  the  dam  of  the  minority  ? 

Mr.  Bates.  Oh,  I  think  so,  sir:  yes;  I  think  so.  They  first  strip 
the  ground.  They  put  rock  at  the  toe  of  their  slope  200  feet  wide,  and 
I  understand  they  put  riprap  at  the  front  of  their  dam.  It  does  not 
appear  to  me  that  they  put  the  volume  of  stone  in  the  front  of  their 
dam  which  Mr.  Morrison  has  advocated  and  which  I  have  shown;  but, 
on  the  other  hand,  there  is  no  reason  why  they  should  not  do  it  if  they 
want  to. 
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Senator  Morgan.  Now  about  the  rock  that  either  of  you  would  use — 
you,  in  the  construction  of  the  Bohio  dam  (which  follows  Mr.  Morri- 
son's idea),  and  in  the  construction  of  the  dam  of  the  minority  report — 
in  all  of  these  cases  the  rock  is  put  around  there  as  a  retaining  wall 
within  which  to  pack  the  earth? 

Mr.  Bates.  Yes,  sir. 

Senator  Morgan.  And  not  as  a  protection  apfainst  the  weight  of  the 
water  that  comes  from  above  i 

Mr.  Bates.  Oh,  it  acts  in  both  capacities. 

Senator  Morgan.  It  acts  in  both  capacities?  There  is  that  much 
more  weight  added  to  the  dam ,  and  that  is  the  reason  I  ask  it. 

Mr.  Bates.  Yes,  sir. 

Senator  Morgan.  But  in  neither  case  is  it  because  of  the  fact  that 
the  riprap  is  put  in  there  or  whatever  kind  of  rock  revetment  you  put 
around  tne  dam— in  neither  case  is  it  because  it  rests  upon  a  rock 
foundation  ? 

Mr.  Bates.  In  neither  case. 

Senator  Morgan.  That  is  all  I  wanted  to  ask. 

Senator  Hopkins.  I  want  to  ask  you  one  or  two  questions^^  Mr. 
Bates.  In  vour  testimonv  that  has  been  printed  you  say  (you  did  not 
state  it  orally  here  the  ottier  day):  ^'The  writer  did  not  reckon  upon 
buying  steamships  for  nearly  50  per  cent  more  than  their  value." 
What  did  you  mean  by  that? 

Senator  Dryden.  Mr.  Bates  covered  that  earlier. 

Senator  Taliaferro.  I  do  not  think  he  covered  it  fully. 

Senator  Hopkins.  If  he  did,  I  did  not  hear  it. 

Senator  Dryden.  All  right. 

Senator  Hopkins.  What  do  you  mean  by  that? 

Mr.  Bates.  I  have  already  explained 

Senator  Hopkins.  Well,  just  leave  that  out,  and  explain  it  to  me. 
I  did  not  hear  any  of  it. 

Mr.  Bates.  The  cost  of  those  ships  was  $610,000  each. 

Senator  Hopkins.  Of  what  ships? 

Mr.  Bates.  The  Merico  and  Havana. 

Senator  Hopkins.  It  was  what? 

Mr.  Bates.  It  was  $610,000. 

Senator  Hopkins.  How  do  you  know  that? 

Mr.  Bates.  I  was  informed'  by  a  gentleman  who  is  in  the  business. 

Senator  Hopkins.   Bv  whom? 

Mr.  Bates.  I  have  already  named  him — Mr.  Langell. 

Senator  Hopkins.  How  did  he  know  the  value  of  them;  or  what 
they  cost< 

Mr.  Bates.  He  was  familiar  with  making  up  the  estimates  on  which 
bids  were  made;  and,  as  I  have  said,  he  informed  me  that  one  company 
bid  Jf550.()()()  for  those  ships,  and  the  Cramps  $610,000;  and  because  of 
the  relations  of  the  Ward  Line  to  the  Cramps,  the  Cramps  took  the 
contract  at  J?610,000.     These  vessels  were  live  or  six  vears  old 

Senator  Hopkins.  Before  you  j^et  through  with  this,  right  at  that 
point,  let  me  ask  you  this:  Who  is  this  man  3'ou  speak  of? 

Mr.  Batks.  At  present  he  is  the  man  connected  with  the  New  York 
Shipbuilding  Company  whose  busincvss  it  is  to  make  up  the  estimates 
upon  which  bids  are  made. 

Senator  Hopkins.  Is  he  living  in  New  York  now? 

Mr.  Bates.  No;  he  lives  at  Camden,  where  these  works  are. 
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Senator  Hopkins.  That  is  all  you  know  about  the  niatter  of  paying 
50  per  cent  more,  is  it? 

Mr.  Bates.  The  way  I  ^ot  at  it  was  this:  The  P.  &  O.  Steamship 
Company,  the  great  English  steamship  company  with  which  I  am 
familiar,  and  otner  companies  write  off  7  per  cent  per  annum  from 
the  value  of  a  ship.  Applying  that  principle  to  the  Havana  and  the 
Mexico^  I  consider  that  those  vessels  were  really  worth,  from  deprecia- 
tion, about  from  $425,000  to  $450,000  apiece. 

Senator  Hopkins.  Do  you  know  anything  about  the  condition  of  the 
ships  from  the  time  that  they  were  first  launched  up  to  the  time  that 
they  were  purchased,  personally  ? 

Sir.  Bates.  I  do  not,  personally;  no. 

Senator  Hopkins.  Do  you  know  anything  about  the  condition  in 
which  they  were  kept  from  year  to  year? 

Mr.  Bates.  I  assume  that  the}*  were  kept  as  well  as  vessels  can  be 
kept. 

senator  Hopkins.  Do  you  know?  I  do  not  want  any  assumptions. 
I  want  to  know  if  you  know  anything  about  it'll 

Mr.  Bates.  No,  sir. 

Senator  Hopkins.  Do  you  know  what  condition  the  ships  were  in 
at  the  tiuie  they  were  purchased  ? 

Mr.  Bates.  1  know  nothing  about  the  condition  of  the  ships. 

Senator  Hopkins.  Have  you  ever  seen  them? 

Mr.  Bates.  No. 

Senator  Hopkins.  Then  the  judgment  which  you  have  expressed  here 
in  thin  pamphlet  before  me  was  founded  upon  the  statement  made  by 
this  gentleman  in  New  Jersey  ? 

Mr.  Bates.  Yes,  sir. 

Senator  Hopkins.  And  the  fact  that  they  charge  off  7  per  cent  per 
annum  for  the  use  of  a  vessel? 

Mr.  Bates.  Not  only  that,  but  from  the  knowledge  of  the  sizes  of 
these  vessels,  and  from  the  fact  that  I  have  built  and  owned  vessels 
myaelf ,  and  I  am  accustomed  to  figuring  on  that  class  of  work. 

Senator  Hopkins.  Do  you  know  whether  these  vessels  had  depreci- 
ated any  in  their  value  at  the  time  that  they  were  purchased  from  what 
they  were  at  the  time  they  were  first  launched? 

Mr.  Bates.  Every  vessel  does,  sir. 

Senator  Hopkins.  But  do  you  know  anything  about  these  vessels? 

Mr.  Bates.  I  simply  apply  to  them  the  broad  principle  that  every 
vessel  depreciates  from  the  day  it  leaves  the  stocks. 

Senator  Hopkins.  Is  it  not  a  fact  that  vessels  can  be  kept  in  good 
condition  by  repairs  so  that  a  vessel  twenty  years  from  now  can  pass 
"A  1"— a  vessel  20  years  old? 

Mr.  Bates.  The  Aurania 

Senator  Hopkins.  No;  answer  my  question.     Is  not  that  a  fact? 

Mr.  Bates.  No,  sir;  it  is  not  a  fact. 

Senator  Hopkins.  Is  it  not  a  fact  that  vessels  are  kept  in  such  repair 
that  they  pass  with  insurance  companies  A  1  when  they  are  twenty 
years  of  age? 

Mr.  Bates.  It  is  one  thing  to  pass  with  insurance  companies  and 
another  thing  to  have  a  selling  value. 

Senator  Hopkins.  On  the  question  of  a  selling  value,  do  you  say 
that  a  vessel  that  is  20  years  of  age  has  never  been  passed  as  A  1  ? 
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Mr.  Bates.  I  say  that  a  vessel  that  is  20  vears  of  age  is  not  worth 
what  she  was  when  she  was  built,  and  nobody  can  make  her  so,  unless 
there  come  extraordinary  circumstances. 

Senator  Hopkins.  What  do  you  mean  by  "extraordinary  circum- 
stances?" 

Mr.  Bates.  A  war. 

Senator  Hopkins.  Well 

Mr.  Bates.  You  give  your  "kingdom  for  a  horse." 

Senator  Hopkins.  You  mean  unless  there  is  a  greater  demand  than 
there  ordinarily  is  for  a  vessel? 

Mr.  Bates.  Yes,  sir. 

Senator  Hopkins.  What  do  you  know  about  the  steam  dredges  that 
were  used  there  that  you  say  have  depreciated^  sav,  60  per  cent? 

Mr.  Bates.  You  must  not  misunderstand  it  in  that  fashion,  Senator. 

Senator  Hopkins.  The  50  per  cent  does  not  apply  to  steam  dredges? 

Mr.  Bates.  Only  to  the  ships,  sir. 

Senator  Hopkins.  What  do  you  know  about  their  paying  more  for 
steam  dredges  than  they  were  worth? 

Mr.  Bates.  My  objection  in  that  clause — what  I  mean  to  say  is  that 
I  would  not  buy  dredges  until  I  knew  what  I  was  goin^  to  do. 

Senator  Hopkins.  Do  you  know  whether  any  exorbitant  price  was 
paid  for  any  dredges  'i 

Mr.  Bates.  No;  I  do  not  think  there  was. 

Senator  Hopkins.  Was  any  exorbitant  price  paid  for  any  shovels 
that  were  purchased? 

Mr.  Bates.  I  do  not  think  there  was. 

Senator  Hopkins.  Or  for  any  locomotives  that  were  purchased? 

Mr.  Bates.  I  do  not  consider  that  point  at  all.  What  I  have  to  say 
relates  to  the  fact 

Senator  Hopkins.  Now,  wait  a  minute;  I  will  get  at  that.  But,  so 
far  as  dredges,  shovels,  and  locomotives  were  concerned,  you  have  no 
information  that  would  warrant  your  saying  that  the  Government  paid 
any  more  than  those  dredges,  shovels,  and  locomotives  were  worth? 

Mr.  Bates.  I  have  not  said  so. 

Senator  Hopkins.  Do  you  say  so  now  ? 

Mr.  Bates.  1  never  have  said  that  they  paid  any  more  for  them  than 
they  are  worth. 

Senator  Hopkins.  Then,  your  criticism  is  that  they  have  purchased 
some  before  they  needed  them  ? 

Mr.  Bates.  Before  they  knew  what  they  were  going  to  do. 

Senator  Hopkins.  That  does  not  answer  my  question. ' 

Mr.  Bates.  Before  they  needed  them. 

Senator  Hopkins.  Now,  take  locomotives.  What  locomotive,  or 
locomotives,  have  they  purchased  there  that  they  did  not  need? 

Mr.  Bates.  The  first  point.  Senator,  is  this 

Senator  Hopkins.  No,  no;  take  the  locomotives  first. 

Mr.  Bates.  With  the  locomotives,  the  number  ordered  depended 
upon  what  they  meant  to  do  at  Culebra.     Now,  then 

Senator  Hopkins.  How  manv  of  them  did  they  order? 

Mr.  Bates.  You  have  it  in  the  record — 120. 

Senator  Hopkins.  One  hundred  and  twenty  ? 

Mr.  Bates.  One  hundred  and  twenty  have  been  ordered,  as  I  recall 
for  the  Commission,  and  24  for  the  Panama  Railroad. 
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Senator  Hopkins.  Yes.  Do  you  say  that  at  the  time  that  that  order 
was  given  they  did  not  need  that  many  ? 

Mr.  Bates.  1  say  that  they  never  studied  the  Culebra  proposition  to 
know  whether  they  should  use  locomotives,  steam  traction,  or  electric 
traction,  and  that  there  was  never  any  study  by  anybody  com{>etent  to 
make  it  of  the  Culebra  excavation;  and  it  is  altogether  a  question  with 
me  whether  that  is  the  best  way  to  do  it. 

Senator  Hopkins.  Bjr  locomotive,  you  mean?  Have  you  ever  heard 
any  other  engineer  claim  that  they  could  use  other  than  steam  loco- 
motives? 

Mr.  Bates.  It  is  perfectly  feasible  to  use  electric  traction. 

Senator  Hopkins.  Have  you  ever  heard  any  other  engineer,  Ameri- 
can or  foreign,  say  that  they  could  use  other  than  a  steam  engine? 

Mr.  Bates.  I  discussed  this  matter,  for  instance,  with  Mr.  CoflSn, 
the  president  of  the  (jeneral  Locomotive  Company,  and  pointed  out 
to  hira 

Senator  Hopkins.  We  have  your  view;  but  I  ask  you  if  you  know 
o(  any  other  American  engineer,  or  any  foreign  engineer,  that  has 
claimed  that  they  could  use  other  than  steam  engines  there  in  the  con- 
struction of  the  canal — I  mean,  economically? 

Mr.  Bates.  Yes;  for  years  people  have  had  in  mind  the  application 
of  electricity  to  the  Panama  and  the  Nicaragua  canals. 

Senator  Hopkins.  And  who  has  advocated  the  use  of  electricity  over 
steam  for  the  construction  of  this  canal,  in  the  operation  and  use  of 
locomotives? 

Mr.  Bates.  I  do  not  recall  at  the  moment  anyone  who  has;  but,  on 
the  other  hand,  there  are  people  who  have.  1  will  look  it  up  for  you 
and  give  you  the  data. 

Senator  Hopkins.  Do  you  know  how  many  dredges  were  ordered? 

Mr.  Bates.  Yes.  There  have  been  two  dipper  dredges  ordered — 
one  for  Colon  and  the  other  for  La  Boca — at  a  price  of  about  $100,000 
each. 

Senator  Hopkins.  Are  those  dredges  now  in  use? 

Mr.  Bates.  No,  sir;  they  are  not  yet  delivered. 

Senator  Morgan.  Not  yet  delivered? 

Mr.  Bates.  No,  sir.  JParties  have  gone  down  there  to  assemble 
them. 

Senator  Hopkins.  How  many  shovels?  T)o  you  know  anything 
about  those  that  have  been  ordered? 

Mr.  Bates.  Some  62  shovels,  I  think. 

Senator  Hopkins.  Do  you  know  whether  those  that  have  been 
ordered  are  in  use  at  all? 

Mr.  Bates.  1  think  the  total  order  is  about  100.  There  are  17  in 
use.  An  engineer  who  came  to  my  office  just  two  days  ago  told  me 
there  were  17  in  use  when  he  left  the  Isthmus,  about  ten  days  ago. 

Senator  Hopkins.  How  many  have  been  delivered;  any  more  than  17? 

Mr.  Bates.  I  do  not  know. 

Senator  Hopkins.  Now,  to  get  back  to  these  two  ships,  do  you  know 
anything  about  the  conditions  under  which  they  were  purchased? 

Mr.  Bates.  No;  no. 

Senator  Hopkins.  You  do  not  know  anything  at  all  about  the  cir- 
cumstances under  which  they  were  purchased?  ^ 

Mr.  Bates.  No,  sir. 
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Senator  Hopkins.  Do  you  know  anything  about  the  demand  in 
transportation  for  vessels  of  the  type  of  these  two  ships? 

Mr.  Bates.  I  can  easily  imagine  tnat  there  was  a  very  large  demand, 
because  there  was  a  tremendous  amount  of  stuff  bought  for  the  Isth^ 
mus — free  material. 

Senator  Hopkins.  I  am  not  speaking  of  the  demand  for  the  Isthmus. 

Mr.  BAtES  (continuing).  Which  made  the  demand. 

Senator  Hopkins.  I  ask  vou  the  question,  do  you  know  anything 
about  the  demand  for  vessels  of  this  type  in  the  transportation  busi- 
ness at  the  time  these  ships  were  bought? 

Mr.  Bates.  I  know  that  there  was  a  fair  demand  for  vessels  of  that 
character,  and  that  these  two  vessels  were  on  the  Mexican  line. 

Senator  Hopkins.  Do  you  know  whether  any  vessels  of  this  type, 
and  of  the  quality,  character,  and  condition  of  these  vessels,  could 
have  been  bought  anywhere  in  the  world  cheaper  than  these  were 
bought  at  the  time  that  they  were  purchased? 

Mr.  Bates.  They  could  have  been  built,  brand  new 

Senator  Hopkins.  No;  wait  a  moment.  Answer  my  question, 
please. 

Mr.  Bates.  1  do  not  know  of  any  vessels  that  could  have  been 
bought  for  that  price  or  any  other  price. 

Senator  Hopkins.  You  do  not  know  of  any  that  were  for  sale  then? 

Mr.  Bates.  I  am  not  cognizant  of  that. 

Senator  Hopkins.  Do  you  know  how  many  vessels  of  that  type  were 
actually  in  existence  in  tne  commercial  world? 

Mr.  Bates.  I  suppose  there  wei-e  just  two;  these  being  sister  ships, 
there  were  just  two  vessels  like  that. 

Senator  Hopkins.  Of  that  t3^pe,  and  that- — 

Mr.  Bates.  If  you  mean  by  size;  but  of  that  type^of  course,  you 
know,  all  vessels  differ;  so  that  if  you  mean  those  identical  dimen- 
sions, if  you  make  a  specification  that  fits  only  those  vessels,  those 
were  the  only  vessels  that  could  be  had.    . 

Senator  Hopkins.  Take  vessels  that  could  be  utilized  for  the  pur- 
poses to  which  these  were  put — how  many  were  in  existence  in  the 
commercial  world? 

Mr.  Bates.  I  will  look  that  up- 

Senator  Hopkins.  You  do  not  know,  do  you? 

Mr.  Bates.  No. 

Senator  Hopkins.  Then,  you  have  no  knowled^  of  your  own  from 
which  you  could  say  whether  the  Government  paid  too  much  for  those 
vessels  or  not? 

Mr.  Bates.  I  judged  that  it  paid  too  much,  because  a  new  vessel 
could  be  built  for  the  price  that  it  paid. 

Senator  Hopkins.  How  long  would  it  take  to  construct  a  new  vessel 
of  that  type? 

Mr.  Bates.  About  eight  or  nine  months — say  ten  months. 

Senator  Hopkins.  Where  could  such  a  vessel  as  that  be  built  within 
ten  months — at  what  shinyard? 

Mr.  Bates.  The  New  York  Shipbuikiing  Company. 

Senator  Hopkins.  The  New  York  Shipbuilding  Company? 

Mr.  Bates.  Yes,  sir. 

Senator  Hopkins.  Within  ten  months  from  the  time  the  order  was 
given? 
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''  Mr.  Bates.  Yes,  sir,  very  probably;  1  think  so.     I  am  very  certain 
it  could  have  been  built  in  that  time  at  the  Armstrongs',  for  instance. 
Senator  Hopkins.  That  is  all. 

Senator  Taliaferbo.  I  suppose,  Mr.  Bates,  that  you  mean  by  that 
statement  that  in  the  purchase  of  a  large  quantity  of  tools  down  there 
OQ  the  Isthmus,  before  the  type  of  canal  was  decided  upon,  the  Com- 
mission has  acted  indiscreetly. 
Mr.  Bates.  I  think  so. 
Senator  Taliaferro.  That  was  the  point? 

Mr.  Bates.  That  was  the  point  I  wished  to  bring  out — the  type 
should  be  decided  first. 

Senator  Taliaferro.  And  as  a  matter  of  fact,  where  they  paid 
11,300,000  for  two  ships  10  years  old,  duplicates  of  those  ships  could 
have  been  built  and  delivered  new  for  that  amount  of  money? 
Mr.  Bates.  Yes,  sir. 
Senator  Tauaferro.  That  Is  the  point? 
Mr.  Bates.  That  is  the  practical  point;  yes,  sir. 
Senator  Morgan.  Mr.  Bates,  if  you  are  through  with  that  matter, 
1  will  ask  you  a  question.     A  sea-level  canal  constructed  in  from  the 
bay  of  Limon  would  remain  at  sea  level,  if  I  understand  the  situation 
out  there,  practically  until  it  reached  Bohio,  without  any  very  deep 
embankments — ^perhaps  without  any  ? 

Mr.  Bates,   x  es,  sir;  the  elevation  at  Gatun  of  the  surface  of  the 
swamp  is  about  4  or  6  feet  above  sea  level. 
Senator  Morgan.  Yes. 

Mr.  Bates.  And  that  level  runs  practically  to  Bohio,  and  the  lowest 
recorded  water  of  the  Chagres  at  Bohio  is  just  mean  sea  level. 

Senator  Morgan.  That  would  leave  the  banks  of  the  canal  how  high 
above  the  surface  of  it  at  Bohio? 

Mr.  Bates.  The  natural  bank  just  below  Bohio  would  perhaps  be 
6  or  8  feet. 
Senator  Morgan.  Six  or  eight? 
Mr.  Bates.  Yes. 

Senator  Morgan.  Now,  continue  that  sea  level  on  up  to  Gamboa; 
how  high  would  the  banks  of  the  canal  be  above  the  sea  level  and  above 
the  surface  of  the  canal  at,  say,  Gamboa,  taking  the  river  there  as  the 
central  point? 

Mr.  Bates.  At  Gamboa  the  elevation  of  the  river  is  45  feet  above 
sea  level.  The  bank  is  higher  than  that — about  5  feet.  But  these 
measurements  that  I  give  are  the  heights  of  the  natural  conformation 
and  not  the  height  of  the  spoil  banks  adjacent. 

Senator  Morgan.  I  understand  that.     I  am  taking  the  natural  sur- 
face as  the  indication  of  the  height.     It  is  about  50  feet,  then,  that  the 
natural  surface  at  Gamboa  would  be  above  the  surface  of  the  canal? 
Mr.  Bates.  Yes. 

Senator  Morgan.  About  50  feet? 
Mr.  Bates.  Yes. 

Senator  Morgan.  Is  there  good  ground  at  Gamboa  for  putting  in 
locks? 
Mr.  Bates.  At  Gamboa? 
Senator  Morgan.  Yes. 

Mr.  Bates.  The  French  have  a  site  at  Obispo  which  was  rock.  That 
is  across  the  Chagres  from  Gamboa,  on  the  right  bank  of  the  Chagres 
going  up — on  the  west  bank  of  the  Chagres. 
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Senator  Morgan.  Yes. 

Mr.  Bates.  That  was  a  rock  lock  site  adopted  by  the  old  company 
when  they  were  obliged  to  abandon  the  sea-level  scheme. 

Senator  Morgan.  That  location  for  the  locks  is  in  a  ridge  that  makes 
out  toward  Gigante;  it  is  in  a  ridge  there,  is  it  not? 

Mr.  Bates.  Oh,  Gigante,  sir,  is  right  above  Bohio. 

Senator  Morgan.  I  know  it  is;  I  mean  the  direction  of  Gigante. 
It  is  a  ridge  that  comes  in  there  at  Bohio,  and  the  locks  are  to  be 
located  on  the  left  bank  of  the  Chagres  River?  I  do  not  mean  on  the 
bank,  but  on  the  left  side? 

Mr.  Bates.  That  is,  the  Bohio  locks  were  to  be  on  the  left  bank  of 
the  Chagres;  yes. 

Senator  Morgan.  The  left  bank  of  the  Chagres  River? 

Mr.  Bates.  Yes,  sir. 

Senator  Morgan.  Very  good.  Then  there  is  a  ridge  nmning  out 
toward  Gigante? 

Mr.  Bates.  Yes,  sir. 

Senator  Morgan.  From  there? 

Mr,  Bates.  Yes,  sir. 

Senator  Morgan.  Now  we  will  go  up  to  Gamboa.  Is  there  suitable 
and  proper  ground  at  Gamboa  for  putting  in  locks? 

Mr.  Bates.  You  could  put  in  a  lock  at  Obispo,  but  nobody,  in  the 
present  project,  is  suggestmg  a  lock  at  Gamboa. 

Senator  Morgan,  ^ell,  suppose  I  suggest  one? 

Mr.  Bates.  Then  you  would  have  to  put  it  at  Obispo,  where  the 
old  French  location  was. 

Senator  Morgan.  At  Obispo,  out  beyond  Gamboa,  farther  to  the 
south  than  Gamboa  ? 

Mr.  Bates.  There  is  Gamboa  [indicating]. 

Senator  Morgan.  Yes. 

Mr.  Bates.  There  is  Gamboa  here.  Now,  the  Obispo  lock  was 
located  in  here  somewhere. 

Senator  Morgan.  At  Gamboa  is  there  any  ground  suitable  for  put- 
ting in  locks? 

Mr.  Bates.  I  do  not  think  so;  because  you  could  put  a  lock  going 
with  the  Chagres,  but  that  would  not  take  you  to  Panama.  On  the 
other  side  you  have  not  very  good  ground  for  a  lock  unless  vou  cut 
into  the  side  of  this  hill  or  into  the  side  of  that  hill  [indicatingj.  You 
can  put  it  right  above  Gamboa  there,  right  at  the  beginning  of  the 
Culeori  section. 

Senator  Morgan.  Yes:  that  is  good  ground  for  locks,  is  it? 

Mr.  Bates.  Oh,  yes. 

Senator  Morgan."^  What  would  be  the  depth  of  the  water  at  that 
place,  at  Obispo,  below  the  surface  of  the  earth — the  level  of  the 
water? 

Mr.  Bates.  The  level  of  a  sea-level  canal? 

Senator  Morgan.  Yes. 

Mr.  Bates.  It  would  be  45  feet  at  Gamboa. 

Senator  Morgan.  How  at  Obispo? 

Mr.  Bates.  Practically  the  same. 

Senator  Morgan.  Practically  the  same? 

Mr.  Bates.  Yes,  sir. 

Senator  Morgan.  So  if  you  were  running  a  sea-level  canal  to  Obispo 
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you  would  have,  when  you  got  there,  a  natural  bank  on  either  side  of 
about  40  feet  elevation  above  the  surface  of  the  canal  ? 

Mr.  Bates.  From  45  to  50  feet. 

Senator  Morgan.  And  that  would  be  a  suitable  and  safe  location  for 
putting  in  locks  1 

Mr.  Bates.  It  would  be  a  safe  location;  it  would  not  be  a  suitable 
one. 

Senator  Morgan.  Why  not  suitable? 

Mr.  Bates.  Because  then  you  would  have  to  feed  your -summit  level 
entirely  from  stomge  in  a  lake  above  Gamboa  or  Alhajuela,  and  there 
is  not  water  enough  then  for  a  lock  canal  at  all. 

Senator  Morgan.  Not  water  enough  in  the  Chagres  River? 

Mr.  Bates.  Above  Gamboa — no,  sir. 

Senator  Morgan.  Above  Gamboa? 

Mr.  Bates.  No,  sir. 

Senator  Morgan.  No  matter  what  dam  you  put  in  there  you  could 
not  get  water  enough  to  feed  that  canal? 

Mr.  Bates.  You  could  not. 

Senator  Morgan.  The  sea-level  canal  that  would  run  from  the  bay 
of  Limon  to  Obispo  would  have  its  water  furnished  from  the  sea? 

Mr.  Bates.  Yes. 

Senator  Morgan.  ^^  ould  it  require  any  great  amount  of  water  in 
addition  to  that  in  order  to  keep  the  canal  in  operation  between  Obispo 
with  a  sea-level  canal  in  operation  between  Obispo  and  the  bay  of 
Limon  ? 

Mr.  Bates.  Why,  you  have  the  ocean;  the  ocean  is  your  inex- 
haustible reservoir  for  a  sea-level  canal. 

Senator  Morgan.  That  is  what  I  supposed. 

Mr.  Bates.  Yes,  sir. 

Senator  Morgan.  So  that  you  would  have  to  borrow  no  water  from 
the  Chagres  at  all  in  order  to  run  that  end  of  it  out.  How  many  miles 
would  that  be  from  Obispo  to  the  bav  of  Limon  ? 

Mr.  Bates.  It  is  45  kilometers — t&at  is,  81  miles — 30^  miles. 

Senator  Morgan.  Thirty  and  one-half  miles  of  sea-level  canal,  reach- 
ing from  the  Bav  of  Limon  to  Obispo,  would  be  filled  with  sea  water? 

Mr.  Bates.  Yes. 

Senator  Morgan.  Would  there  not  be  enough  water  left  in  the 
Chagres  River,  with  a  dam  across  at  Gamboa,  to  supply  a  lock  level 
out  to  the  other  end? 

Mr.  Bates.  No.  sir;  because  you  would  only  have  the  water  that 
falls  in  the  Chagres  watershed  above  Gamboa;  and  that  is  only  about 
half  of  the  total  water  suppW  of  the  Isthmus,  and  I  think  that  it  takes 
all  the  water  supply  of  the  Isthmus  to  supply  a  lock  canal,  no  matter 
of  what  description,  and  the  amount  of  water  that  you  use  is  deter- 
mined by  your  upper  lock.  If,  for  instance,  you  have  a  summit  level 
at  60  feet,  the  water  that  supplies  your  summit  level  also  will  supply 
your  lower  level;  so  that  if  you  put  a  lock  at  Obispo  you  would  nave 
only  the  water  supply  above  Gamboa.  If  you  put  your  lock  at  Gratun 
you  would  have  double  the  amount  of  lockage  supply. 

Senator  Morgan.  What  is  the  height  of  the  dam  the  minority  pro- 
pose at  Gamboa? 

Mr.  Bates.  The  minority  do  not  propose  any  dam  at  Gamboa. 
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Senator  Morgan.  Oh,  yes.  What  is  the  height  of  the  dam  that  has 
been  heretofore  proposed  at  Gamboa  to  back  the  Chagres  River  up, 
say,  to  Alhajuela?     What  would  be  the  heig-ht  of  the  dam  requisite f 

Mr.  Bates.  The  sea-level  scheme  proposes  a  dam  whose  crest  is  1n» 
feet  above  sea  level,  and  in  which  the  head  of  water  may  mount  to  ITu 
feet. 

Senator  Morgan.  That  is  for  controlling  works? 

Mr.  Bates.  Yes,  sir. 

Senator  Morgan.  And  water  power? 

Mr.  Bates.  Yes;  if  anybody  could  use  it. 

Senator  Morgan.  What  is  the  area  of  that  lake  above  the  dam  pro- 
posed by  the  sea-level  report,  in  square  miles? 

Mr.  Bates.  I  think  it  is  stated  to  be  about  37  square  miles;  but  I 
would  have  to  look  that  data  up. 

Senator  Morgan.  You  woula  have  to  look  it  up? 

Mr.  Bates.  Yes,  sir;  I  think  it  is  37  square  miles. 

Senator  Morgan.  And  you  think  that  a  lake  of  that  size  would  not  be 
sufficient  to  supph"  a  lock  canal  between  Obispo  and,  say,  Miraflore!*f 

Mr.  Bates.  That  lake  must  be  fed  by  the  run-off  of  the  watershed, 
so  that  if  that  run-oflp  is,  for  instance,  4,000  cubic  feet  per  second,  then 
the  4,000  cubic  feet  per  second  is  all  you  have  to  use,  no  matter 
whether  your  lake  is  as  big  as  Lake  Superior. 

Senator  Morgan.  What  is  the  approximate  distance  between  Obispo 
and  Miraflores  i 

Mr.  Bates.  Ten  miles.  Obispo  is  31  miles  and  Miraflores  41 — just 
10  miles. 

Senator  Morgan.  Ten  miles.  Now,  do  you  think  that  the  supply 
of  water  from  the  Cha^res  River  would  not  fill  the  prism  of  the  canal 
between  Obispo  and  Miraflores? 

Mr.  Bates.  I  think  that  it  would  fill  it,  but  it  would  not  be  enouifb 
to  lock  50,000,000  tons  per  annum  through  that  section. 

Senator  Morgan.  You  think  you  woiild  require  more  water  than 
the  Chagres  River  would  afford  for  that  purpose? 

Mr.  Bates.  Than  that  portion  of  ther  Chagres  would  aflford. 

Senator  Morgan.  Yes;  I  am  talking  about  the  reservoir  as  far  down 
as  Gamboa. 

Mr.  Bates.  No,  sir. 

Senator  ;MeRGAN.  There  are  still  other  aflluents  that  come  io  there— 
the  Obispo  and  several  other  aflSuents  that  come  in  between  Miraflores 
and  Gamboa? 

Mr.  Bates.  They  are  very  small;  comparatively  small. 

Senator  Morgan.  Yes;  comparatively  small.  Now,  taking  them  all 
together,  it  is  your  opinion  that  that  10  miles  of  lock  canal  could  not 
be  sufficiently  supplied  with  water  for  commercial  purposes,  for  float- 
ing ships  in  the  canal  ? 

Mr.  Bates.  Yes,  sir. 

Senator  Morgan.  With  a  dam  185  feet  high,  I  believe  it  is,  at 
Gamboa  'i 

Mr.  Bates.  Yes,  sir. 

Senator  Morgan.  That  is  what  I  wanted  to  ascertain. 

Senator  Taliaferro.  Mr.  Bates,  what  would  you  consider  to  be  the 
ideal  type  of  canal  across  that  Isthmus,  disregarding  the  question  of 
cost  and  the  question  of  the  time  necessary  to  construct  it?     What  do 
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vou  regard,  as  an  engineer,  the  ideal  type  of  canal  across  that  Isthmus? 
Is  it  a  lock  or  is  it  a  eea-level  canal? 

Mr.  Bates.  It  is  a  lock  canal;  a  lock  canal  with  the  locks  not  in 
fligrht,  but  single,  separated  from  each  other  not  less  than  3  or  4  miles; 
with  the  summit  lake  beginning  at  Gatun,  extending  through  to  Pedro 
Miguel,  at  an  elevation  of  not  to  exceed  62  feet  above  sea  level;  with 
a  controlling  dam  at  Gamboa  and  another  at  Alhajuela,  so  as  to  divide 
your  risks,  not  having  it  all  at  Gamboa,  as  the  majority  propose;  with 
your  lower  locks  at  Mindi  and  at  Sosa  Hill.  With  such  a  plan  you 
Will  have  the  greatest  amount  of  lake  navigation,  the  most  absolutely 
fL^sured  contral  of  the  Chagres;  it  is  the  easiest  to  construct,  the  most 
sanitary,  and  has  all  the  advantages  that  I  can  think  of  for  anything 
that  can  be  done. 

Senator  Hopkins.  Do  you,  under  any  conditions,  favor  a  sea-level 
canal,  Mr.  Bates? 

Mr.  Bates.  No,  sir. 

Senator  Hopkins.  Now,  can  you  briefly  state  why  you  do  not  favor 
a  sea- level  canal? 

Mr.  Bates.  I  am  discussing  the  report 

Senator  Tauaperro.  Now,  Mr.  Bates,  if  you  will  pardon  me 

Mr.  Bates.  I  have  the  heads  here  that  I  want  to  refer  to. 

Senator  Taliaferro  (continuing).  Instead  of  criticising  the  plan 
that  has  been  submitted  here,  if  you  would  only  answer  from  your 
own  point  of  view  as  an  en^neer,  it  would  be  so  much  more  satisfac- 
tory, I  think,  to  the  committee. 

Sir.  Bates.  Yes,  sir. 

Senator  Hopkins.  My  question  was  propounded  upon  this  idea: 
Some  engineers  claim  that  a  sea-level  canal  is  the  true  type  of  canal  to 
construct  there.  Others  say  it  is  not.  In  answer  to  my  question  you 
say  that  under  no  conditions  would  you  put  a  sea-level  canal  across  the 
Isthmus. 

Mr.  Bates.  Yes,  sir. 

Senator  Hopkins.  Now,  just  in  a  few  brief  words,  please  make  that 
plain  to  a  layman. 

Mr.  Bates.  One  of  the  first  things  is  the  terminal  harbors  at  each 
end.  For  the  benefit  of  this  country,  I  consider  that  the  best  harbors 
that  can  be  made  are  combined  salt-water  and  fresh-water  harbors 
adjacent  to  each  side. 

Senator  Taliaferro.  Now,  that  suggestion  does  not  go  to  the  ques- 
tion of  the  (»nal,  Mr.  Bates,  at  all.  I  should  consider  that  the  har- 
bors could  be  made  just  as  useful  with  one  type  of  canal  there  as  with 
another;  and  what  we  wanted  to  ascertain  was  your  objection  to  the 
sea  level  as  a  type  of  canal,  not  the  question  of  intermixing  sea  water 
there  with  fresh  water,  as  you  would  do  with  a  lock  canal. 

Mr.  Bates.  Exclusive  of  the  harbors,  then,  and  the  type  of  the  sea- 
level  canal,  which  would  have  only  salt-water  harbors,  the  first  objec- 
tion that  I  would  recite  with  reference  to  the  vessel  is  that  she  travels 
all  the  way  in  a  constricted  channel.  That  being  so,  her  average  speed 
will  be  less,  and  it  will  take  longer  to  cross  the  Isthmus  in  a  sea-level 
canal  from  the  dispatching  station  on  one  side  to  the  dispatching  sta- 
tion on  the  other.     I  speak  of  large-sized  ships. 

Senator  Taliaferro.  Just  for  information,  at  what  speed  do  you 
estimate  it  would  be  safe  for  a  lar^e-sized  ship  to  traverse  a  sea-level 
canal,  as  recommended  by  a  majority  of  the  consulting  board? 
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Mr.  Bates.  From  4  to  5  miles  an  honr. 

Senator  Taliaferro.  And  the  length  of  the  canal  is  what? 

Mr.  Bates.  The  distance  is  forty-five  miles. 

Senator  Moboan.  In  a  sea-level  canfd? 

Mr.  Bates.  Forty-tive  miles  from  the  dispatching  stations — 44  miles 
from  the  dispatching  station  off  Colon  to  the  tide  lock  at  Sosa  Hill. 

Senator  Morgan.  You  have  to  add  3  miles  to  that  to  go  down  to 
the  islands,  do  you  not? 

Mr.  Bates.  Yes,  sir;  but  your  dispatching  station  really  is  your 
standard  for  isthmian  transit. 

Senator  Hopkins.  Your  first  objection,  as  I  underetand  it,  is  the 
restricted  speed  of  the  vessels  in  crossing  the  Isthmus.  What  other 
objection  have  vou  to  the  sea-level  canal  f 

Mr.  Bates.  In  making  a  regulation  of  the  Chagres,  you  have  in  the 
sea-level  proposition  a  dam  at  Gamboa  180  feet  high,  with  a  head  up 
to  170  feet,  and  1  regard  that  as  a  very  high  dam  and  a  very  hign 
head.  The  amount  of  excavation  in  the  Culebra  cut  runs  it  up  to 
enormous  cost.  You  have  the  most  lower  Chagres  diversion  work. 
In  order  to  keep  the  water  of  the  watershed  out  of  the  canal,  the 
plan  practically  provides  for  diversions  on  both  sides.  On  the 
east  side  it  follows  closely  the  valley  of  the  Chagres,  and  finally 
debouches  into  the  Bay  of  Manzanillo.  On  the  west  side,  instead 
of  making  diversions  adjacent  to  the  canal,  they  have  been  cut  out. 

Senator  Hopkins.  Who  has  cut  them  out? 

Mr.  Bates.  The  sea-level  proposition — the  majority. 

Senator  Hopkins.  We  do  not  care  whose  type  it  is.  It  is  a  sea- 
level  canal.     I  do  not  care  whether  it  is  the  majority's  or  whose  it  is. 

Mr,  Bates.  Yes. 

Senator  Hopkins.  I  simply  wanted  to  get  ^''our  objections  to  any 
kind  of  a  sea-level  canal. 

Mr.  Bates.  It  has  the  most  lower  Chagres  diversion  work — ^an 
enormous  quantity  of  it.  It  has  the  highest  cost  of  excavation, 
because  you  have  to  do  more  rock  work  under  water.  It  takes  the 
most  plant  to  do  it.  There  is  the  least  utilization  of  the  old  French 
excavation,  because  their  spoil  banks  are  so  close  to  their  line  that  half 
of  them  have  to  be  dug  out  and  carted  away,  so  you  lose  half,  tiie 
advantage  of  the  old  French  excavation,  and  the  other  plans  lose  a 
portion  also.     You  have  more  pumping  during  construction  on  that 

Slan  than  any  other,  and  pumpmg  is  difficult.  You  have  the  greatest 
ifficulties  in  the  distribution  of  spoil.  In  this  whole  report  of  the 
advisory  board  I  have  not  been  aole  to  find  a  single  line  that  says 
where  they  are  going  to  take  the  spoil  from  any  part  of  the  canal, 
practically. 

Senator  Taliaferro.  The  things  you  are  stating  now,  Mr.  Bates, 
go  to  the  question  of  cost? 

Mr.  Bates.  Yes. 

Senator  Taliaferro.  And  I  intended  to  eliminate,  in  mv  question, 
all  considerations  of  cost.     Let  me  go  back  and  see  if  I  did. 

(By  request,  the  stenographer  read  the  question  of  Senator  Talia- 
ferro, as  follows:) 

"  Mr.  Bates,  what  would  you  consider  to  be  the  ideal  type  of  a  canal 
across  that  Isthmus,  disregarding  the  question  of  cost  ana  the  question 
of  the  time  necessary  to  construct  it?    What  do  you  regara,  as  an 


INVESTIGATION   OF  PANAMA  CANAL  MATTEBS.  341 

en^neer,  the  ideal  type  of  canal  across  that  Isthmus?  Is  it  a  lock  or 
is  it  a  sea-level  canafr' 

Senator  Taliaferbo.  Now,  that  disregards  the  question  of  cost  and 
disregards  the  time  required  to  construct  it. 

Mr.  Bates.  Then  it  would  be  entirely  from  the  standpoint  of  a  ship? 

Senator  Hopkins.  Well,  would  it?   " 

Mr.  Bates.  That  is  what  I  am  asking  you. 

Senator  Taliaferro.  We  want  to  get  your  ideas;  at  least  I  do. 
One  of  your  objections  to  the  sea  level  was  that  it  retiarded  the  speed 
of  the  vessels  in  crossing  the  isthmus? 

Mr.  Bates.  Yes,  sir. 

Senator  Taliaferro.  Now,  is  there  any  other  objection  to  a  sea-level 
canal,  disregarding  the  time  and  the  expense  of  the  construction  of  the 
canal? 

Mr.  Bates.  Increasing  the  time  of  transit  increases  the  risk  to  the 
ship. 

I  have  my  other  points  right  here. 

It  has  the  greatest  curvature  affecting  navigation.  When  there  is  a 
cun*e  on  a  laKe  waterway,  the  curve  does  not  affect  navigation.  When 
it  is  in  a  constricted  channel,  it  does.  There  are  the  greater  dangere 
of  taking  these  curves.  If  you  could  have  a  sea-level  canal  without 
any  reference  to  the  Chagres  regulation,  without  anv  reference  to 
time  or  cost,  then  naturally  it  is  an  ideal  type  of  canal;  but  you  can 
not  do  it. 

Senator  Taliaferro.  That  is  the  kind  of  canal  we  ought  to  have, 
then;  is  it? 

Mr.  Bates.  But  you  can  not  get  it. 

Senator  Taliaferro.  That  is  a  question  as  between  the  engineers. 
If  I  go  to  you  to  solve  an  engineering  problem,  and  you  sa}'  to  me, 
*'  I  can  solve  that  problem  at  this  expense,"  I  would  be  justified,  it 
seems  to  me,  in  relying  on  your  judgment  and  advice.  There  were 
assembled  here  in  "this  city  a  number  of  distinguished  engineers. 
They  tell  us  without  any  qualification  or  question  that  the  waters  of 
the  Chagres  and  of  all  of  the  small  streams  which  traverse  that  sec- 
tion ana  which  ordinarily  would  empty  into  that  canal  can  be  success- 
fully controlled.  Now,  do  you  mean,  Mr.  Bates,  to  tell  the  committee 
that  all  of  those  engineers  are  absolutely  wrong  on  that  question  of 
controlling  the  Chagres? 

Mr.  Bates.  I  have  not  said  that  they  could  not  control  it.  What 
I  do  sav  is  that  in  controlling  it  they  use  identically  the  principles 
which  I  advanced  in  my  project  and  no  other.  You  will  find  that 
there  for  the  first  time  appears  the  under-sluice  dam  and  the  divided 
river. 

Senator  Taliaferro.  I  noticed  that  in  your  statement,  Mr.  Bates. 

Mr.  Bates.  Yes,  sir. 

Senator  Taliaferro.  And  I  want  to  say  that,  however  that  may  be, 
if  it  is  so  that  this  board  has  adopted  your  ideas  in  that  respect,  so 
much  the  greater  hesitation,  I  take  it,  you  would  have  in  saymg  that 
the  recommendation  of  the  board  was  at  fault  ? 

Mr.  Bates.  The  recommendation 

Senator  Taliaferro.  If  they  bring  your  ideas  to  us,  we  are  ready 
to  adopt  them  if  they  are  good  ideas. 

Mr.  Bates.  I  object  to  the  sea-level  canal  on  account  of  cost  and 
time  and  life  and  sanitary  conditions  in  constructing  it,  and  when  you 
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have  ^ot  it  you  have  not  got  a  canal  as  good  as  the  lock  canal.  It 
takes  you  50  per  cent  longer  time,  with  a  biff  ship,  to  go  through  it, 
and  I  can  not  see  any  advantage  whatever  in  tne  sea-level  canal.  You 
have  to  have  one  lock  anvway. 

Senator  Hopkins.  Well,  let  me  ask  you  this  question:  Is  it  not  a 
fact  that  it  would  cost  more  to  keep  a  sea-level  canal  clear,  so  that 
vessels  could  navigate  it,  than  a  lock  canal  'i 

Mr.  Bates.  Yes,  sir;  for  dispatch,  because  you  have  got  to  have 
more  stations 

Senator  Hopkins.  But  the  point  I  am  getting  at  is,  would  not  the 
Chagres  and  the  other  rivers  tnere  on  the  Isthmus  carry  refuse  matter 
into  the  canal  that  would  lodge  there  and  would  have  to  be  dredged 
out,  and  all  that  sort  of  thing,  so  as  to  make  it  more  expensive  and 
more  dangerous  to  navigation  than  a  lock  canal? 

Mr.  Bates.  By  making  the  diversion,  sir,  on  the  s'des  big  enough, 
it  is  my  belief  that  you  can  keep  the  silt  deposits  out  of  the  canal.  I 
do  not  believe  in  resting  the  integrity  of  the  whole  sea  level  or  any 
other  enterprise  on  one  great  thing  like  the  Gamboa  dam.  I  would 
divide  the  risk. 

Senator  Tauaferro.  You  spoke  of  the  health  of  the  Isthmus. 

Mr.  Bates.  Yes,  sir. 

Senator  Taliaferro.  I  suppose  you  have  studied  health  questions, 
sanitation,  etc. 

Mr.  Bates.  In  my  volume  (the  large  one)  I  made  as  exhaustive  study 
as  possible  of  the  records  of  the  navy  and  array  in  the  Tropics  to  show 
the  relative  health  of  a  man  afloat  and  a  man  ashore  in  the  Tropics.  It 
came  out  that  the  man  afloat  had  from  six  to  sixty  times  the  immunity 
that  a  man  ashore  had.  Consequently,  the  records  aopeared  to  abso- 
lutely demouvstrate  that  the  more  lake  area  you  had  the  freer  you 
would  be  from  military  hazards,  because  you  could  operate  a  smaller 
force  of  highly  skilled  men  and  take  extremely  good  care  of  them  on 
a  floating  plant. 

So  that  m  the  lock  canal  which  I  have  advocated  there  is  the  most 
lake  length  that  it  is  possible  to  get  from  Mindi  to  Obispo  and  from 
Miraflores  to  Sosa,  leaving  but  about  8  or  10  miles  which  may  be 
said  to  be  land-locked  or  typical  canal  navigation.  And  in  starting, 
I  would  first  put  in  my  dam  at  Gamboa  across  the  Chagres,  and  then  I 
would  be  afloat  all  the  way  to  Bohio.  I  do  the  same  thing  at  the  same 
time  on  the  other  side,  and  then,  next,  I  would  have  my  dam  at  Gratun; 
and  then  I  would  have  water  all  the  way  to  the  foot  of  the  Culebra. 
You  can  have  all  but  8  or  10  miles  absolutely  finished  in  three  years. 

Senator  Hopkins.  On  a  lock  system  ? 

Mr.  Bates.  Yes,  sir. 

Senator  Morgan.  Your  proposition  has  bow  many  locks  in  it — three 
or  four? 

Mr.  Bates.  The  preferred  plan  has  four. 

Senator  Morgan.  Your  plan? 

Mr.  Bates.  The  preferred  plan,  B,  has  four. 

Senator  Morgan.  Where? 

Mr.  Bates.  One  of  them  at  Mindi,  one  at  Gatun,  one  at  Pedro 
Miguel,  and  the  other  at  Sosa. 

Senator  Morgan.  That  is  all  ? 

Mr.  Bates.  Yes,  sir. 
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Senator  Dryden.  Now,  about  those  breakwaters:  You  seem  to  thick 
that  there  is  a  good  deal  of  danger,  or  would  be,  in  those  harbors  there 
in  the  event  of  storms. 

Mr.  Bates.  Yes,  sir. 

Senator  Drtden.  Which  lx>th  of  the  other  plans  call  for? 

Mr.  Bates.  Yes,  sir;  the  east  breakwater  runs  out  from  Colon  Light 
to  a  point  on  the  40-foot  contour.  Right  at  that  point  is  a  reef  carry- 
ing 22i  feet  of  water  right  under  the  lee  of  a  ship  entering,  and  that 
constitutes  something  which  should  be  avoided  if  it  can  be.  That 
breakwater  is  exposed  to  the  trade  winds,  and,  the  water  being  deep, 
the  blocks  of  which  it  is  made,  if  you  want  to  have  a  solid  structure, 
would  have  to  be  15  or  20  ton  blocks.  Otherwise  they  would  be  moved 
by  the  force  of  the  sea. 

On  the  west  side  we  have  a  breakwater  which  is  4i  miles  long. 
Now,  the  line  of  direction  of  a  heavy  sea  in  ^Miorthers"  is  slightly 
oblique  to  that,  not  at  right  angles,  and  not,  as  I  take  it,  directly  into  the 
eye  of  the  wind.  I  think  that  the  line  is  more  nearly  this.  [Indicating.] 
So  that  I  have  considered  that  it  is  unwise  to  make  a  breakwater 
across  the  bay,  the  water  being  so  deep,  but  to  make  one  in  compara- 
tively shallow  water,  18  to  21  or  22  feet  deep,  starting  from  the  vicin- 
ity of  Mindi  Point,  making  the  channel  from  Mindi  roint  to  this  con- 
tour a  submerged  channel,  just  as  your  channel  is  at  New  York,  or  in 
leading  up  to  Port  Said,  and  in  very  many  places  in  the  world. 

Senator  Hopkins.  Right  there,  let  me  saj-  that  I  may  be  mistaken, 
but  ray  impression  is  that  you  could  not  have  a  channel  of  that  char- 
acter, the  same  as  we  have  at  New  York,  at  that  point.  I  would  like 
to  have  you  elucidate  that  a  little. 

Mr.  Bates.  In  making  a  submerged  channel,  the  maintenance  of  it 
consists  simply  of  loading  a  hopper  dredge,  such  as  I  am  using  at  Gal- 
veston, and  taking  the  material  and  either  depositing  it  at  sea  or  put- 
ting it  in  here  [indicating]. 

Senator  Hopkins.  Yes;  1  underetand  how  you  would  put  it  out;  but 
are  not  the  trade  winds  and  other  conditions  such  that  it  would  iill 
rirfit  up,  and  you  could  not  keep  it  open  ? 
Mr.  Bates.  I  do  not  think  so. 

Senator  Hopkins.  Well,  have  you  made  an  investigation,  Mr.  Bates  ? 
Now,  1  do  not  know  where  I  got  the  impression,  but  I  have  had  the 
impression  that  it  would  be  impossible  to  have  that  there;  and  if  you 
have  some  personal  or  specific  information  on  that  subject.  I  would 
like  to  have  you  give  it  to  us,  as  to  the  condition  of  the  soil  tnere,  and 
the  influence  that  the  trade  winds  would  have  upon  any  such  project 
as  you  have  suggested. 

ilr  Bates,  in  that  portion  of  the  bay  which  is  outside  of  the  21  or  22 
foot  contour  line  you  are  below  the  line  of  wave  motion.  I  have  put 
my  breakwater,  then,  to  cover  that  portion  of  the  bay  where  those 
difficulties  would  obtain,  that  being  perfectly  covered.  This  that  is 
colored  with  blue  here  can  be  taken  out,  not  with  the  hopper  dredges, 
but  simply  put  upon  that  reclaimed  land,  and  as  they  would  be  quite 
free  of  wave  motion  that  is  easy  to  maintain.  So  that  instead  of  put- 
ting out  very  expensive  breakwaters  here,  or  in  this  direction,  the 
water,  so  to  say,  protects  itself.  I  would  expect  to  have,  as  all  canals 
must  have,  powerful  dredges  of  maintenance  m  order  that  any  deposits 
might  always  be  removed. 
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Senator  Hopkins.  To  keep  it  dredged  out 'if 

Mr.  Bates.  Yes,  sir. 

Senator  Morgan,  Will  you  kindly  point  out  there,  Mr.  Bates,  where 
those  two  easternmost  lakes  are  located  ? 

Mr.  Bates.  On  this  plan — this  is  the  plan  A,  with  onlj  two  locks — 
one  at  Mindl  and  the  other  at  Sosa  Hill,  on  the  other  side  a  flat  sunoi- 
mit  level.  Then  the  lock  is  right  here  on  the  side  of  Jaramillo  Hill. 
That  is  reached  by  a  basin  occupying  the  present  bed  of  the  old  canal, 
but  very  much  widened.  Then  from  the  lock  over  to  the  hill  is  a  low 
dike  or  dam  about  3,000  feet  in  aggregate  length  between  those  small 
hills,  and  that  holds  up  a  head  of  water  in  here  of  al)Out  30,  32,  or 
33  feet,  whatever  you  decide.  On  the  four-lock  canal  I  put  in  the 
Gatun  dam  from  Gatun  Hill  to  the  westerly  hill,  which  shows  in  more 
detail  on  one  of  these  plans  which  you  have  already  seen. 

Now,  on  the  Pacific  side 

Senator  Morgan.  No;  I  want  to  get  that.  What  height  of  water 
do  you  get  there  at  the  Gatun  dam  above  the  sea  level? 

Mr.  Bates.  On  the  project  B,  the  preferred  one,  the  height  here  is 
62  feet. 

Senator  Morgan.  Sixty-two  ? 

Mr.  Bates.  Sixty  or  62.  On  the  other  side  of  the  dam  it  is,  say, 
33,  making  a  difference  of  29  feet.  That  means  one  lock  at  Mindi  in 
this  hill,  another  lock  at  Gatun  in  the  Gatun  Hill. 

Senator  Morgan.  What  is  the  height  of  the  lock  at  Mindi? 

Mr.  Bates.  Thirty-three  feet. 

Senator  Morgan.  Thirty-three? 

Mr.  Bates.  Yes,  sir. 

Senator  Morgan.  And  then  you  add  to  that  how  much? 

Mr.  Bates.  Twenty-nine,  making  62. 

Senator  Morgan.  Sixty-two? 

Mr.  Bates.  Yes,  sir. 

Senator  Morgan.  And  then,  with  that  elevation  there,  you  get  62 
feet  for  the  surface  of  your  canal  above  the  bottom  of  the  prism 

Mr.  Bates.  You  carry  that  clear  to  Pedro  Miguel. 

Senator  Morgan.  Yes;  to  Pedro  Miguel. 

Mr.  Bates.  That  is  the  point  right  here  [indicating]. 

Senator  Morgan.  Yes. 

Mr.  Bates.  This  would  be  the  Culebra  cut  and  here  is  Pedro  Miguel 
[indicating]. 

Senator  Morgan.  Now,  you  would  fill  all  of  that  distance  between 
Gatun  and  Pedro  Miguel  with  the  waters  of  the  Chagres  River  and 
its  affluents? 

Mr.  Bates.  Yes,  sir. 

Senator  Morgan.  You  would  find  it  quite  sufficient,  would  you? 

Mr.  Bates.  Yes,  sir. 

Senator  Morgan.  No  danger  of  running  it  down  in  case  of  a  heavy 
patronage  of  the  canal? 

Mr.  Bates.  I  think  not.  I  think  you  would  have  capacitv  for 
100,000,000  tons. 

Senator  Morgan.  The  only  water  supply  you  would  have  would  be 
the  rainfall 

Mr.  Bates.  The  run-off,  the  watershed  of  the  whole  distance. 

Senator  Morgan.  You  would  have  the  watershed  of  the  Chagres  and 
its  affluents  between  Gatun  and  Pedro  Miguel  ? 
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Mr.  Bates.  Yes,  sir. 

Senator  Morgan.  You  would  take  them  all  in  ? 

Mr.  Bates.  Yes,  sir. 

Senator  Morgan.  With  no  controlling  works  anywhere  except  at 
the  two  dams  ? 

Mr.  Bates.  At  Gamboa  and  at  .Alajuela;  and  I  also  propose  a  dam 
on  the  Cano,  which  is  quite  a  little  stream. 

Senator  Morgan.  You  propose  to  put  in  a  dam  at  Gamboa  ? 

Mr.  Bates.  At  Gamboa. 

Senator  Morgan.  And  at  Alajuela? 

Mr.  Bates.  And  at  Alajuela.  Each  of  them  has  exactly  the  same 
height  as  the  Assouan  dam.  1  would  also  have  a  dam  on  the  Cano, 
which  has  quite  a  watershed. 

Senator  Morgan.  You  want  those  dams  to  prevent  the  flood  waters 
from  coming  into  this  great  basin  you  have  here? 

Mr.  Bates.  Yes,  sir;  I  want  to  let  the  water  into  the  basin  grad- 
ually in  case  of  a  flood. 

Senator  Morgan.  Why  do  you  want  a  dam  at  Gamboa  and  also  at 
Alajuela  ? 

Mr.  Bates.  Because  I  want  to  divide  the  risks. 

Senator  Morgan.  You  want  to  divide  the  risk? 

Mr.  Bates.  Yes,  sir;  either  dam  would  be  big  enough  to  work  alone; 
just  exactly  as  in  feeding  a  steam  boiler  on  a  vessel  you  have  two  feed 
pumps,  so  if  one  breaks  down  you  have  another  one. 

Senator  Morgan.  You  want  to  make  security  doubly  secure? 

Mr.  Bates.  Doubly  secure;  so  that  I  have  in  this  plan  the  lake 
navigation — that  is,  the  lake  navigation  of  the  Chagres  exactly  as  in 
the  minority  plan,  but  a  little  lower.  I  have  also  the  dam  regulation; 
so  tliat  where  they  have  one  element  of  safety  I  have  more. 

Senator  Morgan.  You  have  the  undersluice  there  at  the  Gatun 
dam,  and  then  3^ou  have  the  dam  at  Gamboa,  and  the  dam  at 
Alhajuela? 

Mr.  Bates.  Yes,  sir. 

Senator  Morgan.  That  is  three.^  Are  there  any  other  regulation 
works? 

Mr.  Bates.  There  is  one  at  Cano. 

Senator  Morgan.  Yes;  that  is  for  navigation  mther  than  to  fence 
off  the  waters  that  come  flowing  into  the  prism  of  the  canal,  is  it  not? 

Mr.  Bates.  That  is  to  keep  out  any  possible  disturbance  from  floods 
or  from  the  watersheds. 

Senator  Morgan.  Yes.  This  map,  then,  is  not  a  correct  delineation 
of  your  plan  ? 

Mr.  Bates.  Yes,  sir;  this  is  the  Panama  side;  that  is  Ancon  Hill; 
this  Ls  Sosa  Hill;  these  are  the  islands  in  Panama  Bay;  that  is  the 
reef,  the  San  Jose  rocks;  and  I  call  your  attention  to  the  fact  that  in 
both  the  majority  and  minority  plans  there  are  channels  across  this 
reef. 

Their  maps,  their  plans,  and  the  French,  all  stop  at  this  point,  and 
take  no  cognizance  of  this  San  Jose  reef,  which  I  nave  marked  from 
the  latest  surveys;  so  that  the  alignment  given  on  this  plan  and  on  the 
other  one  woula  have  to  be  changed,  or  they  would  have  to  have  extra 
work  at  this  point.  Then,  at  Panama  the  new  town  site  is  mainly 
made  up  of  Culebra  material,  that  being  the  most  available  spoil  area. 
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The  literal  drift  ia  Panama  Bay  is  such  that  whatever  channels  are 
made  out  into  Panama  Bay  will  be  subject  to  refilling  and  incessant 
dredging  unless  there  is  a  breakwater  which  cute  it  off.  Consequently, 
I  would  utilize  the  Culebra  material  to  make  these  breakwaters.  They 
would  have,  also,  a  certain  military  value. 

Senator  Morgan.  Are  those  stone  works? 

Mr.  Bates.  Yes,  sir.  There  is  a  section  of  the  breakwater  which 
is  the  same  as  the  section  of  the  Plymouth  breakwater,  in  England. 

Senator  Morgan.  Built  of  ripmp? 

Mr.  Bates.  It  is  built  of  various  character  and  sizes  of  rock.  What 
is  called  third-class  rock  forms  the' core;  that  is,  rock  that  two  men  can 
lift.  The  second-class  rock  is  rock  weighing  up  to  2  or  3  tons;  and  first- 
class  rock  is  rock  weighing  from  5  to  10  tons,  which  you  put  on  any 
exposed  surface. 

Senator  Morgan.  IIow  far  is  the  eastern  end  of  that  breakwater 
from  the  city  of  Panama? 

Mr.  Bates.  It  is  4  miles. 

Senator  Morgan.  On  the  shore,  how  far  is  it  from  the  city? 

Mr.  Bates.  From  the  city  of  Panama? 

Senator  Morgan.  Yes. 

Mr.  Bates.  It  is  about  two  miles  and  a  half.  Two  miles  and  a  half 
either  way  brings  you  to  the  shore  ends  of  the  breakwater. 

Senator  Morgan.  You  propose  to  surround  the  city  of  Panama  on 
two  sides? 

Mr.  Bates.  All  except  their  water  front;  it  does  not  interfere  with 
their  present  water  front;  and  this  land  that  it  covers  is  most  of  it 
bare  at  low  tide.  I  hold  that  that  forms  the  nearest  and  safest  spoil 
basin  or  spoil  area  for  the  Culebra  spoil. 

1  would  like  to  add,  relative  to  the  sea-level  canal,  that  it  does  not 
permit  the  passage  of  vessels  so  readily,  and  that  there  is  no  provision 
for  turning. 

(Mr.  Bates  was  thereupon  excused,  and  the  committee  went  into  exec- 
utive session,  after  which  an  adjournment  was  taken  until  to-morrow, 
Tuesday,  March  13,  1906,  at  10.30  o'clock  a.  m.) 


ISTHMIAN  CANAL. 


COMMITTEK  ON  InTEROCEANIC  CaNALS, 

United  States  Senate, 
Washington^  D,  C,^  Tuesday^  March  13 ^  1906. 
The  committee  met  at  10.30  o'clock  a.  m. 

Present:  Senators  Millard  (chairman),  Kittredge,  Dryden,  Hopkins, 
Knox,  Ankeny,  Morgan,  and  Taliaferro. 

(The  following  paper,  which  was  submitted  by  Mr.  Bates  at  the  close 
of  yesterday's  session  and  which  contains  a  summary  of  his  views  as  to 
the  best  type  of  canal  to  be  constructed  across  the  Isthmus  of  Panama, 
is,  by  direction  of  the  committee,  printed  as  a  part  of  the  record:) 

THE  60-FOOT  LOCK  AND  LAKE  CANAL. 

Indorsed  by  the  majority  of  the  Board  of  Consulting  Engineers  as 
the  best  lock  and  lake  canaU  page  35.  So  believed  by  Mr.  Bates  with 
the  changes  italicized,  because: 

This  canal  fulfills,  as  the  85-foot  canal  does  not,  the  elementary  con- 
ditions of  safety  and  adequacy — 

1.  No  head  of  over  35  feet  is  impounded  by  a  dam  on  alluvial  foun- 
dations. 

2.  Locks  are  the  full  1,000-foot  dimensions. 

3.  Locks  are  never  in  flight,  so  that  the  dangers  of  overrunning  are 
minimized  and  the  divided  lock  can  be  used  for  small  ships,  saving 
lockage  water. 

4.  The  risks  are  averaged  over  many  units. 

MINDI  CANAL  ENTRANCE 

Atlantic  Liinon  Bay  approach  half  way  between  Point  To7*o  and 
Col^m  qiving  straight  entrance  free  of  reef s  to  Mindi. 

Bawoa^  a  netc  city  to  be  rnaae  opposite  M!ndi^  on  the  hill  between 
Late  Chagres  and  tne  inner  salt  harbor  in  Limon  Bay. 

First  lock  and  low  dam  making  Lake  Chagres  at  30 -|-  foot  level. 

Second  lock  and  dam  making  Lake  Gatun-Bohio  at  60+  foot  level. 

By  this  arrangement  the  difference  in  levels  or  head  is  but  30  feet. 
Since  dredges  can  pump  up  material  35  feet,  the  dam  can  be  built  by 
them.    The  locks  are  separated,  not  in  flight. 

The  majority  plan  puts  the  first  lock  at  Gatun,  and  the  second  and 
summit-level  lock  at  Bohio.  But  by  this  latter  location  only  the 
limited  amount  of  water  above  Bohio  is  available  for  lockage. 

The  Bates  plan  puts  the  second  or  suminit-level  loch  at  Gatun.  Thus 
the  full  amount  ojlockaye  irnter  above  Gatun  is  available^  and  the  first 
lock  at  Mindi. 

Gamboa  sluice  dam  is  proposed  to  intervene  between  the  upper 
Chagres  floods  and  the  canal  at  Gamboa.  The  regulated  discharge 
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passes  through  the  dam  sluices  and  is  sent  pail  to  the  Atlantic  and 
part  to  the  racitic  down  the  canal. 

The  majority  proposes  a  180-foo^  dam  sustaining  a  deep  lake. 
Instead  of  this  the  Bates  pt^oposal  is  to  average  the  risks  over  two  lower 
similar  dams  117  feet  high^  smtmning  no  lake  but  having  behind  them, 
basins  normaUy  empty  to  catch  thefioods. 

At  Pedro  Miguel  the  third  lock  brings  the  level  from  that  of  Lake 
Gatun-Bohio  60+  feet  to  that  of  Lake  ranama  26+  feet. 

At  Ancon  Sosa  the  fourth  lock  gives  the  lift  between  Lake  Panama 
and  the  Pacific  Ocean  level. 

Greater  Panama, — Lake  Panama  at  26+  foot  level  makes  possible 
an  inner  fresh  harbor  and  hill-protected  naval  station,  as  at  Balboa. 
It  is  proposed  to  use  Culebra  rock  to  make  great  breakwaters,  whose 
heads  will  be  the  Panama  Harbor  islands.  Inside  these,  on  the  tidal 
flats,  the  great  central  excavation  can  be  deposited  to  reclaim  a  greater 
Panama. 

While  the  decision  as  to  type  is  being  made,  the  Culebra  work 
necessary  for  any  canal  might  be  done  and  these  breakwaters  and  rec- 
lamation used  as  the  places  for  disposal  of  the  spoil.  This  is  the  only 
way  b^  which  real  work  can  be  started  at  once  without  the  deposited 
material  interfering  with  the  ultimate  adoption  of  any  type  of  canal, 
for  this  harbor  improvement  is  incontestably  available  and  desirable 
or  all. 


REPORT  OF  R.  L  FARNHAM 

CONCERNING  PURCHASE  OF  SHIPS  FOR  PANAMA  RAIL- 
ROAD COMPANY,  AND  PAPERS  RELATING 
THERETO. 


(The  chairman  submitted  the  following  papers,  which  by  direction 
of  the  committee  are  printed  as  part  of  the  record:) 

Isthmian  Canal  Affairs, 

Office  of  Administration, 
Washington,  D,  C,  March  7,  1906. 

Dear  Sir:  Referring  to  the  data  which  your  committee  asked  me  to 
furnish  when  I  was  before  you  yesterday,  I  have  the  honor  to  advise: 

First.  When  the  Isthmian  Canal  Commission  purchased  the  steamers 
Havana  and  Mexico  from  the  New  York  and  Cuba  Mail  Steamship 
Company  (Ward  Line)  that  company  was  carrying  insurance  to  the 
amount  of  1425,000  on  each  steamer,  at  an  average  rate  of  3.64  per 
cent.  The  Panama  Railroad  Company  is  now  carrying  insurance  to 
the  amount  of  $656,000  on  each  of  these  steamere,  at  an  average  rate 
of  3.28  per  cent,  in  favor  of  the  Isthmian  Canal  Commission,  from 
whom  they  are  Jeased.  These  steamers  are  rated  A 1  for  twenty  years 
from  1899,  the  year  they  were  built.  This  rating  was  in  force  when 
the  vessels  were  purchased  from  the  Ward  Line  and  is  still  in  effect. 

Second.  I  send  you  herewith  copy  of  the  report  of  survey  and  inspec- 
tion on  each  of  the  above-mentioned  steamers  which  was  made  at  the 
time  of  the  transfer  from  the  Ward  Line  to  the  Canal  Commission. 

Third.  I  send  you  herewith  copy  of  report  made  by  Mr.  E.  L.  Farn- 
ham,  dated  London,  June  2,  1905,  and  New  York,  July  15,  1906,  con- 
cerning his  investigation  as  to  the  purchase  of  various  foreign  ships 
for  the  Commission.  ^  . 

Fourth.  The  cost  of  the  new  linen,  china,  glassware,  and  silverware 

? purchased  for  the  steamers  Havana  and  Mexico  since  their  receipt 
rom  the  Ward  Line  was  $7,070.  Part  of  the  linen,  china,  glassware, 
and  silverware  which  we  received  with  the  steamers  Mexico  s,n&  Haixina 
from  the  Ward  Line  is  being  used  by  the  Commission  for  other  pur- 
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poses,  and  part  of  it  will  be  returned  to  the  Ward  Line  at  valuation  to 
DC  a^eed  upon  as  it  bears  their  monogram. 

Fifth.  I  send  you  herewith  copy  of  the  minutes  of  the  meeting  of 
board  of  directors  of  the  Panama  Kailroad  Company  at  which  the  sale 
of  bonds  was  authorized.  These  bonds  were  sold  to  Mackay  &  Co., 
16  Nassau  street,  New  York,  the  highest  bidders,  and  repurchased 
from  them  as  per  my  testimony  of  yesterday. 

Sixth.  No  materials  have  been  purchased  by  the  Panama  Railroad 
Company  for  the  Isthmian  Canal  Commission  since  February,  1906, 
except  the  lot  of  rails  mentioned  in  my  testimony  of  yesterday,  which 
were  purchased  in  March,  1906.  The  Canal  Commission  has  purchased 
its  own  rails  as  well  as  all  other  material  needed  by  it  since  that  time. 
No  purchases  have  at  any  time  been  made  by  the  Canal  Commission 
for  the  Panama  Railroaa.  The  requisitions  for  material  needed  by 
the  Canal  Commission  are  made  on  rec^uisition  blanks  headed  *'  Isthmian 
Canal  Commission,^^  and  the  requisitions  for  material  needed  for  the 
Panama  Railroad  are  made,  on  requisition  blanks  headed ''^Panama 
Railroad  Company." 

Seventh.  A  statement  of  material  purchased  in  the  open  market 
without  advertising  since  December  1,  1905,  is  being  prepared  and 
will  be  sent  you  in  a  few  days. 
Verj'  respectfully, 

T.  P.  Shonts,  Chainnwu 

Hon.  J.  H.  Millard, 

CTuurtnan  Committee  on  Interoceanic  Canals^ 

United  States  Senate^  Washington^  D,  0. 


New  York,  July  H,  1905. 
T.  P.  Shonts,  Esq., 

Chairman  isthmian  Canal  CommtHsion^ 

24,  State  street,  New  York  City. 

Dear  Sir:  In  accordance  with  your  instructions  of  July  6  we  have 
surveyed  and  inspected  the  steamship  Mexico  while  lying^  afloat  at  pier 
18,  Brooklyn,  and  also  while  in  the  ary  dock  at  Erie  Basin,  and  beg  to 
advise. 

Upon  examining  the  various  holds,  decks,  bulkheads,  coal  bunkers, 
and  sides  of  the  vessel  in  same,  and  the  ironwork  generally,  found  the 
same  to  be  in  very  good  condition  and  having  the  appearance  of  hav- 
ing been  well  cared  for,  the  only  defect  found  being  a  slight  leak  in 
the  margin  of  the  main  deck,  which  requires  calking. 

The  windlass,  winches,  steering  engine,  and  other  deck  fittings  were 
found  in  good  order  and  condition. 

The  lifeboats  and  life  rafts,  together  with  their  fittings,  in  good 
order  and  condition. 

Tho  joiner  work,  deck  houses,  bridge  rails,  etc.,  in  ffood  order  and 
condition  with  the  exception  of  the  engine-room  skylignt  cover,  which 
is  racked  and  should  be  renewed. 

^  The  engines  and  boilers,  together  with  the  pumps  and  the  other  aux- 
iliary machinery,  in  good  condition. 

Upon  examining  the  vessel  in  the  dry  dock  found  the  bottom  to  be 
in  good  condition,  with  the  exception  that  the  paint  there  had  been 
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scraped  off  in  a  number  of  places,  but  that  the  plating  was  free  from 
defects. 

The  fair-waters  over  the  couplings  of  the  outboard  shafting  were 
removed,  and  upon  examining  the  couplings  and  also  the  nuts  on  the 
end  of  the  tail  shaft  found  the  same  to  oe  in  good  condition. 

The  shafting  and  couplings  were  scraped  and  painted  before  replac- 
ing the  fair- waters. 

The  propellers,  which  are  of  the  three-bladed  solid  bronze  pattern, 
were  slightlj^  nicked  on  the  edge  of  some  of  the  blades,  one  blade  of 
the  port  propeller  showing  a  slight  crack  in  same,  which  we  do  not 
consider  serious. 

The  rudder,  together  with  the  stern  frame,  found  in  good  condition. 

In  view  of  the  above  facts,  we  are  of  the  opinion  that  this  vessel  is  in 
good  condition  for  practical  service  for  the  balance  of  her  classification 
life  of  the  hull,  macjhinery,  and  appurtenances  generally,  which  go  to 
fit  a  vessel  for  immediate  sea  service. 

Yours,  truly,  Horace  See, 

•     Frank  S.  Martin, 
Conmilting  Engineers  and  Naval  Architects. 


report  of  survey   on   steamship  HAVANA. 

New  York,  Axtgmt  3,  1905. 
Mr.  E.  A.  Drake, 

Assistaiit  to  President ^  24^  State  Street^  New  Ym^k. 

Dear  Sir:  In  accordance  with  your  instructions  of  July  6  we  have 
surveyed  and  inspected  the  steamship  Havana  while  afloat  and  also 
while  in  the  dry  dock  at  Erie  basin  and  beg  to  advise: 

Upon  examining  the  various  holds,  decks,  bulkheads,  coal  bunkei*s 
and  sides  of  the  vessel  in  same,  and  the  ironwork  generally,  found 
the  same  to  be  in  very  good  condition  and  having  the  appearance  of 
being  well  cared  for,  the  onl^'  defect  found  being  a  slight  leak  in  the 
margin  of  the  main  deck  which  requires  caulking. 

The  windlass,  winches,  steering  engine,  and  otner  deck  fittings  were 
found  in  good  order  and  condition. 

The  lifeboats,  with  one  exception,  are  indented  and  should  be  tested 
in  the  water  for  tightness,  otherwise  they  and  the  life  rafts,  together 
with  their  fittings,  are  in  good  order  and  condition. 

The  joiner  work,  deck  nouses,  bridge  rails,  etc.,  in  good  order  and 
condition,  with  the  exception  of  the  engine-room  skylight  cover,  which 
is  racked  and  should  be  renewed. 

The  engines  and  boilers,  together  with  the  pumps  and  the  other 
auxiliary  machinery,  in  good  condition. 

Upon  examining  the  vessel  in  the  dry  dock  found  the  bottom  to  be 
in  good  condition,  with  the  exception  that  the  paint  there  had  been 
scraped  off  in  a  number  of  places;  the  plating,  however,  was  free  from 
defects  except  above  water  line,  which  showed  a  few  indentations. 
Bottom  since  then  has  been  thoroughly  cleaned  and  painted. 

The  fair  waters  over  the  couplings  of  the  outboard  shafting  were 
removed,  and  upon  examining  the  couplings,  and  also  the  nuts  on  the 
end  of  the  tail  snaft,  found  the  same  to  be  in  good  condition  with  the 
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exception  of  starboard  shaft,  which  has  been  removed  and  replaced  by 
a  spare  one. 

The  shafting  and  couplings  were  scraped  and  painted  before  replac- 
ing the  fair  waters. 

The  propellers,  which  are  of  the  three-bladed,  solid  bronze  pattern, 
were  slightly  nicked  on  the  edges  of  some  of  the  blades. 
The  rudder,  together  with  the  stern  frame,  found  in  good  condition. 
In  view  of  the  above  facts,  we  are  of  the  opinion  that  this  vessel  is 
in  good  condition  for  practical  service  for  the  balance  of  her  classifica- 
tion life  of  the  hull,  machinery,  and  appurtenances  generally  which 
go  to  fit  a  vessel  for  immediate  sea  service. 
Yours,  truly, 

Horace  See, 
Frank  S.  Martin, 
Qmsulting  Engineers  and  Naval  Architects, 


Extract  from  minutesof  meeting  of  the  hoard  of  directors  of  the  Panama 
Railroad  Ccnnpany^  held  at  the  office^  No,  ^4-  State  street,  New  York, 
on  Wednesday,  November  5,  1905,  at  11  o^ clock  a,  m. 

Present:  Messrs.  Shonts,  Cromwell,  Endicott,  Hains,  Obaldia,  Farn- 
ham,  and  Drake. 

FINANCIAL  CONDITION. 

Consideration  was  given  to  the  necessity  for  providing  means  for 
the  payment  of  the  equipment  authorized  by  the  board,  as  well  as  for 
other  important  improvements  to  the  company's  property  and  facili- 
ties on  the  Isthmus  which  were  being  undertaken,  so  as  to  provide 
for  the  prompt,  economical,  and  profitable  handling  of  the  large  amount 
of  traffic  to  be  expected  from  the  general  development  of  commerce, 
and  the  construction  of  the  Isthmian  Canal;  and  the  president  outlined 
to  the  board  the  many  improvements  which  had  been  undertaken  and 
which  were  under  contemplation,  among  them  being  the  construction 
of  new  piers  at  the  Atlantic  terminus,  the  extension  of  existing  piers, 
the  installation  of  modern  facilities  for  the  prompt  handling  of  coal 
and  general  cargo  from  steamers,  the  erection  of  refrigerating  plant, 
laundry,  and  bakery,  and  the  construction  of  an  additional  pier  at  La 
Boca. 

The  president  also  explained  that  during  the  period  of  installation 
of  these  modern  facilities  the  expenses  of  concfucting  the  property 
would,  as  usual  in  such  cases,  increase  to  a  much  larger  extent  than 
the  earnings,  and  that  while  the  payment  of  the  balance  of  approxi- 
mately $625,000  due  to  the  company  f)}'  the  Isthmian  Canal  Commission 
would  probably  be  made  in  the  course  of  a  few  months,  it  would 
become  necessary  to  provide  for  the  payment  of  indebtedness  already 
or  about  to  become  due. 

The  president  and  treasurer  made  a  full  report  regarding  the  pres- 
ent financial  condition  of  the  company.  They  advised  the  board  that 
the  Isthmian  Canal  Commission  was  unable  to  pay  its  indebtedness  of 
about  $625,000  either  now  or  in  the  immediate  future,  and  that  this 
company  had  pi'acticall}'^  exhausted  its  cash  resources  in  the  purchase 
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of  equipment^  material,  supplies,  and  for  consti-uction,  etc.,  having  in 
hand  but  $114,184,  which  was  needed  for  current  operations;  that  there 
were  overdue  accounts  for  equipment,  material,  and  supplies  to  the 
amount  of  $208,000,  and  other  accounts  of  a  similar  nature  falling  due 
within  the  next  sixty  days  amounting  to  $445,000,  and  that  there  were 
still  other  obligations  on  account  of  contracts  made  and  maturing 
within  the  next  four  months,  amounting  to  $1,132,000;  that  this  con- 
dition arose  from  the  extraordinary  amount  of  equipment,  supplies, 
material,  and  construction  which  had  been  made  necessary  to  further 
the  operations  of  Isthmian  Canal  Commission  in  construction  of  the 
canal;  and  that  this  company  had  relied  upon  the  Commission  to  jMiy 
its  bills,  or  otherwise  to  aid  the  company,  but  that  as  the  Commission 
was  unable  so  to  do  it  had  become  necessary  for  the  company  to  itself 
finance  its  affairs. 

They  also  advised  the  board  that  the  onl^  available  resources  of  the 
company  were  the  628  4^  per  cent  bonds  in  the  treasury,  and  which 
were  created  for  the  very  purpose  for  which  the  moneys  had  been 
expended,  viz,  for  equipment,  construction,  material,  supplies,  etc. 

It  further  appeared  that  the  said  bonds  could  by  their  terms  be 
called  in  and  redeemed  bv  the  comj)any  on  any  interest  date  at  105,  so 
that  if  the  bonds  were  sold  at  this  time  they  could  be  redeemed  at  105 
on  the  1st  of  next  April  if  the  company  should  so  desire.  After  con- 
sideration it  was  upon  motion  duly 

Resolved^  That  the  executive  oflScers  be,  and  they  are  hereby, 
authorized  to  sell  the  628  Panama  Railroad  4i  per  cent  twenty -year 
sinking-fund  gold  bonds  now  held  in  the  treasury  at  as  favorable  a 
price  as  possible,'  but  not  less  than  104i,  the  proceeds  thereof  to  be 
applied  to  the  purchase  of  equipment  and  the  improvement  of  the 
company's  facilities. 

It  was  further 

Resolved^  That  upon  completion  of  the  sale  of  the  628  Panama  Rail- 
road 4i  per  cent  twenty  year  sinking  fund  gold  bonds,  above  author- 
ized, at  not  less  than  104^,  the  officers  be,  and  they  are  hereby,  directed 
and  authorized  to  take  the  proper  steps  for  the  listing  of  same  on  the 
New  York  Stock  Exchange;  and  the  committee  of  securities  are  hereby 
requested  to  remove  said  bonds  from  the  company's  vaults  and  han3 
same  to  the  treasurer  of  the  company  for  delivery  to  the  parties  to 
whom  the  bonds  are  sold. 

A  true  copy. 

T.  H.  ROSSBOTTOM, 

First  Assistant  Secretary. 


New  York,  Jtdy  15^  1905. 
Theodore  P.  Shonts,  Esq., 

President  Panama  Railroad  Company., 

^i  State  Street^  Ne^o  York  City. 
Sir:  I  have  the  honor  to  submit  to  you  and  the  board  of  directors  of 
the  Panama  Railroad  Company  the  following  full  report  of  the  mis- 
sion I  was  was  directed  to  undertake  b}'^  resolution  of  the  Board  at  its 
meeting  held  on  the  16th  of  May  last,  which  resolution  reads: 

^"^  Resolved^  That  Director  Farnham  be  made  a  general  agent  of  the 
company,  at  an  appropriate  salary  to  be  fixed  by  the  president,  and 
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the  latter  is  hereby  authorized  to  send  Director  Farnham  abroad  for 
the  purpose  of  securing  options  on  two  or  three  vessels  of  the  charac- 
ter required  bv  the  company  and  report  the  result  of  his  investiga- 
tions by  cable.^' 

Prior  to  the  passage  of  the  foregoing  resolution,  and  considering 
the  pressing  requirements  of  the  Panama  Railroad  Company  in  respect 
of  its  steamship  line,  the  general  opinion  of  the  board  was  that  the 
company  needed  two  or  three  steamships,  preferably  twin  screws,  of 
approximately  15  knots  speed,  5,0CH)  tons  cargo  capacity,  with  accom- 
modations for  100  first  and  50  second  class  passengers;  and  it  was  to 
obtain  for  the  company  steamships  of  this  type  that,  acting^  under  the 
resolution  of  the  board,  above  recited,  and  general  instructions  of  the 
executive  committee,  I  sailed  from  New  York  on  the  steamship  Cedric 
on  May  19  for  Liverpool,  where  I  arrived  May  27. 

Shipping  circles  abroad  had  been  advised  tnrough  the  press  of  my 
mission,  and  from  the  moment  of  landing  numbers  of  vessels  of  all 
sorts  were  offered  by  ship  brokers  and  shipowners  representing  the 
principal  ports  of  Great  Britain  and  the  Continent. 

I  wish  to  sav  that  whenever  a  vessel  was  submitted  that  merited 
consideration,  1  endeavored  to  deal  direct  with  the  owners;  and  in  all 
cases,  whether  agent  or  owner,  1  made  it  clearly  understood  that  no 
vessel,  however  desirable  it  apparently  might  be,  would  be  purchased 
by  the  Panama  Railroad  Company  until  it  had  j)a8sed  complete  inspec- 
tion in  dry  dock  by  both  Lloyds  and  the  British  corporation.  Also 
that  all  representations  in  res{>ect  to  speed  and  coal  consumption  must 
be  corroborated  by  the  submission  for  inspection  of  the  ships'  logs, 
covering  a  period  of  six  months'  operation.  These  stipulations  caused 
more  or  less  dissatisfaction  and  the  elimination  from  consideration  of 
many  vessels  offered. 

Upon  my  arrival  in  Liverpool  I  saw  the  steamship  Zungeint^  one  of 
the  vessels  offered  for  sale.  She  was  just  sailing  on  her  regular  voy- 
age to  the  Kongo  and  I  was  able  only  to  look  her  over  in  a  general 
way.  Later,  at  Antwerp,  1  completely  inspected  her  sister  ship,  the 
LermMviUe^  also  for  sale. 
These  ships  I  will  refer  to  hereinafter. 

From  Liverpool  I  proceeded  to  London,  which  is  the  real  center  of 
the  shipping  business  of  Great  Britain  and  much  of  the  Continent*  and 
during  my  stay  abroad  London  was  generally  my  headquarters. 

I  reached  London  Saturday  night,  May  27,  and  the  next  three  days 
my  entire  time,  day  and  evening,  was  occupied  meeting  brokers  and 
owners  with  ships  for  sale,  looking  over  their  memoranda  and  photo- 
graphs of  the  same,  and  sifting  out  the  most  likely  ones. 

May  30  I  went  to  Newcastle-on-Tyne  to  see  several  vessels  at  the 
shipyards  there,  particularly  a  large  new  vessel  just  completed  at  the 
yanis  of  the  Sir  W  illiam  Armstrong- Whitworth  Company.  In  respect 
to  this  vessel  1  can  add  nothing  to  what  1  reported  to  you  in  my 
letter  of  June  2  and  in  subsequent  cables,  copies  of  which  are  hereto 
attached  and  made  part  hereof.  Other  ships  on  the  Tyne  which  were 
to  be  had  I  found  upon  personal  inspection  so  deficient  in  either  speed, 
pajjsenger  accommodations,  or  size  of  hatc'hways,  or  requiring  such 
alterations  in  other  respects  that  I  dismissed  them  from  further  con- 
sideration. 

Returning  to  London,  I  went  to  see  several  steamships  at  the  Albert 
docks  and  the  India  docks,  among  them  two  steamships  of  the  Union- 
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Castle  Line,  formerly  in  the  tirade  to  the  Cape  of  Good  Hope,  but  at 
that  time  laid  up.  Two  of  these  vessels,  the  Dunnotar  Oastle  and  the 
Arundel  Caath^  met — so  far  as  passenger  accommodations,  cargo 
capacit3\  draft,  etc.,  are  concerned — the  requirements,  but  their  logs 
showed  a  speed  of  13  to  134-  knob*  at  best,  and  they  are  also  old  ships. 

Another  vessel  of  the  Union-Castle  Line,  the  Scot^  which  was 
repeatedly  pressed  upon  me,  and  I  was  also  told  efforts  were  being 
made  at  the  same  time  here  to  have  the  company  charter  her,  I  found 
to  be  as  fast  as  represented  (16  knots),  but  she  is  a  very  large  coal 
consumer  (about  140  tons  a  day),  and  her  passenger  capacity  (over 
200  first  class),  is  too  great,  while  her  cargo  capacity  (only  2,600 
tons),  is  too  small.  She  is  all  machinery  and  coal  bunkers,  and  I 
declined  to  further  consider  her. 

The  Arundel  Castle  would  have  done  to  charter  and  I  so  advised  you 
in  my  cable  of  June  11,  in  which  I  gave  particulars  of  such  vessels  as 
I  found  suitable  for  charter. 

Other  steamships  that  1  went  to  see  were  the  Miltiades^  a  new  ship  in 
the  Australian  trade  and  the  finest  vessel  in  all  respects  I  saw  in  Lon- 
don, an  ideal  vessel  for  the  Panama  Companv,  but  too  expensive— 
$1,(>00,000;  and  the  steamship  Moravian^  a  well-built  ship,  but  rather 
small  and  hatches  far  too  small  for  your  purposes. 

At  Gravesend  I  went  over  the  Atlantic  transport  liner  Menominee^ 
one  of  three  vessels — all  alike — offered  for  sale  or  chai-ter  by  that  line, 

I  was  aware  of  the  great  efforts  being  made  to  get  one  or  more  of 
these  ships  into  the  employ  of  the  Panama  Railroad  Company,  but,  as 
I  reported  to  you  in  my  letter  of  June  2,  I  found  the  ship  too  large, 
too  slow,  too  much  refrigerating  space,  which  the  Panama  Company 
could  not  utilize  in  any  way,  and  the  charter  price  too  high  to  war- 
rant the  employment  of  any  of  these  vessels. 

After  looking  over  all  the  vessels  which  came  nearest  the  Panama 
Company's  reciuirements  1  forwarded  to  you  on  the  2d  of  June,  for 
the  consideration  of  yourself  and  the  board  of  dii-ectors,  a  report  and 
memoranda  respecting  these  vessels,  which  is  the  letter  annexed  to 
which  I  have  previouvSiy  referred. 

In  respect  to  the  speed  desired  by  the  Panama  Railroad  Companv — 
15  knots — my  investigations  showed  that  there  were  in  the  market  few, 
if  any,  vessels  with  a  speed  of  over  14  knots,  except  a  few  fast  mail 
and  passenger  ships  of  the  tj'^pe  of  the  Scot^  above  described. 

AU  the  largest  ship  owners  and  builders  told  me  that  a  speed  above 
14  knots  meant  larger  and  more  expensive  boilers  and  engines  and  a 
coal  consumption  much  greater  than  they  considered  the  ordinary 
operation  of  a  steamship  line  on  their  side  warranted.  Therefore  a 
greater  speed  than  14  knots  was  only  to  be  found  in  fast  mail  steamers, 
or  in  steamers  built  for  special  fast  trade.  Because  of  this  1  sub- 
mitted to  you  in  my  report  ships  having  the  best  speed  obtainable,  but 
all  under  15  knots. 

Following  the  mailing  of  this  letter  I  cabled  the  company  as  follows: 

London,  Ju7}e  4,  1905. 
Panrailco,  Ni^w  YorJc. 

Per  Lu-cania  mailed  important  letters  to-day  concerning  steamships. 
Believe  have  found  what  will  be  satisfactory.  Suggest  you  arrange 
with  president  board  of  directors  for  prompt  consideration  upon  i-eceipt 


INVESTIGATION   OF   PANAMA   CANAL   MATTERS.  355 

of  letter.     Desirable  under  the  circumstances  decision  of  the  board 
should  be  sent  me  as  quickW  as  possible  by  cable. 

Farnham. 

On  the  5th  of  June  1  received  from  the  company  at  New  York  the 
following  cable: 

New  York,  June  5^  1905. 
Farnham,  Credionuvs^  London. 

In  every  proposal  obtain  lirst,  lowest  cash  price,  second,  lowest 
charter  rate  with  longest  possible  option  purchase. 

Panrailco. 

I  at  once  made  direct  inquiry  of  owners  or  agents  of  all  vessels  suit- 
able for  the  company  that  could  be  had  under  charter.  Owners,  I 
found,  desired  to  charter  on  British  Government  form,  which  includes 
w\i)\  tne  vessel  the  crew,  maintenance  of  same,  and  insurance,  the  char> 
terer  furnishing  the  coal  and  pajnng  all  port  dues.  After  cleaning  up 
the  possibilities  of  Liverpool,  London,  Glasgow,  Hamburg,  and  Ant- 
werp, in  respect  to  chai^ters,  1  cabled  you  on  June  11  as  follows: 

London,  June  11^  1905. 
Panrailco,  New  York: 

In  feply  to  j^'our  telegram  and  as  a  supplement  to  my  letter  the 
Newcastle  ship  and  Byron-  and  Tennysmi  can  not  be  chartered.  Leo- 
poldriUe  Zangerti,  I  send  a  full  description  by  letter,  can  be  chartered 
at  the  rate  oi  £3,260  each;  other  vessels  too  old  to  buy,  but  do  for 
present  re<)uirements  which  can  be  chartered  are  as  follows:  Dimen- 
sions are  in  shipping  record;  ArunJIe  Casthu  4,000  tons  carjgo;  passen- 
gers, 75  first  class,  50  second;  13  knots  on  52  tons  coal;  price,  £2,750. 
Camhroman^  4,200  tons  cargo;  passengers,  72  first  class,  78  second;  13 
knots  on  70  tons;  £2,836.  Vancouver^  4,000  tons  cargo;  passengers, 
128  first  class,  57  second;  13  knots  on  75  tons;  £2,646.  Atlantic  trans- 
port boats  are  too  large  Panrailco's  profitable  use.  All  charter  prices 
quoted  are  pavable  monthly.  Vessel  will  be  delivered  here  on  British 
Government  form,  whereby  owner  provides  complete  crew,  feeds  same, 
and  insures  ship;  you  provide  coal  and  pay  port  dues.  Think  above 
charter  prices  are  too  high.  Cause  is  generally  believed  to  be  eastern 
war.  Many  steamships  much  passenger  and  little  cargo  space,  charter 
or  sale  cheap.  Ver}^  few  ships  right  proportion  of  combination 
Panrailco  wants. 

Farnham. 

Meantime,  my  letter  of  eJune  2  had  been  received  by  you  and  con- 
sidered, and  I  received  the  following  cable  on  June  12,  delay  in  delivery 
being  due  to  a  general  holiday  in  England: 

New  Yokk,  Jnne  10^  1905. 
Farnham,  Credonais^  London: 

Your  letters  arrived  to-day.  Committee  favorable  to  purchase  New- 
castle steamer  with  conditions  of  alteration  and  delivery  as  reported, 
but  in  order  to  justify  submission  to  President  R.,  must  have  definite 
refusal  one  week  on  the  best  terms  possible,  but  under  no  circum- 
stances exceeding  £100,000.     Secure  and  cable  definite  written  refusal. 

Panrailco. 
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I  at  once  saw  the  managing  director  of  the  Armstrong- Whitworth 
Company,  Mr.  Swan,  but  he  declined  to  give  any  refusal  for  the 
price  offered,  or  a  written  refusal  at  all,  except  at  a  price  acceptable  to 
his  company.  Mr.  Swan  told  me  that  there  were  other  possible  pur- 
chasers m  tne  market,  and  his  company  did  not  care  to  tie  themselves 
up  for  any  length  of  time.  He  indicated  that  the  lowest  price  they 
would  consider  was  £108,000,  but  I  felt  satisfied  that  with  authority 
to  offer  that  as  a  last  resort,  and  a  few  days^  time,  I  could  drive  a  bet- 
ter bargain.     So  I  cabled  you  on  June  14  as  follows: 

London,  June  H^  1906. 
Panrailco,  Weio  York: 

Newcastle  people  absolutely  decline  to  give  us  refusal  at  £100,000. 
Have  indicated  they  will  accept  £108,000,  equal  to  $527,000.  Believe 
if  authorize  me  to  make  bid  up  to  this  amount  think  this  price  can 
probably  be  reduced  a  little,  but  can  not  get  refusal  steamer  at  less. 

Farnham. 

'  You  replied  to  that  from  Washington  on  the  15th  of  June  thus: 

Washington,  June  16^  1905. 
R.  L.  Farnham,  Hotel  Cecily  London: 

Offer  Newcastle  people  £100,000  sterling  flat.  If  they  ^o  not 
accept  get  best  refusal  on  Tennysmi  and  Byron.,  one  ship.  American 
owners  Atlantic  transport  here  pressing  us  on  izzard. 

Shonts. 

To  which  I  thus  replied,  after  a  further  conference  with  Managing 
Director  Swan  and  the  owners  of  the  Byron  and  Tennyson: 

London,  Jun^  15^  1905. 
Panrailco,  Neio  York: 

Newcastle  firm  absolutely  decline  offer,  say  ship  cost  more.  Byro9i 
Tennyson  owners  have  fixea  price,  two  vessels,  £165,000.  Prefer  not 
selling  singly.  I  think  advisable  to  try  offer  £80,000  one  only, 
delivery  beginning  Julv.  Presence  other  purchasers  prevents  getting 
written  refusal  from  all  owners  except  on  firm  offer  from  us.  Per- 
sonally think  Newcastle  ship  better  value  take  everything  into  con- 
sidei-ation,  even  at  £108,000  sterling. 

Farnham. 

On  the  same  daj^  I  received  from  j^ou  at  Washington  the  following 
inquiry: 

Washington,  Jun^  15^  1905. 
Farnham,  Hotel  Cecily  London: 

Have  you  seen  steamers  Port  Royal  and  Port  Antonio^  owned  bv 
Elder  Dempster  &  Co.,  Liverpool?  If  so,  what  is  your  opinion?  ff 
not,  investigate  and  advise. 

Shonts. 

I  saw  bv  this  inquiry  respecting  the  steamships  Port  Royal  and  Port 
Antonio  that  the  fact  that  these  vessels  had  been  offered  to  and  con- 
sidered briefly  by  the  company  before  I  sailed  had  been  overlooked. 
They  had  been  offered  again  to  me  in  Liverpool,  but  when  I  described 
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our  requirements  the  owners  themselves  recognized  that  the  vessels 
were  too  small. 

I  also  had  been  informed  that  misrepret^entations  in  respect  to  speed, 
etc.,  of  certain  vessels  submitted  to  and  rejected  by  me  in  London  were 
being  made  by  interested  brokers  in  New  York  direct  to  the  New  York 
office,  and  thinking  that  such  statements  might  mislead,  and  also  reply- 
ing to  your  inquiry  re  Part  Royal  and  Port  Antonio^  I  sent  the  follow- 
ing  explanatory  cable: 

London,  June  16^  1906. 
Panrailco,  New  York: 

In  order  that  you  are  to  understand  situation,  there  are  not  many 
vessels  that  meet  all  requirements  Panrailco  in  respect  to  age,  ability 
carry  4,5(X)  to  6,000  cargo  exclusive  bunkers,  size  of  holds,  hatches, 
caigo  handling,  a  sufficient  amount  cabin-passenger  accommodations, 
ana  upward  13  knots.  Other  buyers  for  similar  vessels  here,  and 
owners  will  not  tie  themselves  up  with  option,  does  not  include  for- 
feit and  are  not  certain  of  sale.  If  I  am  able  to  make  firm  offer  certain 
sum,  can  then  secure  option  for  a  short  time  if  offer  is  acceptable. 
Consider  Port  Royal  and  AiiUmio  too  small  cargo,  too  slow,  too  many 
alterations  necessary  meet  our  requirements,  and  owners  here  agree 
with  me.  Atlantic  transport  ship  is  too  large,  too  much  draft,  too 
much  waste  unavailable  refrigerator  space  to  make  vessels  economical, 
and  charter  price  high.  Byrtm  due  now  New  York.  Almost  certain 
can  get  option  Byron  alone,  but  if  you  want  to  purchase  Byron  and 
get  deliverv  before  she  sails  another  voyage  it  will  be  necessary  enable 
me  promptly  make  definite  offer  owners  here.  Consider  Byron  good 
all-round  ship  Panrailco  purposes,  good  sjjeed  on  economical  fuel,  but 
considering  her  age,  size,  average  depreciation,  and  price,  with  same 
features  Newcastle  ship,  think  latter,  even  at  their  price,  best  of  two 
for  Panrailco.  Byron  as  handsome  and  well  finished  as  Newcastle  is 
horael}';  poorly  finished  cabins,  but  latter  will  take  place  of  two  Pan- 
railco's  present  ships  and  carr^^  larger  pieces.  Outside  experts  hold 
same  views. 

Farnham. 

The  next  day  I  received  a  cable  from  the  company,  the  purpose  of 
which  I  quite  understood  and  which  was  as  follows: 

New  York,  June  17^  1905, 
Farnham,  Credionais^  Lo^idan: 

Your  instructions  were  to  approximate  6,000  tons  cargo  capacitv 
ship  exclusive  bunkers,  15  to  16  knots,  side  ports,  large  hatches  with 
corresponding  cargo  facilities,  refrigeration  plant,  100  first  class,  60 
second  cla8s  passenger  accommodations,  twin  screw  preferred.  New- 
castle good  faNoat,  but  too  slow.  Don't  waste  time  on  slower  than  16- 
knots  boats. 

and  to  which  I  at  once  replied — 

Panrailco,  Neio  York: 

Requirements,  instructions,  Panrailco  fully  understood,  but  no  15- 
16  knot  vessels  can  be  obtained  in  English,  German,  or  French  market, 
except  a  few  large  mail  boats,  too  little  cargo  and  too  large  passenger 
capacity;  prices  upward  $700,000.     Port  At7igston  only  one  can  meet 
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all  requirements  Panrailco;  can  be  bouffht  probably  t900,0(K>,  asking 
tl,000,000.  Therefore  submitted  all  otnern  nearest  suitable.  Await 
instructions  before  proceeding  further. 

Farnham. 

In  the  meantime  I  had  met  some  of  the  larger  shipbuilders  of  Bel- 
fast and  on  the  Clyde,  who  discussed  the  subject  of  building  such 
vessels  as  the  Panama  Railroad  Company  desired;  and  having  in  mind 
the  suggestion  made  by  several  members  of  the  board  that  while 
abroad  it  might  be  advisable  that  I  ascertain  what  it  would  cost  to 
build  abroad  two  such  vessels  as  the  company  had  invited  proposals 
for  from  American  builders,  I  took  up  that  subject.  I  had  taken  with 
me  the  same  specifications  and  drawings  of  a  vessel  which  the  Panama 
Railroad  Company  had  submitted  to  several  shipbuilding  firms  in  the 
United  States,  upon  which  it  had  asked  and  received  proposals  to 
build  two  ships. 

Hearing  also  that  at  one  of  the  yards  on  the  Clyde  there  was  a  steamer 
about  completed  which  might  suit  the  Panama  Company,  I  went  to 
Glasgow  for  the  double  purpose  of  seeing  that  vessel  and  seeing  some 
builders  in  respect  to  getting  proposals  for  building. 

The  vessel  building,  while  near  what  the  company  desires  in  respect 
to  passenger  and  cargo  and  speed,  has  too  many  decks  to  be  useful  for 
carr^'ing  an^^thing  but  small  packages  of  cargo.  Small  hatches  and 
heights  between  decks  are  insuflScient  to  permit  the  stowing  of  any 
large  freight. 

r  visited  some  of  the  large  shipyards  on  the  Clyde  from  Glasgow  to 
Greenock;  consulted  with  the  builders  and  obtained  from  some  of  the 
best  and  largest  proposals  for  the  construction  of  two  steamships, 
which  I  submit  as  a  separate  matter. 

While  in  Glasgow  I  received  the  following  cable: 

Washington,  D.  C,  June  21^  1905. 
Farnham,  Hotel  Cecily  London: 

Does  Zungeru  approximate  our  requirements  ? 

Shonts. 

To  which  I  replied: 

London,  June  21^  1905. 
Panrailco,  Neio  York: 

Regarding  Zungeru^  refer  to  my  letter  of  June  2;  will  not  be  avail- 
able until  two  months;  consider  these  ships  relatively  dear  in  view  of 
cargo  capacity. 

Farnham. 

1  again  saw  Mr.  Swan,  of  the  Armstrong- Whitworth  Company  at 
Newcastle-on-Tyne,  and  two  other  directors  of  the  company,  Mr.  Ord 
and  Mr.  White,  and  had  a  long  discussion  about  their  stean^ship  which 
they  had  for  sale.  They  explained  that  they  did  not  feel  like  making 
an  offer  of  sale  at  a  lower  price  than  £108,000  without  a  surety  of  its 
being  accepted;  that  if  it  was  rejected  they  would  have  only  lowered 
the  price  against  themselves  to  some  other  purchaser,  but  if  I  was 
prepared  to  make  a  firm  offer  somewhere  between  what  I  had  offered 
and  what  they  had  asked  a  bargain  probably  could  be  concluded. 
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Therefore  I  cabled  you  on  June  22  as  follows: 

London,  Jurie  iS^,  1906. 
Panraiixx),  New  Ym*h: 

After  conference  to-day  Newcastle  people  I  think  they  would 
seriously  consider  oflfer  £l66,0O0,  includinpf  alterations.  If  you  desire 
to  make  further  offer,  instruct  by  telegraph.  If  not,  think  it  is  advis- 
able I  return  quickly,  and  with  such  complete  data  all  vessels  as  will 
enable  you  to  make  prompt  tinal  decision.  Nothing  further  to  be 
gained  remaining  here  longer.     Await  telegraphic  instructions. 

Farxham. 
And  in  the  absence  of  anj^  answer  I  again  cabled,  on  June  25: 

London,  June  25^  1905. 


Panrailoo,  New  York: 

What  do  you  think  of  my  suggestion  to  return  ?  Everything  has 
been  sent  for  vour  consideration  tnat  is  likelv  to  suit  Panrailco  under 
\^i  price  of  Newcastle  ship.     What  do  you  desire  me  to  do? 

Farnham. 

To  which  1  received  the  following  reply: 

New  York,  June  27,  1905. 
Farnham,  Credonais^  London: 

Approve  suggestion  your  telegrams  22, 25  that  you  return  promptly, 
bringing  full  data  for  action  here.     Advise  date  sailing. 

Panrailco. 

Meanwhile  the  owners  of  the  Zunget^a  and  Leopoldmlle  notified  me 
that  the  latter  vessel  had  arrived  at  Antwerp  and  desired  very  much 
that  I  see  her. 

I  went  to  Antwerp  and  spent  several  hours  on  the  vessel,  going  all 
over  her.  As  I  wrote  you  the  Zangeru  and  LeopoldviUe  are  sister 
ships,  and  the  superficial  inspection  which  I  could  only  give  the  Zun- 
fj^i  at  Liverpool  was  completed  when  1  went  over  the  Leopoldnnlle. 
They  are  up  to  date  in  all  respects,  saloons  beautifully  finished,  every- 
thing first  class  throughout,  out  as  I  said  in  my  report  and  cable  they 
have  not  the  room  in  their  hol/is  for  the  sort  of  cargo  that  will  go  to 
the  Isthmus. 

The  approval  of  my  suggestion  to  return  with  all  data  to  enable  the 
board  to  reach  a  definite  decision,  which  reached  me  as  above  recited 
on  June  28,  arrived  too  late  for  me  to  secure  return  passage  before 
the  sailing  of  the  DeiUschland  from  Dover  July  7,  and  so  1  engaged 
for  that  steamer,  and  arrived  in  New  York  on  the  evening  of  July  13. 

I  brought  with  me  memoranda  of  dimensions,  carrymg  capacity, 
hoth  for  passengers  and  cargo,  and  details  regarding  engines,  boilers, 
speed,  etc.,  of  a  number  of  vessels,  and  blueprints  and  photographs 
of  some,  all  of  which  are  tendered  herewith  for  your  consideration. 

Kegp^tfully  submitted. 

R.  L.  Farnham. 
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Hotel  Cecil,  London,  W.  C, 

June  S,  1905. 
Theodore  P.  Shonts,  Esq^., 

Prealdefit  Panama  jRatlroad  Company^ 

H  State  street.  New  York  City. 

Dear  Sir:  I  herewith  report  to  you  for  the  consideration  of  your- 
self and  the  board  of  directors  of  the  Panama  Kailroad  Company  the 
results  to  date  of  the  mission  which  I  was  directed  to  undertake  by 
resolution  of  the  board  at  its  meeting  on  the  16th  of  May  last. 

Pursuant  to  the  general  instructions  of  the  executive  committee  of 
the  company,  following  the  resolution  referred  to,  1  sailed  from  New 
York  on  the  steamship  Oedric  on  May  19,  reaching  Liverpool  May  27 
and  London  on  the  night  of  the  same  day. 

Immediately  upon  my  arrival  at  Liverpool  several  of  the  leading 
ship  brokers  submitted  to  me  plans  and  data  of  a  number  of  steam- 
ships which  they  thought  might  meet  with  the  requirements  of  the 
Panama  Railroad  Company,  which,  they  understood,  desired  to  charter 
or  purchase  two  or  more  steamships  for  use  between  New  York  and 
CoK)n.  After  a  conference  with  the  Liverpool  brokers  in  respect  to 
the  vessels  thev  offered  I  came  on  to  London. 

I  spent  nearly  all  of  the  first  day  I  was  in  London  (Sunday)  in  con- 
ference with  a  number  of  ship  brokers  who  came  to  see  me,  bringing 
plans  and  specifications  of  steamships  which  they  had  to  offer  for 
charter  and  for  sale.  The  following  morning  (Mondav)  I  started  out 
to  inspect  the  most  promising,  for  the  purposes  of  tne  company,  of 
the  many  vessels  offered,  and  from  ttiat  time  until  the  hour  of  writing 
this  I  have  been  constantly  busy  on  this  work. 

Many  ships  were  submitted  whi(?h,  for  one  reason  or  another  (either 
they  were  too  large  or  too  small,  or  too  slow,  or  their  coal  consump- 
tion too  great,  or  they  were  freight  boats  simply),  I  dismissed  from 
consideration.  The  vessels  which  1  submit  and  describe  hereinafter 
appear  to  be  the  ones  most  suited  to  the  requirements  of  the  company. 
You  will  recall  that  among  the  vessels  submitted  to  the  boai-d  of  director's 
was  a  new  twin-screw  steamship  just  being  finished  at  Newcastle-on- 
Tyne,  which  vessel,  from  the  few  details  given  to  the  board  of  direct- 
ors, appeared  to  be  about  the  vessel  desired,  and  it  is  this  vessel  which 
I  will  hrst  report  on. 

I  went  to  Newcastle  and  spent  an  entire  day  on  this  steamship.  She 
has  been  thoroughly  gone  over  by  the  representatives  of  Lloyds  and 
has  l>een  classed  in  Llovds'  list  100  Al.  I  had  go  over  the  ship  with 
me  an  oflScial  of  the  British  corporation,  the  rival  organization  to 
Lloyds,  and  at  the  end  of  the  day  he  said  of  the  ship  the  same  that  is 
true  of  Lloyds'  inspector,  viz:  I'hat  in  every  respect  the  vessel  fully 
met  every  requirement  of  both  organizations  and  of  the  board  of  trade 
in  respect  to  strength  of  construction,  etc.,  and  in  many  features,  par- 
ticularly in  the  framing  and  construction  of  the  hull,  sfie  considerably 
exceeded  Lloyds'  requirements. 

In  order  that  you  and  the  members  of  the  board  may  better  under- 
stand my  description,  1  inclose  herewith  a  blueprint  of  this  vessel,  and 
also  senj  back  tne  blueprint  (which  I  brought  with  me)  of  the  vessel 
which  the  company  planned  to  build,  in  order  that  vou  may  be  able 
to  compare  the  two.  The  blueprint  of  the  British  sKip  is  loaned  by 
the  owners,  but  I  have  promised  that  it  will  be  returned  to  them  s^ 
soon  as  you  have  considered  it.    This  ship  was  ordered  from  the  Arm- 
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stroi^  Company  by  a  London  ooncern,  which  has  been  running  a  line 
of  passenger  and  cargo  boats  in  the  African  trade  for  the  last  forty 
years.  During  her  construction  this  company  entered  into  a  traffic 
agreement  with  a  competing  company  which  obligated  them  to  put 
no  more  passenger  boats  on  their  line,  and  as  a  result  they  left  this 
ship  on  toe  builder's  hands,  taking  in  her  place  a  large  cargo  steamer. 

The  ship  is  435  feet  over  all;  51  feet  6  inches  beam  and  will  draw, 
fully  loaded,  25  feet.  She  is  a  great  big,  exceptionally  strongly  con- 
structed vessel,  with  large  holds  and  extra,  large  hatches,  and  can  easily 
take  through  tiiese  hatches  and  into  No.  2  and  No.  8  holes  the  cars  and 
locomotives  which  have  got  to  go  to  the  Isthmus.  She  can  carry,  exclu- 
sive of  her  coal,  5,400  tons,  allowing  1,100  tons  of  coal  in  her  bunkers. 
She  has  a  first-class  refrigerating  plant,  with  a  capacity  of  50  tons  in 
her  refrigerator;  also  the  necessary  apparatus  for  making  ice,  suf- 
ficient to  supply  the  requirements  of  the  ship.  Her  twin  screws  are 
manganese  bronze  and  the  diameter  of  her  shafts  is  2  inches  more 
than  the  specifications  require.  In  respect  to  her  engines  and  boilers, 
electric-light  dynamos,  and  auxiliary  engine-room  machinery  (such  as 
pumps,  condensers,  fans,  etc.),  the  official  of  the  British  corporation 
who  was  with  me  said  that  he  considered  all  of  her  machinery  excep- 
tionally good,  and  all  from  the  best  makers,  and,  if  anything,  heavier 
than  is  ordinarily  put  in  a  ship  of  the  same  size. 

In  respect  to  coaling  this  ship  I  wish  to  note  that  she  has  two  coal 
ports  on  each  side,  so  that  coal  may  be  discharged  by  chute  through 
the  side  and  directly  into  "the  bunkers,  a  feature  not  generally  found 
in  British  ships. 

The  ship  was  designed  to  be  turned  into  an  army  transport  on  short 
notice,  ana  provision  has  been  made  on  her  upper  deck  for  the  care  of 
1,000  troops,  and  she  is  well  supplied  with  the  necessary  bath  rooms, 
lavatories,  etc.  Her  steering  gear  is  of  the  strongest  kind.  It  is 
steam  gear  and  so  arranged  aft  that  the  hand  gear,  which  is  inclosed 
in  a  steel  house,  can  be  connected  in  a  minute's  time. 

In  respect  to  handling  cargo,  the  vessel  has  four  large  cargo  booms 
at  each  mast,  and  exceptionally  good  and  large  stenm  winches  (four  at 
each  mast)  for  the  hoisting  work.  In  fact  in  every  respect  as  to  the 
hull,  size  of  frames,  plating,  beams,  machinery,  stearing  gear,  cargo 
gear,  chains  and  anchors,  the  great  strength  of  the  vessel  is  apparent. 
iShe  is  not  a  handsome  boat  from  the  American  point  of  view,  but  there 
is  no  question  but  that  she  will  carry  a  big  cargo  and  stand  the  test  of 
the  worst  weather  she  will  ever  encounter. 

As  to  her  speed  and  coal  consumption,  the  builders  will  guarantee 
her  to  do  15  knots  loaded  with  4,400  tons  and  maintain  that  speed  on  a 
a  six-hour  trial  trip,  using  what  is  called  here,  North  Country  coal.  In 
regular  work,  day  after  day,  fully  loaded,  and  without  driving  they 
5*av  she  will  do  13J  knots,  burning  about  75  tons  a  day  of  Welsh  coal, 
wfiich  coal,  they  say,  is  about  the  same  as  the  coal  we  are  using  in  our 
s»teamers.  Basing  their  opinion  upon  the  performances  of  three  other 
vessels  built  by  them  of  a  similar  type,  with  the  same  kind  of  machin- 
eiy,  and  using  the  same  kind  of  coal,  the  builders  tell  me  they  would 
almost  guarantee  that  after  the  ship  has  got  her  bearings  she  will  do 
14  knots  regular. 

In  respect  to  the  passenger  accomodations,  the  ship  is  not  as  good 
as  she  is  in  all  other  features.  Like  all  English  vessels  her  passenger 
accommodations  are  amidships.     As  you  will  see  by  reference  to  the 
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blueprint,  she  is  well  supplied  with  bathrooms,  lavatories,  etc.  These 
are  all  ri^ht.  Her  main  saloon  is  finished  in  oak,  with  the  upper  parts 
of  the  sides  and  the  ceiling  enamel  white  touched  out  with  gold.  It  is 
a  very  large,  well-lit  compartment.  The  drawing-room  and  smoking 
room  on  the  deck  above  are  well  fitted,  comfortable  quarters;  the 
former  is  finished  with  a  piano,  library,  etc.  The  features  which  I  do 
not  like  are  the  staterooms,  the  captam's  quart€|rs,  and  the  absence  of 
a  wheelhouse  abaft  the  bridge. 

You  will  see  by  reference  to  the  blueprint  that  the  staterooms  are 
rather  small.  Each  room  contains  two  berths  of  white  enamel  iron, 
brass  finishings,  the  upper  ones  made  so  as  to  turn  up  and  fasten 
against  the  side  of  the  snip.  Each  stateroom  also  con  tarns  a  folding 
wash  basin  similar  to  those  on  the  White  Star  ships,  and  also  a  sofa. 
The  entire  finish  of  the  staterooms  is  white  enamel,  but  the  construction 
is  cheap  and  not  at  all  up  to  the  style  and  finish  of  the  Ward  Line 
boats.  When  1  spoke  of  these  things  to  the  builders  they  paid  little 
attention  at  first,  but  subsequently  asked  me  what  changes  would  make 
the  vessel  more  desirable,  and  when  I  told  them  they  said  that  if 
that  only  stood  in  the  way  of  a  sale  they  would  make  such  changes  as 
I  suggested. 

These  changes,  briefly,  comprise  the  construction  abaft  the  bridge 
of  a  suitable  wheelhouse  to  shelter  the  helmsman  and  also  an}'  officers 
whose  dutv  calls  them  to  the  bridge;  putting  a  lavatory  and  bath  in 
the  captain^s  quarters;  the  changing  of  the  three  groups  of  staterooms 
on  both  sides  of  the  ship  just  abaft  the  main  saloon  so  as  to  make  2 
staterooms  only  where  there  are  now  3.  This  change  would  give 
12  large  staterooms  in  place  of  the  present  18  small  ones.  With  these 
changes  I  believe  that  the  ship  would  well  answer  the  requirements  of 
our  company. 

The  company  asks  for  the  vessel,  completely  equipped  for  sea  in 
every  respect  (I  have  read  over  the  specifications  of  equipment  and 
they  are  most  complete  in  all  details),  and  subject  to  a  trial  trip, 
£110,000.  The  ship  has  got  to  be  docked,  whenever  sold,  to  give  her 
a  final  coat  of  paint  and  to  have  her  top  sides  painted  as  well.  The 
builders  would  make  the  alterations  in  the  passenger  accommodations 
which  I  have  recited.  At  the  price  they  ask  she  would  appear  to  be 
a  big  bargain,  compared  with  the  cost  of  a  similar  ship  from  American 
yards,  especially  in  view  of  the  fact  that  she  can  be  had  within  two 
weeks,  if  the  company  should  decide  to  purchase  her.  I  believe,  how- 
ever, that  if  the  builders  were  oflFered  £100,000,  flat  cash,  thev  would 
accept  it  rather  than  hold  the  boat  for  another  purchaser,  although 
to-day  an  agent  of  the  Russian  Government  made  an  inquiry  for  the 
ship. 

1  omitted  to  mention  that  the  ship  is  supplied  with  large  steel  life- 
boats, a  full  complement  of  sails  and  storm  sails,  awnings,  hawsers, 
and  mooring  gear;  that  her  ^ecks  and  rails  are  all  teak,  and  that  her 

Eropeller  shafts  are  covered  into  the  hull  of  the  ship  instead  of  being 
ela  by  struts  and  a  collar.     Of  course,  you  appreciate  the  former 
method  is  much  stronger  as  well  as  more  expensive. 

The  vessels  which  appear  next  to  meet  the  requirements  of  the  com- 
pany are  the  steamships  Byron  and  Tennysfm^  sister  ships.  A  descrip- 
tion of  one  covers  the  other. 

These  vessels  were  built  in  1900  and  will  carry  4,000  tons  of  cargo, 
exclusive  of  bunkerage.     They  are  371  feet  long,  45  feet  beam,  and 
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<iraw  23i  feet  of  water.  They  are  single-screw  boats  and  their  logs 
ahow  an  average  sea  speed  of  13i  knots  on  a  coal  consumption  of  al>out 
48  tons  a  day.  They  have  good  passenger  accommodations  for  70 
first  class  and  24  second  class,  but  the  latter  could  well  be  used  for 
first-class  passengers.  Both  vessels  are  classed  ''100  Al"  at  Lloyds. 
The  hatches  of  these  vessels  are  somewhat  smaller  than  those  of  the 
Newcastle  ship,  the  largest  one  being  23.5  by  13.4  and  the  others 
averaging  18i  by  11.4.  The  holds  are  not  so  deep,  and  I  doubt  if  we 
could  put  into  them  the  largest  pieces  of  freight  which  have  to  go  to 
the  Isthmus. 

Neither  vessel  has  any  refrigerating  apparatus.  Both  of  them,  how- 
ever, from  the  specifications  shown  me  liere,  are  strongly  constructed 
ships,  boilers  and  engines  first-class,  with  exceptionally  good  passen- 
ger accommodations — better  than  our  own  ships  in  this  respect,  and 
much  better  finished  than  are  the  passenger  accommodations  of  the 
Newcastle  ship.  Their  cargo-handling  facilities  are  ample,  and  in  all 
respects  both  vessels  would  be  better  adapted  to  the  requirement  of 
the  company — more  economical  to  operate,  would  carry  a  larger 
amount  of  freight  than  any  of  the  ships  which  we  now  operate,  either 
those  belonging  to  the  company  or  under  charter.  The  only  objection 
of  importance  is  the  inabilit}^  to  put  steel  cars  and  locomotives  aboard 
them.  It  might  be  possible,  however,  to  put  a  few  cars  into  the  No.  2 
hold,  which  is  the  largest  in  the  ship.     These  vessels  at  present  are 

S lying  between  !New  York  and  the  Rio.     One  sails  from  New  York  on 
une  6  and  the  other  one  will  be  in  New  York  about  June  25. 

If  the  company  desired  to  purchase  one  or  both,  they  could  be  deliv- 
ered at  New  York  in  from  ten  to  twelve  days  after  their  arrival  at  that 
Sort,  which  would,  mean  delivery  of  one  of  them  about  the  5th  of 
uly  and  the  other  one  about  the  25th  of  July. 

The  price  asked  for  both  steamers  was  £160,000,  but  yesterday  the 
owners  indicated  to  me  that  they  would  accept  cash  for  the  two  snips, 
delivered  in  their  present  condition  (physically  they  are  all  right, 
needing  onlv  a  cleaning  and  painting  outside),"^  £150,000.  I  inclose 
you  herewitk  photos  and  memoranda  of  these  vessels.  You  will  see 
by  these  that  these  ships,  as  in  the  ease  of  the  Newcastle  ship,  have 
their  passenger  accommodations  amidships;  also  that  the\'  are  some- 
what handsomer  looking  than  the  other  one,  although  the  other  ship 
is,  of  course,  a  much  greater  carrier  and  a  faster  vessel. 

Two  more  vessels  out  of  the  many  submitted  are  worth  considera- 
tion. These  are  the  steamships  Leopoldvllle  and  Zungera,  These 
vessels  are  both  alike;  one  year  old,  and  will  carry  about  3,800  tons, 
exclusive  of  bunkers.  The  Zungeru  I  saw  at  Liverpool,  where  she 
was  just  sailing  for  South  Africa.  The  Leopoldvllle  is  due  at  South- 
ampton on  the  25th  instant,  and,  after  discharging,  would  be  available 
if  desired.  The  owners  were  to  furnish  me  with  a  olueprint  plan  of  the 
ship,  but  up  to  the  hour  of  mailing  this  letter  it  has  not  reached  me. 
I  may  say,  however,  that  in  general  appearance  these  vessels  resemble 
the  larger  vessel  at  Newcastle,  hut,  or  course,  considerably  smaller. 
As  you  will  see  bv  the  memoranda  which  I  inclose  in  respect  to  these 
ships,  their  speed  is  given  at  13^  knots  on  a  coal  consumption  of  55 
tons  a  day.  They  have  accommodations  for  83  passengers  first  class 
and  64  second. 

So  far  as  construction  goes  and  equipment  of  machinery,  both  for 
propelling  the  ship  and  for  handling  cargo,  these  vessels  meet  every 
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requirement.  Their  hatches,  as  j^ou  will  observe,  are  not  over  large, 
judged  by  our  ships,  but  their  No.  2  hold  is  a  pretty  large  compart- 
ment and  1  think  would  carry  some  pretty  big  pieces  of  machinery. 
These  vessels  have  twin  screws  with  bronze  blades,  and  all  of  their 
auxiliary  machinerj^  is  of  the  most  up-to-date  character.  They  are 
supplied  with  refrigerating  plant,  but  the  capacity  of  eAch  ship  in  this 
respect  is  limited  to  about  20  tons;  simply  enough  to  take  care  of  the 
requirements  of  the  ship  itself  on  board.  While  the  price  asked  for 
these  vessels  is  £90,000  each,  and  every  time  that  I  have  suggested  a 
lower  price  I  have  received  emphatic  refusal  to  consider  the  same; 
nevertheless,  I  believe  that  £85,000  cash  offer  would  get  the  vessel. 

I  have  named  the  vessels  herein  submitted  to  you  in  the  order  which 
they  appear  to  relativel}^  meet  the  reauirements  of  the  company. 

Out  of  all  that  have  been  offered  these  five  seem  best  suited^  to  the 
New  York-Colon  business.  Three  boats  have  also  been  submitted  for 
charter  bj^  the  Atlantic  Transport  Company,  and  I  send  you  herewith 
inclosed  a  memorandum  in  respect  to  their  size,  passenger  accommo- 
dations, etc.,  together  with  the  price  asked.  In  respect  to  the  latter, 
the  term  "  Government  form"  as  used  here  means  with  full  crew  aboard, 
so  that  for  the  price  quoted  you  would  get  ship  and  crew,  but  ev^en  so 
it  seems  a  great  deal  of  money  to  pay  for  these  ships.  While  the  mem- 
oranda which  I  send  does  not  so  state,  each  vessel  is  supplied  with 
refrigerating  capacity  for  about  1,500  tons.  One  of  these  vessels — the 
Menominee — is  here  at  London,  where  I  have  seen  her.  She  appears 
almost  too  large  for  the  service,  but  of  course  has  large  carrying 
capacity,  with  a  speed  about  the  same  as  the  steamers  we  are  now 
operating. 

I  have  not  been  able  to  obtain  any  satisfactory  quotations  for  char- 
tering the  steamers  Byron.  Tennyson^  Leopoldville^  and  Zungeru  from 
their  respective  owners.  Representatives  of  the  Russian  Government 
are  here  talking  with  owners  and  brokers  in  respect  to  chartering  ves- 
sels of  the  type  of  the  ones  above  mentioned  and  the  result  is  that 
vessel  owners  at  the  present  time  have  very  high  ideas  in  respect  to 
charter  prices.  The  Union-Castle  Line  have  two  boats  which  would 
suit  the  company  quite  well  if  they  could  be  chartered  at  a  reasonable 
price,  but  this  company  refuses  absolutely  to  charter  its  vessels  and 
the  vessels  which  it  would  be  desirable  to  charter  are  too  old  to  buy. 

I  would  say,  in  conclus^ion,  that  1  have  thoroughly  investigated 
every  vessel  which  it  appeared  might  possibly  meet  the  requirements 
of  the  company,  and  in  so  doing  have  covered  every  principal  ship 
building  and  shipping  port  of  Great  Britain.  Several  German  vessels 
and  one  French  vessel  have  been  submitted,  but  they  are  all  too  large 
and  too  expensive  for  3^our  requirements. 

The  vessels  which  1  herein  submit  for  your  consideration  I  have 
full}'  looked  into,  both  through  Lloyds  and  the  British  corporation, 
and  feel  satisfied  that  each  and  all  will  prove  as  represented. 

I  shall  await  further  instructions  from  the  company  after  considera 
tion  has  been  given  to  this  report. 

Very  truly,  R.  L.  Farnham. 
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London,  June  4,  1905, 
Panrailco,  New  Ym^Tc: 

Per  Lucania  mailed  important  letters  to-day  concerning  steamdhips. 
Believe  have  found  what  will  be  satisfactory.  Suggest  you  arrange 
with  president  board  of  directors  for  prompt  consideration  upon 
receipt  of  letter.  Desirable  under  the  circumstances  decision  of  the 
boara  should  be  sent  me  as  quickly  as  possible  by  cable. 

Farnham. 


London,  Jnne  11^  1906. 
Panrailco,  New  York: 

In  reply  to  your  telegram  and  as  a  supplement. to  mv  letter,  the 
Newcastle  ship  and  Byron  and  Tennyson  can  not  be  chartered.  Leopold- 
vUU  and  Zangeru — I  send  a  full  description  by  letter — can  be  chartered 
at  the  rate  of  £3,250  each.  Other  vessels — too  old  to  buv,  but  do  for 
present  requirements —which  can  be  chartered  are  as  follows  (dimen- 
sions are  in  Shipping  Record):  Arundle  Castle^  4,000  tons  cargo;  pas- 
sengers, 75  first  class,  50  second;  18  knots  on  52  tons  coal;  price, 
£2,i50.  Camhronmn^  4,200  tons  cargo;  passengers,  72  first  class,  78 
second;  13  knots  on  70  tons;  £2,836.  Viwcoutyer^  4,000  tons  cargo; 
passengers,  128  first  class,  57  second;  13  knots  on  75  tons;  £2,646. 

Atlantic  transport  boats  are  too  large  Panrailco's  profitable  use. 
All  charter  prices  quoted  are  payable  monthly.  Vessel  will  be  deliv- 
ered here  on  Britisn  Government  form,  whereby  owner  provides  com- 
plete crew,  feeds  same,  and  insures  ship;  you  provide  coal  and  pay 
port  dues.  Think  above  charter  prices  are  too  high.  Cause  is  gener- 
ally believed  to  be  t^stern  war.  Many  steamships — much  passenger 
and  little  cargo  space — charter  or  sale  cheap.  \  ery  few  ships  right 
proportion  of  combination  Panrailco  wants. 

Farnham. 


L6NDON,  Junt  11^^  1905. 
Panrailco,  New  Yark: 

Newcastle  people  absolutelv  decline  to  give  us  refusal  at  £100,000. 
Have  indicated  they  will  accept  £108.000,  equal  to  $527,000.  Believe 
if  authorize  me  to  make  bid  up  to  this  amount  think  this  price  can 
probably  be  reduced  a  little,  but  can  not  get  refusal  steamer  at  less. 

Farnham. 


London,  June  15.  1905. 
Panrailco,  iVV?/?  York: 

Newcastle  firm  absoluteh'  decline  offer.  Sav  ship  cost  more.  Byron 
Tennyson  owners  have  fixed  price  two  vessels  £155,000.  Prefer  not 
selling  singly.  1  think  advisable  to  try  offer  £80, 0(H)  one  only,  delivery 
beginning  July.  Presence  other  purchasers  prevents  getting  written 
refusal  trom  all  owners  except  on  firm  offer  from  us.  Personally 
think  Newcastle  ship  better  value  take  everything  into  consideratien, 
even  at  £108,000  sterling. 

Farnham. 
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London,  June  16^  1905. 
Panrailco,  New  York: 

In  order  that  you  are  to  understand  situation,  there  are  not  man^" 
vessels  that  meet  all  requirements  Pani-ailco  in  respect  to  age,  ability 
carry  4,500  to  5,000  cargo  exclusive  bunkers,  size  of  holds,  batches, 
cargo  handling,  a  suflScient  amount  cabin  passenger  accommodations^ 
and  upward  13  knots.  Other  bu3'ers  for  similar  vessels  here,  and 
owners  will  not  tie  themselves  up  with  option,  does  not  include  forfeit 
and  are  not  certain  of  sail.  If  I  am  .able  to  make  firm  offer  certaia 
sum,  can  then  secure  option  for  a  short  time  if  offer  is  acceptable. 
Consider  Port  Royal  ana  Antonio  too  small  cargo,  too  slow,  too  many 
alterations  necessary  meet  our  requirements,  and  owners  here  agree 
with  me. 

Atlantic  Transport  ship  is  too  large,  too  much  draft,  too  much 
waste  unavailable  refrigerator  space  to  make  vessels  economical,  and 
charter  price  high.  Byrtm  due  now  New  York.  Almost  certaia 
can  get  option  Byron,  alone,  but  if  you  want  to  purchase  Byron  and 
■get  delivery  before  she  sails  another  voyage  it  will  be  necessary  enable 
me  promptly  make  definite  offer  owners  here.  Consider  Byron  good 
all-round  ship  Panrailco  purposes,  good  speed  on  economical  fuel,  but, 
considering  her  age,  size,  average  depreciation  and  price  with  same 
features  Newcastle  ship,  think  latter  even  at  their  price  best  of  two 
for  Panrailco.  Byron  as  handsome  and  well  finishea  as  Newcastle  is 
homely,  poorl}'  finished  cabins,  but  latter  will  take  place  of  two  Pan- 
railco's  present  ships  and  carry  larger  pieces.  Outside  experts  hold 
same  views. 

Fabnham. 


London,  June  17^  1905. 
Panrailco,  Neic  York: 

Requirements,  instructions,  Panrailco  fully  understood,  but  no  15-16 
knot  vessels  can  be  obtained  in  English,  German,  or  French  market, 
except  a  few  large  mail  boats,  too  little  cargo  and  too  large  passenger 
capacity;  prices  upward  ^700,000.  Port  Kingston  only  one  can  meet 
all  requirements;  Panrailco  can  be  bought  probably  $900,000;  asking 
tl  ,000,000.  Therefore  submitted  all  others  nearest  suitable.  Await 
instructions  before  proceeding  further. 

Farnham. 


London,  J\tne  21^  1905. 
Panrailco,  Nero  York: 

Regarding  Zungeru^  refer  to  my  letter  of  June  2.  Will  not  be  avail- 
able until  two  months.  Consider  these  ships  relatively  dear  in  view 
of  cargo  capacity. 

Farnham. 


STATEMENT  OF  WILLIAM  BARCLAY  PARSONS 

BEFOKE  THE  COMMITTEE  ON  INTEROCEANIC  CANALS, 
UNITED  STATES  SENATE. 
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London,  June  22^  1905. 
Panraiixx),  New  York: 

After  conference  to-day  Newcastle  people  I  think  they  would  seri- 
ously consider  offer  £105,000,  including  alterations.  If  you  desire  to 
make  further  offer,  instruct  by  telegrapn.  If  not,  think  it  is  advisable 
I  return  quickly  and  with  such  complete  data  all  vessels  as  will  enable 
you  to  make  prompt  final  decision.  Nothing  further  to  be  gained 
remaining  here  longer.     Await  telegraphic  instructions. 

^     Farnham. 


London,  June  )?5, 1906. 
Panrailco,  JVeiff  York: 

What  do  you  think  of  my  suggestion  to  return?  Everything  has 
been  sent  for  your  consideration  that  is  likely  to  suit  Panrailco  under 
lajit  price  of  Newcastle  ship.     What  do  you  desire  me  to  do? 

Farnham. 

New  York,  Jum  5, 1906. 
Farnham,  London: 

In  every  proposal  obtain,  first,  lowest  cash  price;  second,  lowest 
charter  rate,  with  longest  possible  option  purchase. 

Panrailco. 


June  15,  1905. 
Farnham,  Hotel  Cecily  London^  W.  C: 

Have  you  seen  steamers  Port  Royal  and  Port  Antonio^  owned  bv 
Elder,  Dempster  &  Co.,  Liverpool.  If  so,  what's  your  opinion.  If 
not,  investigate  and  advise. 

Shonts. 


June  21,  1905. 
Farnham,  Hotel  Cecily  London: 
Does  Zimgern  approximate  our  requirements. 

Shonts. 


June  27,  1905. 
Farnham,  Credonais^  Landon: 

Approve  suggestion  your  telegrams  22-25  that  you  return  promptly, 
bringing  full  data  for  action  here.    Advise  date  sailing. 

Panrailco. 

STATEMEITT  OF  WILLIAM  BARCLAT  PARSONS. 

Senator  Kittredoe.  Mr.  Parsons,  will  j^ou  state  your  name  and 
age? 

Mr.  Parsons.  William  Barclay  Parsons.  My  age  is  47;  at  least,  I 
will  be  47  next  month. 

Senator  Kittredoe.  Where  do  you  live? 

Mr.  Parsons.  I  live  in  the  city  of  New  York. 

Senator  Kittredoe.  What  is  your  profession  ? 
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Mr.  Parsons.  Civil  engineer. 

Senator  Kittredge.  How  long  have  you  followed  that  occupation  f 

Mr.  Parsons.  Twenty-five  years. 

Senator  Kittredge.  Will  you  state  very  briefly  your  professional 
record  and  experience. 

Mr.  Parsons.  1  graduated  from  the  School  of  Mines  of  Columbia 
University,  having  previousl}'  graduated  from  Columbia  College. 
Then,  after  an  experience  in  coal  mining  and  railroad  construction,  I 
entered  the  service  of  the  Erie  Railroad,  where  I  was  for  several 
years.  Then  IVent  to  New  York  and  began  the  prat^tice  of  my  pro- 
fession as  a  consulting  engineer,  and  engaged  in  work  in  different 
parts  of  the  United  States. 

w  In  1891  I  was  made  deputy  chief  engineer  of  the  rapid  transit 
coisjmission,  and  in  1894  chief  engineer  of  the  present  commission, 
whicB^pflice  I  held  until  the  end  of  last  year,  on  tne  completion  of  the 
subway.^  v. 

The  presen^vsubway  in  New  York  was  planned  and  constructed  under 
mv  direction.       '^'^ 

Incidentally  to  tha^t^l  was  chief  engineer  of  what  is  known  as  the 
American  Railway  in  Cibina,  and  made  •  surveys  for  that;  I  was  also 
advisory  engineer  to  the  roV^al  commission  on  London  traflBc,  a  mem- 
ber of  the  Isthmian  Canal  Co^pmission,  and  a  member  of  the  Board  of 
Consulting  Engineei's. 

Senator  Kittredge.  You  wert!?  appointed  a  member  of  the  Canal 
Commission  about  two  years  ago?   . 

Mr.  Parsons.  About  two  yeai*s  ag'o. 

Senator  Kittredge.  And  you  cont  inued  in  that  capacity  until  last 
April'if 

Mr.  Parsons.  Until  last  April— the  list  of  April. 

Senator  Kittredge.  On  wnat  committee  or  that  Commission  did 
you  serve? 

Mr.  Parsons.  I  was  a  member  of  the  K^ommittee  on  engineering 
and  chairman  of  the  executive  committee. 

Senator  Kittredge.  As  a  member  of  the  c6mmittee  on  engineering, 
what  attention  did  you  give  to  the  engineer ingr  questions  presented  by 
the  construction  of  the  canal  at  Panama? 

Mr.  Parsons.  I  gave  very  close  attention  to  the  engineering  prob- 
lems for  the  year  that  I  served  on  the  Commis^sion,  and  wrote,  with 
Professor  Burr  and  General  Davis,  the  report  of  the  engineering  com- 
mittee. \ 

Senator  KiTTREm^E.  Do  you  refer  to  the  report^  of  February  a  year 
ago?  \ 

Mr.  Bates.  The  report  of  February  a  year  ago. 

Senator  Kittredge.  You  were  a  member  of  th(^  Board  of  Consult- 
ing Engineers  appointed  b^i^the  President?  } 

Mr.  Parsons.  1  was.      ^  j 

Senator  Kittredge.  And  served  in  that  capacity? 

Mr.  Parsons.  I  did.  \ 

Senator  Kittredge.  And  signed  the  majority  rejport? 

Mr.  Parsons.  I  did.  / 

Senator  Kittredge.  In  favor  of  a  sea-level  canAl  ? 

Mr.  Parsons.  I  did.  I 

Senator  Kittredge.  Have  j-ou  read  the  report  of  the  minority 
members  of  the  Board  of  Consulting  Engineers?  , 
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Mr.  Parsons.  I  have. 

Senator  Kjttredge.  Have  you  read  the  statement  of  Mr.  Stevens, 
the  chief  engineer  of  the  present  commission  'i 

Mr.  Parsons.  I  have. 

Senator  Kittredge.  What  engineering  questions  are  you  now  gen- 
erally interested  in — what  great  works  ^ 

Mr.  Parsons.  J  am  consulting  engineer  for  the  various  transporta- 
tion companies  constructing  lines  u\  New  York — the  Interborough 
Company,  the  Hudsons  companies,  the  New  York  and  Long  Island 
Railroad  Company,  building  a  tunnel  beneath  the  East  River;  t  am 
drawing  the  plans  for  the  Cape  Cod  Ship  Canal,  and  some  other  works. 
Tbo>e  are  the  principal  works. 

Senator  Kittredcje.  Have  you  had  experience  in  the  work  of  con- 
stracting  dams^ 

Mr.  Parsons.  I  have.  I  designed  the  Sparrows  Falls  dam  across 
the  Hudson  River,  just  above  Glens  Falls,  aamming  the  valley  of  the 
HudsK)n  with  a  length  of  2,500  feet  and  a  height  of  100  feet  afiove  the 
^K)ltoni  of  the  river,  and  excavated  to  a  depth  of  60  feet  below  the  bot- 
tom of  the  river,  making  a  total  height  of  dam  of  about  150  feet,  all 
of  masonrA'. 

Senator  Kittredge.  When  was  that  work  performed? 

Mr.  Parsons.  That  work  was  finished  about  two  years  ago. 

Senator  Kittredge.  Now,  Mr.  Chairman,  I  thintc  that  the  proper 
foundation  for  the  witness  to  testify-  has  been  laid. 

The  Chairman.  Yes,  and  I  think  it  would  perhaps  be  better  for  Mr. 
Parsons  to  give  us  now  his  views  of  the  minority  report  in  this  c-ase. 
I  will  ask  you  to  go  on,  Mr.  Parsons,  and  give  us  your  views  gener- 
ally of  the  report  of  the  minority.  We  of  course  tnow  your  views  in 
regard  to  the  majority  report,  and  if  you  would  be  kind  enough  to 
?ive  us,  in  a  general  wav,  your  views  of  the  minority  report  we  wijl 
be  glad  to  hear*them.  You  are  familiar  with  it,  of  course.  If  vou 
have  not  a  copy  we  will  furnish  you  one,  and  you  can  have  it  before 
you. 

^^riator  Kittredge.  Before  you  begin,  Mr.  Parsons,  I  would  like 
to  call  your  attention  in  that  connection  to  a  statement  made  by  Mr. 
Bates  on  Saturday,  as  I  recollect,  to  the  effect  that  while  the  report  of 
the  minority  gives  the  usable  dimensions  of  the  locks  at  Gatun  as  900 
feet  bv  95  feet,  in  fact  they  are  less  than  800  feet — 790  feet,  as  1  recol- 
lect the  exact  distance.  I  would  like  to  call  your  attention  to  that 
•statement  and  ask  you,  during  your  statement,  to  comment  upon  that, 
if  vou  will. 

Senator  Morgan.  The  statement  is  printed.  You  had  better  get 
the  exact  terms  of  it. 

The  Chairman.  Mr.  Parsons  has  it  before  him,  I  think. 

Mr.  Parsons.  The  testimony  of  Mr.  Bates  to  which  you,  have 
refeiTed,  Senator,  is  the  last  testimony  that  I  have  received  from  the 
eomiuittee,  and  I  noticed  the  statement.     You  will  iind  it  on  page  1639. 

Senator  Kittredge.  Will  vou  not  please  read  the  statement?  I 
may  have  inaccurately  quotecf  it. 

Mr.  Parsons.  Mr.  Bates,  reading  from  his  written  statement,  stated 
as  follows: 

'•The  minority's  dangerously  conjoined  three  (ratun  locks  are  stated 
to  have  usable  lengths  of  900  feet.     These  lock  lengths  are  790,  790, 
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and  820  feet  on  the  official  plans  they  have  themselves  put  out,  and 
which  are  indorsed  by  the  Commission  and  the  Secretary  of  War." 

Mr.  Bates  then  proceeded,  apparently  from  the  testimony',  to  show 
to  the  committee  a  model  or  plan  that  he  had  prepared,  sliowin^  the 
largest  Cunarder  (a  vessel  which  is  now  actually  in  construction) 
placed  in  one  of  tnese  locks,  showing  that  it  would  be  practically 
impossible  to  take  that  ship  in  the  lock. 

1  will  answer  that  question.  Senator,  in  the  course  of  mv  remarks. 

The  Chairman.  The  pamphlet  handed  you  just  now  is  Mr.  Baten^s 
testimony  of  yesterday.     You  have  it  all  now. 

Mr.  Parsons.  Thank  you  very  much,  Senator.  This,  of  course,  I 
have  not  seen. 

The  Chairman.  Yes;  the  other  you  have.  That  was  the  testimony 
of  Saturday. 

Mr.  Parsons.  Saturday's  testimony  I  had  seen.  Yesterday's  testi- 
mony, of  course,  I  had  not  seen. 

The  minority  plan,  as  the  committee  is  aware,  Senator,  describes  a 
canal  with  a  summit  level  at  85  feet  above  mean  sea  level,  reached  by 
a  flight  of  three  locks  on  the  Atlantic  side,  the  three  locks  being  placecl 
in  flight  at  Gatun;  and  reached  from  the  Pacific  side  by  two  sets  of 
locks,  two  locks  in  flight  on  the  Pacific  shore  near  Sosa  and  one  at 
Pedro  Miguel. 

The  plan  that  the  minority  has  submitted  is,  in  my  judgment,  a  feas- 
ible scheme.  It  can  be  constructed;  it  can  be  constructed  probablv 
within  the  limit  of  cost  and  time  that  the  minority  has  set  forth.  If  it 
was  to  be  regarded  as  simply  a  commercial  enterprise  by  a  private 
corporation  that  would  have  to  go  into  the  open  market  and  risk  its 
capital  and  pay  for  that  capital  5  or  6  or  possiblv  4  i)er  cent,  when 
commissions  and  discounts  are  taken  into  consideration,  and  then 
expec^t  to  make  a  profit  over  and  above  that  5  or  6  per  cent,  I  should 
say  that  the  plan  as  prepared  by  the  minority  would  be  a  perfcHrtly 
satisfactory  plan.  It  prol>ably  represents  the  least  cost  at  which  a 
canal  can  be  constructed  across  the  Isthmus  of  Panama.  But  that  is 
not  the  case  that  was  presented  to  you.  This  is  not  a  canal  to  be  built 
by  a  private  corporation;  it  is  a  canal  to  be  built  b\^  the  United  States 
Government. 

The  United  States  Government.,  in  the  first  place,  instead  of  having 
to  pay  5  or  6  or  more  per  cent  for  its  money,  can  borrow  it  at,  say, 
2  per  cent.     The  fixed  charges  are,  therefore!  reduced  to  one-third. ' 

Second,  the  United  States  Government  seeks  for  no  profit. 

Third,  the  United  States  (jovernment  is  looking  not  only  to  the 
safety  of  the  vessels,  but  to  the  safety  of  the  c^nal  itself.  It  mui^t  be 
a  (»nal  in  which  not  only  the  accidents  to  the  vessels  are  reduced  to 
the  minimum,  but  in  which  the  accidents  to  the  canal  itself  are  reduced 
to  the  minimum,  so  that  this  canal  can  be  used  not  only  in  the  ordinary 
course  of  commerce,  but  used  in  the  extraordinary' circumstance  of 
war;  and,  in  my  judgment,  the  plan  as  proposed  by  the  minority  does 
not  meet  those  requirements. 

The  locks  themselves  are  a  source  of  danger  in  operation.  They 
are  a  source  of  delay  in  operation.  They  present  vulnerable  ix>iDt8 
for  attack  in  case  of  war,  and  they  make  a  canal  that  is  practically 
inelastic.  In  other  words,  that  can  not  be  increased  in  usable  dimen- 
sions except  at  a  very  great  cost. 

That,  in  a  few  words,  is  mj-  criticism  of  the  minority  report. 
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The  Chairman.  Would  not  the  same  thing  apply  to  both  types  of 
canal  if  \'ou  wanted  to  change  it?  Either  one  of  them  could  be  changed 
only  at  great  cost,  could  it  not? 

Mr.  Parsons.  No;  because  the  sea-level  canal  is  a  canal  that  would 
not  have  to  be  changed.  It  is  the  ultimate  development.  You  have 
gotten  down  then  to  the  lowest  possible  point;  you  can  not  go  any 
farther. 

The  Chairman.  You  think  the  plan  as  submitted  by  the  majonity 
would  require  no  change? 

Mr.  Parsons.  The  plan  submitted  by  the  majority  would  require  no 
change.  If  at  any  time  the  demands  of  commerce  or  the  growth  of 
ship  became  so  great  that  a  larger  canal  (which  would  be  merely  a 
wiaer  canal)  would  be  required,  the  canal  of  course  could  be  widened 
graduall^'^  and  without  interference  with  traffic,  exactly  as  they  are  now 
doing  with  the  Suez  Canal.  Of  course  vou  must  remember,  however, 
that  the  Suez  Canal,  even  after  being  widened  and  deepened,  will  not 
have  the  dimensions,  either  as  to  width  or  depth,  that  have  been  pro- 
posed by  the  majority  for  the  canal  at  Panama. 

Senator  Dryden.  IDo  you  consider  that  the  flights  of  locks  as  pro- 
vided bv  the  minority  are  dangerous  or  impracticable? 

Mr.  Larsons.  1  consider  them  exceedingly  dangerous,  Senator. 

Senator  Drtdex.  You  think  that  the  machinery  is  liable  to  get  out 
of  order  so  that  there  will  be  difficulty  in  operating  the  locks? 

Mr.  Parsons.  It  is  not  merely  the  question  of  machinery;  it  is  the 
question  of  human  fallibility.  Take  the  Manchester  Canal,  for 
instance.  There  have  been  tnree  cases  in  the  history  of  that  canal 
where  vessels  have  actually  gone  through  a  lock. 

Senator  Dryden.  Gone  through?  You  mean  where  they  have 
broken  it  down  ? 

Mr.  Parsons.  They  have  broken  it  right  down — charged  and  gone 
through;  and  the  day  will  come  at  Gatun~it  may  not  come  the  first 
year,  it  may  not  come  for  ten  years,  it  may  not  come  for  twenty  years, 
but  that  it  will  come  I  do  not  think  there  is  the  slightest  doubt — when 
>ome  steamer  will  go  plunging  down  that  ladder. 

Senator  Dryden.  And  tne  etfect  of  that  would  be  to  put  the  locks 
out  of  business  for  a  long  time^ 

Mr.  Parsons.  The  eflfect  of  that  would  be  to  put  the  canal  out  of 
business  for  a  period  of  anywhere  from  one  to  five  years.  In  other 
words,  you  would  have  to  rebuild  the  locks;  you  would  have  to  refill 
the  lake:  vou  would  have  to  reconstruct  the  channel  below  the  locks, 
to  say  nothing  of  the  damage  that  would  result  from  such  an  accident. 

Senator  Dryden.  I  understood  you  to  say  that  such  an  accident 
would  delay  the  use  of  the  canal  for  from  three  to  five  years,  possibly  ? 

Mr.  Parsons.  Probably.     You  would  have  to  reconstruct  the  canal. 

To  show  you  how  those  accidents  occur  in  spite  of  care,  one  of  the 
accidents  that  happened  in  the  Manchester  Canal 

Senator  Moroan.  That  is  one  of  the  two  you  mentioned? 

Mr.  Parsons.  That  is  one  of  the  three  I  mentioned,  Senator — one  of 
those  accidents  was  where  a  vessel  was  approaching  a  lock  with  a  strong 
^dh  astern.  The  pilot  on  the  bridge  rang,  as  usual,  to  stop.  He  sup- 
posed he  had  allowed  enough  for  the  gale.  He  found  that  the  gale 
was  pashing  him  into  the  lock  a  little  faster  than  he  had  allowed  for, 
5^0  he  rang  to  the  engine  room  to  back.     He  found  that  the  engine 
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room  was  not  backing  hard  enough,  so  he  rang  a  third  time,  "Astern 
full  speed." 

Now,  the  man  in  the  engine  room,  not  knowing  what  was  taking 
place  on  top,  looked  for  the  natural  sequence  of  orders — first  to  stop, 
then  to  back,  which  frequently  happens.  Then,  having  backed,  and 
believing  that  his  ship  was  going  astern,  he  looked  the  next  time  for 
an  order  to  go  ahead.  His  bell  rang,  and,  as  he  expected,  the  indi- 
cator was  "  Half  speed  ahead."  So  he  gave  his  vessel  half  speed  ahead. 
The  pilot  on  the  bridge,  realizing  that  the  vessel  was  going  ahead 
instead  of  going  astern,  rang  again  "Full  speed  astern."  The  vessel 
did  not  stop  its  speed,  and  went  plunging  through  the  gates.  The 
wire  leading  from  the  bridge  to  the  engine  room  had  parted  at  the 
critical  moment  of  the  third  signal,  and  instead  of  indicating  in  the 
engine  room  "Full  speed  astern,"  it  indicated  .'^Half  speed  ahead,' 
and  the  ship  went  plunging  through  the  gates. 

In  that  particular  case,  as  in  the  other  two  cases 

Senator  Morgan.  What  was  the  result? 

Mr.  Parsons.  I  was  just  going  to  give  that.  Senator.  In  that  case, 
as  in  the  other  two  cases,  the  attendants  on  the  shore,  seeing  that  the 
vessel  was  going  to  strike  the  lower  gates  and  was  bound  to  go  through, 
stood  ready  andstarted  to  close  the  gates  just  as  the  stern  of  the  vessel 
passed  the  upper  gates.  The  rush  of  water  as  the  vessel  carried  away 
the  lower  gates  brought  the  two  upper  gates  together  with  a  bang, 
sufficient  to  wreck  the  gates,  but  not  sufficient  to  tear  them  away:  so 
that  the  gates,  fortunate!}^  for  the  lower  regions  of  the  canal,  held  back 
the  water  in  the  upper  level.  The  lock  itself  was  out  of  service  for 
something  like  a  month,  while  new  gates  were  being  put  in  place. 

In  that  case  the  gates  had  a  lift  of  some  13  feet  only,  and  a  width 
of  lock  of  about  70  feet.  In  the  case  in  question,  with  gates  lifting 
30  odd  feet  and  with  a  width  of  95  feet,  with  the  corresponding 
increase  in  weight  of  gate  and  enormously  increased  pressure  of  water, 
it  is  practically  certain  that  no  gate  could  be  built  that  could  be  oper- 
ated under  ordinary  conditions  that  would  stand  the  bang  of  tho>ie 
gates  cominff  together. 

Senator  Morgan.  Mr.  Parsons,  did  I  understand  you  to  say  that  a 
gale  was  blowing  at  the  time? 

Mr.  Parsons.  A  gale  was  blowing  at  the  time. 

Senator  Morgan.  Let  me  ask  you,  right  there — the  dam  at  Gatun 
would  be  about  how  far  from  the  shore? 

Mr.  Parsons.  Five  or  6  miles. 

Senator  Morgan.  How  far  from  the  shore  of  Panama  Bay  would 
the  lock  gate  be  ? 

Mr.  Parsons.  Right  at  the  shore,  on  either  plan — either  the  sea- 
level  plan  or  the  other  plan. 

Senator  Morgan.  In  the  case  of  a  gale  blowing  home  on  either  of 
those  waters,  would  there  not  be  very  serious  danger  of  breaking 
down  the  locks  in  one  case,  the  case  of  the  Bay  of  Limon,  and  break- 
ing down  the  lock  gate  in  the  other  case  i 

Mr.  Parsons.  I  think  there  is  always  a  danger  of  breaking  down  a 
lock  gate. 

Senator  Morgan.  Now,  if  you  add  to  a  gale  some  uplift  of  the  sea, 
such  as  has  frequently  occurred  on  the  Pacific  coast  there  by  what  we 
call  a  tidal  wave,  caused  by  an  eailhquake  or  volcanic  action,  or  what- 
ever the  action  may  be  that  causes  it,  we  do  not  quite  know,  would 
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not  that  endanger  the  lock  gate  on  the  Panama  side  and  also  the  canal 
itself?  If  a  tide  should  beT)lown  in  by  a  gale,  and  also  uplifted  by 
some  volcanic  or  seismic  disturbance  at  the  same  time,  would  there 
not  necessarily  be  a  very  hazardous  and  very  destructive  operation  upon 
the  canal  and  the  lock  gates  'i 

Mr.  Parsons.  The  lock  gates,  of  course,  would  be  built  sufficiently 
high  to  cover  any  known  or  probable  contingency  that  would  arise  at 
Panama,  so  that  they  would  be  alwve  the  level  of  water  in  any  possible 
cjwe.  But  suppose  that  you  got  an  extraordinary  tide  from  some  vol- 
canic action  m  the  Pacific  Ocean,  and  a  tidal  wave  came  along  that 
coa:st.  The  result  would  simply  be  that  the  gates  would  be  topped, 
would  \yG  drowned  out,  and  the  back  country  Hooded;  and  when  the 
tide  went  down  your  conditions  would  become  normal  again,  except  so 
far  as  the  City  of  Panama  was  concerned.  It,  of  course,  would  be 
washed  out. 

Senator  Morgan.  Those  contingencies  are  among  the  possibilities  of 
the  situation. 

Mr.  Parsons.  Those  contingencies,  of  course,  are  among  the  possi- 
bilities of  anv  situation. 

Senator  Morgan.  Except  on  the  top  of  a  mountain  ?  You  would 
not  expect  the  sea  to  invade  the  top  of  a  mountain  ? 

Mr.  Parsons.  No;  but  I  mean  on  the  ocean  shore. 

Senator  Morgan.  On  the  ocean  shore  i 

Mr.  Parsons.  You  are  liable,  of  course,  to  get  a  tidal  wave  such  as 
they  had  at  Lisbon  a  great  many  3'ears  ago,  or  on  the  Chilean  coast  a 
great  many  years  ago;  there  was  a  tidal  wave  there. 

Senator  Morgan.  I  understand  from  the  hydrographic  surveys  that 
the  '*  northwesters,"  as  they  are  called  down  there,  blow  home  in  the 
Bay  of  Limon  frequently,  annually? 

ilr.  Parsons.  They  do. 

Senator  Morgan.  And  sometimes  very  heavy  seas  roll  in  there, 
caused  by  atmospheric  disturbances  two  and  three  himdred  miles  away 
from  the  coast? 

Mr.  Parsons.  Thev  do. 

Senator  Morgan.  Those  have  to  be  taken  into  consideration  in  locat- 
ing locks  in  the  canal  within  reach  of  their  influence,  do  the}'  not? 

Mr.  Parsons.  They  do. 

Senator  Morgan.  Just  as  on  the  other  side  the  seismic  disturbances 
and  the  gales  that  may  blow  into  the  Bav  of  Panama  have  to  be  con- 
>idered?     Both  sides  have  to  be  protected? 

Mr.  Parsons.  Both  sides  have  to  be  taken  care  of. 

Senator  Morgan.  They  are  matters  that  we  have  to  consider  in 
establishing  a  canal  if  we  expect  it  to  be  a  permanent  establishment? 
.  Mr.  Parsons.  I  think  that  the  Limon  Bay  situation  has  been  taken 
<»are  of  by  the  jetties  that  have  been  proposed. 

Senator  Morgan.  You  think  that  is  sufficient? 

Mr.  Parsons.  I  believe  that  is  sufficient.  I  have  seen,  myself.  Sen- 
ator, one  of  those  gales  rolling  in  there. 

The  report  of  the  Isthmian  Canal  Commission,  or  the  Walker  Com- 
mission, as  it  was  called  (that  is,  the  Commission  previous  to  the  pres- 
ent Commission),  that  was  sent  down  there  to  examine  and  report,  and 
that  reported  in  favor  of  an  86-foot  level,  made  no  provision  for  any 
protection  in  Limon  Bay.  I  believe  that  the  first  real  calling  atten- 
tion to  the  needs  of  protection  at  Limon  Bay  was  made  by  the  report 
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of  the  engineering  committee  of  the  present  Commission  before  it  was 
reor^nized — the  report  of  February,  1905,  in  which  Professor  Burr 
and  General  Davis  and  mN'^self  advised  the  protection  of  the  approach 
to  the  canal  in  Limon  Bay. 

As  laid  out  by  the  French,  and  as  approved  by  the  Walker  Com- 
mission, the  entrance  to  the  canal  came  in  from  the  open,  as  you  can 
see  on  that  map,  and  then  turned  around  the  point  of  Colon,  and  then 
entered  the  canal  itself  back  of  that  point.  While  Professor  Burr  and 
I  were  with  General  Davis  on  the  Isthmus  in  Januaiy  and  February  a 
year  ago,  one  of  the  periodic  "northers"  came  along,  and  we  started 
at  once  for  Colon  to  see  its  effects.  It  was  the  most  severe  gale  they  had 
had.  I  think,  in  some  three  years.  It  was  so  severe  that  everjr  steamer 
in  tne  port  of  Colon  went  to  sea  for  safety.  It  was  impossible  for  a 
vessel  to  lie  in  the  harbor  of  Colon,  and  the  steamers  went  to  sea  and 
did  not  come  back  for  some  four  or  five  da3's.  They  went  up  the 
coast  and  into  the  harbor  of  Porto  Bello  and  took  refuge  there,  and 
waited  for  the  storm  to  blow  out. 

The  seas  were  rolling  so  high  in  Limon  Bay  at  that  time  that  it  would 
have  been  practically  impossible  for  any  vessel  to  have  entered  the 
canal,  or  still  more  so  for  anv  vessel  to  have  doubled  Olon  Point  and 
made  the  right-angle  turn  there  and  gone  into  the  canal.  In  coming 
broadside  on  to  the  wind,  as  she  would  have  done,  her  stern  would 
undoubtedly  have  swung  off,  so  that  she  would  have  gone  ashore  on  one 
side  of  the  canal  channel  or  the  other,  for  that  would  have  to  be  a 
dredged  channel  at  that  point. 

We  determined  then  that  it  would  be  unsafe  to  follow  the  French 
plans  or  the  plans  of  the  Walker  Commission  and  leave  Limon  Bay 
unprotected,  and  we  therefore  recommended  that  a  system  of  break- 
waters be  established.  That  recommendation  was  developed  by  the 
Board  of  Consulting  Engineers,  and  both  the  majority  and  the  minority 
agreed  substantially  on  the  same  lines  of  protection? 

Senator  Morgan.  And  that  they  are  sufficient? 

Mr.  Parsons.  And  that  they  are  sufficient. 

Senator  Morgax.  Now,  I  want  to  make  a  little  comparison.  Have 
you  ever  been  at  Port  Said? 

Mr.  Parsons.  Never. 

Senator  Morgan.  Or  Suez?' 

Mr.  Parsons.  No;  I  regret  that  I  have  not. 

Senator  Morgan.  You  have  studied  the  question  of  the  protection 
that  is  given  there,  however? 

Mr.  Parsons.  I  have,  sir. 

Senator  Morgan.  At  Port  Said  has  the  protection  been  sufficient  at 
all  times? 

Mr.  Parsons.  I  understand  that  it  has  been. 

Senator  Morgan.  And  yet  they  have  heavy  storms  in  the  Mediter- 
ranean ? 

Mr.  Parsons.  They  have  very  heavy  storms  in  the  Mediterranean. 

Senator  Morgan.  Very  heavy.  Thev  also  have  heavy  storms  in  the 
Red  Sea? 

Mr.  Parsons.  They  have. 

Senator  Morgan.  But  the  protection  given  at  Suez  and  also  at  Port 
Said  has  been  found  to  be  sufficient? 

Mr.  Parsons.  It  has. 

Senator  Morgan.  At  all  times? 
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Mr.  Parsons.  And  the  protection  that  is  proposed  b^  the  Board  of 
Consulting  Engineers,  practically  unanimously^  for  Limon  Bay  was 
developed  with  the  aid  of  Mr.  Quellenec,  the  consulting  engineer  of 
the  Suez  company,  in  the  light  of  their  experience  at  that  point. 

Senator  Morgan.  Have  the,  majority  of  the  (Consulting  Board 
arranged  any  breakwater  or  any  system  of  pi*otection  against  these 
incommg  storms  and  seas  on  the  Panama  side? 

Mr.  Parsons.  Nature  has  done  that.  The  chain  of  islands  that  you 
can  see  on  this  map  protects  the  mouth  of  the  canal.  There  has  been 
00  storm  known  there  since  the  Isthmus  has  been  used  as  a  means  of 
transit  that  has  made  it  impossible  for  vessels  to  lie  there. 

Senator  Morgan.  And  tnat  chain  of  islands  protects  it  suflBciently  ? 

Mr.  Parsons.  It  protects  it  sufficiently. 

Senator  Morgan.  Both  the  anchorage  outside  of  or  in  the  midst  of 
those  islands,  and  the  entrance  to  the  canal? 

Mr.  Parsons.  And  the  entrance  to  the  canal.  Those  islands  prac- 
tically form  a  breakwater  in  case  of  a  storm  in  the  Pacific,  and  storms 
are  very  rare  on  the  Panama  side.  In  fact,  in  that  latitude  the  big 
storms  come  from  the  north,  so  that  the  Isthmus  itself  breaks  the 
storms  on  the  Panama  side.  At  the  time  of  this  storm  that  I  am  refer- 
ring to  the  Pacific  Ocean  was  quite  calm.  There  was  no  storm  on  the 
Pacific  side,  and  we  did  not  really  appreciate  the  storm  until  after 
we  got  over  the  top  pi  the  divide. 

Senator  Morgan.  So  that  you  consider  the  situation  on  the  Panama 
side  as  being  practically  sufficient  to  guard  the  vessels  at  anchor  and 
also  the  inlet  to  the  canal  ? 

Mr.  Parsons.  I  do. 

Senator  Morgan.  That  is  all  I  want  to  ask  you  upon  that  point. 

Mr.  Parsons.  Now,  if  I  may  answer  Senator  Kittredge's  question 
in  regard  to  the  locks  at  Gatun,  I  think  I  can  explain  Mr.  Bates's 
criticism. 

This  sheet  that  I  lay  before  you  in  Plate  XI  of  the  report  of  the 
Board  of  Consulting  Engineers,  in  which  you  will  see  the  Gatun  dam 
and  the  three  locks  m  flight. 

Senator  Morgan.  Before  you  leave  that  matter,  there  is  just  one 
thing  that  I  want  to  ask  you  that  escaped  me  in  this  examination.  Do 
you  think  it  is  practically  safe  to  enter  the  Bay  of  Colon,  we  will  call 
it,  in  times  of  storm  at  sea,  and  turn  that  curve  that  you  describe  as  a 
right  angle,  and  come  into  the  interior  bay  at  Colon  i 

Mr.  Parsons.  In  there  [indicating]? 

Senator  Morgan.  Yes. 

Mr.  Parsons.  I  think  it  would  be.  I  think  it  would  be,  because 
any  sea  that  comes  rolling  past  the  mouth  of  the  breakwaters,  coming 
in,  as  you  will  see  by  the  map,  into  a  bell  mouth,  would  be  sufficiently 
dissipated  by  the  time  it  got  to  Cristobal  Colon  Point  to  pei-mit  a  vessel 
to  double  that  point  if  it  wanted  to. 

Senator  Morgan.  That  breakwater  there  extends  to  the  40-foot 
contour? 

Mr.  Parsons.  That  goes  out  to  40  feet  of  water. 

Senator  Morgan.  Yes;  out  to  40  feet  of  water.     Is  it  40  feet? 

Mr.  Parsons.  It  is  42  feet,  as  a  matter  of  fact,  I  think.  I  think  it 
goes  out  to  the  7-fathom  line. 

Senator  Morgan.  Does  the  breakwater,  as  projected  by  the  majority 
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of  the  Board  of  Consulting  Engineers,  afford  protection  also  to  the 
Bay  of  Colon? 

Mr.  Parsons.  Yes;  because  here  is  the  roadstead  where  the  vessels 
anchor.  Here,  as  you  see  by  the  map,  are  the  piers  of  Colon*  and  it 
would  be  along  on  the  shore  and  in  behind  Cristobal  Colon  Point  tiiat 
the  business  would  be  done. 

Senator  Morgan.  So  that  in  the  event  of  opening  the  canal  into 
the  bay  of  Limon,  4  or  5  miles  farther  down  the  coast  than  Colon,  we 
would*^  by  that  breakwater  also  protect  to  a  considerable  degree  the 
Bav  of  Colon,  so  that  it  could  be  kept  open  for  the  benefit  of  Panama 
and  for  mercantile  resort? 

Mr.  Parsons.  It  could  be;  in  fact,  you  would  make  it  a  port. 

Senator  Morgan.  Yes. 

Mr.  Parsons.  You  would  make  it  a  port.  It  is  not  a  real  port 
to-dav,  be<'ause,  under  certain  conditions  of  weather,  such  as  I  have 
just  described  (which  I  myself  have  seen),  a  vessel  can  not  lie  there. 
There  were  five  steamers  in 'port  at  the  time;  and,  as  I  said,  all  five 
had  to  go  to  sea.  They  couki  not  stay  in  there.  They  had  to  go  to 
sea  for  safetv. 

Senator  Morgan.  That  answers  all  the  guestions  I  wanted  to  ask. 

Senator  Dryden.  Did  not  Mr.  Bates  criticise  the  situation  there  with 
regard  to  the  depth  of  the  water  and  also  the  projecting  rocks  under- 
neath the  water?  • 

Mr.  Parsons.  Mr.  Bates  preferred  his  own  method  of  making  a  har- 
bor, which  was  to  wholly  abandon  (>)lon  and  build  a  new  city  back  on 
the  shore  here,  the  south  shore  of  Limon  Bay,  and  put  in  a  break- 
water, and  then  construct  a  new  harbor  inland  by  large  excavation. 

Senator  Dryden.  He  did  not  approve  the  arragement  of  the  break- 
waters as  proposed  by  both  the  majority  and  the  minority  engineers? 

Mr.  Parsons.  He  did  not. 

Senator  Dryden.  You  still,  of  course,  adhere  to  your  views  on  that 
point? 

Mr.  Parsons.  The  board  was  quite  unanimous  on  that  point. 

To  answer  Senator  Kittredge's  question,  as  I  said  a  moment  ago,  I 
lay  on  the  table  Plate  XI  of  the  report  of  the  consulting  engineers, 
showing  the  Gratun  dam  and  the  series  of  three  locks;  these  locks 
being  included  between  the  three  shaded  lines  here,  which  represent 
the  outer  walls  and  the  inner  wall  separating  the  twin  locks. 

When  the  advocates  of  the  lock  canal  brought  forward  a  scheme  of 
locks  in  flight,  it  was  opposed  by  the  majority  members  of  the  board 
on  the  score  of  safety.  It  was  said  that  a  vessel  might  come  through 
there,  and  if  she  happened  to  carry  away  the  upper  gat«s — did  not 
stop  at  the  upper  gates — she  would  undoubtedly  go  right  down  through 
the  succeedmg  locks  and  carry  the  whole  thing  away,  drain  off  tne 
lake,  and  destroy  the  canal  from  Gatun  into  the  sea. 

Senator  Kittredge.  That  would  entirely  destroy  the  canal  as  far  as 
use  was  concerned? 

Mr.  Parsons.  As  far.as  use  was  concerned  the  whole  canal,  of 
course,  would  be  out  of  service  until  the  new  gates  could  be  restored 
here  and  Gatun  Lake  refilled.  The  filling  of  that  lake  would  take 
something  over  a  yevLV. 

The  advocates  of  the  lock  canal  met  that  point  by  stating  that  they 
could  put  in  some  special  kind  of  a  gate  that  could  be  closed  in  case 
of  an  emergency,  as  was  actually  done  at  Manchester.     The  objection 
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to  that  was,  of  course,  that  any  emergency  machinery  is  liable  to  get 
out  of  order;  any  machinery  which  is  called  into  use  onoe  in  ten  or 
fifteen  or  twenty  years,  or  longer,  is  almost  certain  not  to  be  ready 
when  it  is  called  tor. 

Senator  Kfttredge.  What  about  this  emergency  machinery  ?  Was 
any  particular  type  suggested? 

Mr.  Parsons,  x^o.  They  said  that  some  sort  of  a  gate  could  be 
deyised  that  could  be  quickly  floated  into  place  and  that  would  be 
sufficiently  strong  to  stand  the  great  shock  of  closing  with  a  bang. 

Senator  Kittredoe.  Were  any  suggestions  made  as  to  the  possibil- 
ity of  constructing  machinery  of  that  sort? 

Mr.  Parsons.  As  you  will  see  here  in  a  moment,  they  did  not  propose 
it  in  detail.  Nothing  of  that  sort  has  eyer  been  done — to  close  a  gate 
with  any  such  bead  as  that. 

The  minority  came  to  the  conclusion  that  the  best  thing  to  do  would 
be  to  install  double  gates  at  each  one  of  these  locks^  and  haye  two 
gates  always  open  in  front  of  a  ship  and  close  behind  it,  so  that  the 
emergency  machinery  would  be  put  into  service  eyery  time  a  yessel 
went  through,  which,  of  course,  is  a  much  safer  procedure.  It  would 
involye^  possibly,  a  slight  delay  in  opening  and  closing  tiie  gates,  as 
two  sets  of  gates  would  haye  to  be  opened,  but  that,  I  think,  would  be 
a  negligible  quantit3% 

Their  argument  was  that  if  a  yessel  came  down  under  way  and  struck 
the  upper  gates  she  would  carry  away  the  first  gates,  but  that  she 
would  still  haye  in  front  of  her  a  second  pair  of  gates,  which,  under  any 
ordinarily  conceiyable  condition  of  aflFairs,  unless  the  yessel  was  going 
at  a  great  speed,  would  probably  be  sufficient  to  arrest  her.  They 
therefore  proposed  to  put  in  duplicate  gates  in  each  of  these  locks,  and 
not  to  put  in  the  .special  gate  that  I  haye  just  referred  to,  which  has 
never  been  designed.  80  that  they  have  introduced,  as  you  can  see 
here,  in  this  triple  flight,  and  also  at  their  other  locks,  a  second  set  of 
gates. 

If  you  will  scale  oflf  the  distance  from  this  map,  you  will  find  that 
they  have  got  the  900  feet  in  the  clear  between  the  outer  gates,  but 
onl^  790  feet  in  the  clear  between  the  inner  gates. 

benator  KrrrREDGE.  You  mean  by  ''the  outer  gates"  the  lower 
gate  at  the  lower  lock  and  the  upper  gate  at  the  upper  lock  ? 

Mr.  Paibsons.  They  double  the  gates  all  the  way  through,  at  each 
lock. 

Senator  Kittredge.  And  haye  the}'  accounted  for  that  doubling! 

Mr.  Parsons.  They  have  accounted  for  it  simply  in  that  way — by 
subtracting  it  from  the  effective  length  of  the  lock.  In  other  words, 
if  the  double  gates  are  to  be  used,  tmn  the  lock  has  an  effectiye  length 
of  something  less  than  800  feet.  If  the  double  gates  are  not  to  be 
used,  then  they  get  an  effective  length  of  lock  of  900  feet,  as  they  have 
planned. 

Senator  Kittredge.  What  is  the  length  of  the  lai^est  ship  now 
being  constructed? 

Mr.  Pabsons.  Seven  hundred  and  ^eighty-eight  feet,  I  think — one 
of  the  Cunarders. 

Senator  Kittkedge.  Could  that  ship  go  through  this  lockij 

Mr.  Parsons.  It  could  not,  unless  they  left  the  safety  gates  off. 
Then,  of  course,  the  criticism  comes  right  back  to  where  the  majority 
members  of  the  board  opposed  the  lock  scheme— that  there  is  no 
safety  device  against  a  yessel  plunging  through. 
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Senator  Kittredge.  Did  they  agree  with  you  that  the  safetj^  gate 
should  be  put  in  the  construction  ? 

Mr.  Parsons.  Apparently;  they  put  it  in.  You  see.  Senator,  the 
minority  report  was  written  after  the  majority  report  was  written,  so 
that  the  majority  members  had  no  chance  to  in  any  way  reply  to  the 
minority  report.  The  majority  of  the  board  prepared  its  report,  then 
that  was  submitted  to  the  dissenting  members  and  the  minority  report 
was  written.  The  members  signing  the  majority  report  simply  saw  it 
at  the  last  session,  when  the  board  met  to  adjourn  sme  die. 

Senator  Kittredge.  Would  the  safety  gates  that  you  have  spoken 
of  prevent  the  ship  plunging  down  through  the  lock  as  vou  have  stated? 

Mr.  Parsons.  1  think  they  probably  would.  I  think  that  if  two 
^tes  were  there,  under  ordinary  conditions,  with  a  vessel  approach- 
ing at,  say,  5  or  6  miles  an  hour,  probably  the  second  gates  would  be 
sufficient  to  hold  her. 

Senator  Kittredge.  You  say  "probably;"  are  you  able  to  say  that 
they  certainly  would? 

Mr.  Parsons.  If  you  take  a  large  sh^p,  moving  ev^en  at  a  slow  i-ate, 
5  or  6  miles  an  hour,  her  momentum  is  so  great  that  it  is  very  difficult 
to  say  what  she  would  not  do. 

Some  few  years  ago  when  one  of  the  French  liners,  I  think,  was 
clearing  from  New  York,'the  pilot  made  a  mistake  and  thought  she  was 
going  to  clear  the  end  of  a  pier.  The  ship  was  moving  at  a  very  slow 
speed,  but  she  cut  halfway  through  one  of  those  big  piers  before  she 
was  stopped.  So  that  in  the  case  of  a  big  steamer  having,  besides  her 
own  weight,  8,000  or  10,000  or  15,000  tons  of  cargo,  what  she  would 
do  under  a  given  speed  would  be  very  hard  to  tell.  Of  course  when 
she  is  stopped  it  would  be  a  different  thing. 

Senator  Kittredge.  Then,  in  your  judgment,  the  danger  of  crush- 
ing down  through  those  locks  is  alwa^^s  present? 

Mr.  Parsons.  I  do  not  think  there  is  any  doubt  about  it.  That  is 
my  criticism  of  a  lock  canal. 

^nator  Kittredge.  You  mean  even  with  the  safety  gates  added  'i 

Mr.  Parsons.  Even  with  the  safety  gates  added;  and,  of  course, 

f^ou  must  always  remember  in  that  particular  case  that  with  a  very 
arge  steamer,  where  the  safety  gates  could  not  be  closed — they  would 
have  to  be  open,  because  otherwise  you  could  not  get  her  in — 3'ou 
would  have  no  safety  device  as  against  the  most  dangerous  type  of 
vessel.  The  larger  the  vessel  the  more  difficult  she  is  to  handle,  and 
the  more  difficult  she  is  to  stop.  Her  momentum  is  greater  by  reason 
of  her  greater  weight.  • 

Senator  Kittredge.  Then,  as  I  understand  you,  notwithstanding  the 
statement  in  the  minority  report  of  the  usable  dimensions  of  this  dock 
as  900  feet  by  95  feet,  in  the  plan  presented  to  us  the  usable  dimen- 
sions are  in  fact  790  feet  as  to  length? 

Mr.  Parsons.  That  is  a  fact. 

Senator  Kittredge.  By  what  width  ? 

Mr.  Parsons.  Ninety-five  feet. 

Senator  Kittredge.  Is  it  not  possible  to  lengthen  the  entire  lock 
structure  so  as  to  have  a  usable  length  of  900  feet  ? 

Mr.  Parsons.  It  is  not  possible  U>  do  that  and  still  keep  the  three 
locks  in  flight. 

Senator  Kittredge.  Why  is  that? 

Mr.  Parsons.  The  topography  of  the  ground,  falling  off  at  both 
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ends,  that  you  could  not  get  a  longer  structure  in  there.  In  fact,  Mr. 
Bates  himself  pointed  out  to  you  in  his  testimony  that  even  with  the 
locks  as  designed,  the  guard  wall  in  the  middle  would  have  no  founda- 
tions on  rock.  I  do  not  think  that  Mr.  Bates's  criticism  in  that  regard 
has  any  very  large  amount  of  weight,  because  a  wall  of  that  descrip- 
tion need  not  be  founded  on  rock.  It  is  simply  for  vessels  to  De 
guided  against,  and  a  pile  structure  would  probabl)^  answer  quite  as 
well  as  a  structure  founded  on  rock.  But  the  principle  involved  is 
true,  that  if  you  lengthen  these  locks  the  end  gates  are  not  going  to 
have  a  suitable,  foundation. 

Senator  Kittredge.  I  wish  you  would  explain  that  point  in  detail. 
I  do  not  quite  understand  why  it  can  not  be  iengthenea. 

Mr.  Parsons.  The  majority  members  of  the  board,  and,  in  fact,  all 
the  board  except  two  members,  voted  at  the  outset  that  all  locks 
should  have  a  usable  length  of  1,000  feet  and  a  width  of  100  feet. 
That  question  was  decided  by  a  vote  of,  I  believe,  something  like 
eleven  to  two;  and  it  was  in  order  to  allow  not  only  for  the  vessels 
now  building  but  for  such  increase  in  size  of  vessels  as  could  be"  fore- 
seen. It  is  quite  possible  that  we  shall  have,  in  the  course  of  a  few 
years,  vessels  900  feet  in  length;  and  a  vessel  900  feet  in  length  will 
need  a  1,000-foot  lock.  So  that  the  board  decided,  by  a  vote  of  eleven 
to  two,  without  regard  to  the  type  of  canal,  that  the  locks  should  have 
a  usable  length  of  1,000  feet  and  a  width  of  100  feet. 

When  the  minority  came  to  prepare  their  preferred  plan,  which  was 
to  keep  the  three  locks  in  flight  at  Gatuu  in  order  to  diminish  the 
expense  of  the  canal,  it  was  found  that  three  1,000-foot  locks  could  not 
be  constructed  at  that  site.  There  is  a  divide  there,  a  ridge,  with  suit- 
able material  for  foundations — rock  or  a  very  hard  clay,  amounting 
almost  to  a  rock,  and  at  such  reasonable  depth  as  to  be  reached  by  the 
locks.  But  when  you  came  to  make  the  locks  of  a  thousand  feet  each, 
with  the  space  between  the  locks  for  the  gates  and  the  clearances 
between  the  locks,  the  ends  of  that  structure  would  overhang  the  sides 
of  this  ridge  so  that  the  ends  would  not  have  a  proper  foundation. 
The  ends  would  include,  of  course,  the  end-gates  at  both  ends,  where 
it  is  most  important  that  there  should  be  a  satisfactor}'  foundation. 

The  minority,  therefore,  decided  not  to  use  1,000-foot  locks.  In 
other  words,  three  members  of  the  minority  reversed  themselves  in 
their  original  decision  of  a  thousand  feet,  and  dropped  back  to  a  900- 
foot  lock,  «o  as  to  get  in  three  locks  of  900  feet  eacn  in  this  situation. 

Then,  when  an  obiection  was  made  to  the  danger  of  locks  in  flight, 
they  still  further  reduced  it,  as  Mr.  Bates  has  pointed  out,  by  intro- 
ducing the  safety  gates,  the  second  set  of  gates,  and  by  putting  them 
inside  of  the  900-foot  length. 

Senator  Kittrbdge.  And  thereby  reducing  the  usable  length  dimen- 
tion  to  less  than  800  feet? 

Mr.  Parsons.  To  something  less  than  800  feet. 

Senator  Morgan.  Mr.  Parsons,  while  you  are  on  the  subject  of 
locks,  I  would  like  to  make  an  inquiry:  Do  all  of  the  great  canals,  the 
Suez  and  the  Manchester  and  Kiel,  and  so  on,  and  the  8oo  Canal,  use 
the  folding  gates  yet? 

Mr.  Parsons.  The  Suez  Canal  has  no  locks. 

Senator  Morgan.  It  has  a  sea-gate,  has  it  not?   . 
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Mr.  Pabson9.  I  think  not.  They  use  no  gates  whatever,  no  locks 
at  all.  At  the  other  canals,  the  Manchester  and  the  Kiel,  they  have 
the  ordinary  type  of  folding  gates. 

Senator  Morgan.  They  have  folding  gates,  also,  at  the  Soo? 

Mr.  Parsons.  They  have  folding  ^tes  also  at  the  Soo. 

Senator  Morgan.  Is  there  any  project  on  foot  among  engineers  to 
get  a  better  gate  than  that? 

Mr.  Parsons.  Gates  have  been  projected  and  designed,  I  believe, 
for  the  Soo  Canal  of  different  types;  but  up  to  date  no  design  has  been 
found  to  be  satisfactory  to  take  the  place  of  the  original  type  of  fold- 
ing gate. 

Senator  Morgan.  Have  you  ever  examined  the  rolling  gate  that  was 
invented  by  Lieutenant  Peary  i 

Mr.  Parsons.  Not  in  detail;  no. 

Senator  Morgan.  Did  you  know  what  his  project  was — what  the 
outline  of  it  was? 

Mr.  Parsons.  Yes;  I  know  there  have  been  a  number  of  those  roll- 
ing gates  devised,  gates  of  all  sorts  of  types;  but  they  never  have 
commended  themselves  sufficiently  to  the  parties  in  charge  of  big  lock 
gates  to  have  them  adopted. 

Senator  Morgan.  Of  course  the  gates  always  open  back  into  the 
lock? 

Mr.  Parsons.  That  depends  on  which  gate  it  is.  The  upper  gates, 
of  course,  would  open  away  from  the  lock. 

Senator  Morgan.  But  if  they  are  locks  in  tandem? 

Mr.  Parsons.  If  they  are  locks  in  tandem,  then,  of  course,  they 
would  be  inside. 

Senator  Morgan.  In  a  lock  of  the  width  that  you  describe  how 
many  feet  wide  is  it? 

.  Mr.  Parsons.  The  minority  lock  was  96  feet  wide.    The  lock  pre- 
ferred by  11  out  of  the  13  members  of  the  board  was  100  feet  wide. 

Senator  Morgan.  That  would  be  50  feet  for  each  gate.  You  have 
to  make  room  for  those  gates  to  open  and  close? 

Mr.  Parsons.  Certainly. 

Senator  Morgan.  And  you  have  to  add  that  to  the  length  of  the 
lock? 

Mr.  Parsons.  You  have  to  add  that  to  the  length  of  the  lock. 

Senator  Morgan.  Is  that  provided  for  in  this  design? 

Mr.  Parsons.  Yes.  When  we  speak  of  900  feet  or  of  1,000  feet, 
we  always  refer  to  a  900-foot  or  1,000-foot  (as  the  case  might  be) 
usable  length. 

Senator  Morgan.  That  is  what  is  meant  by  ^'usable  length?" 

Mr.  Parsons.  That  is  what  is  meant  by ''usable  length."  The  space 
taken  up  b)'^  the  gate,  therefore,  is  not  to  be  deducted.  In  the  case  of 
the  safety  gates,  as  I  have  just  explained,  in  the  point  raised  by  Mr. 
Bates 

Senator  Morgan.  I  did  not  undersand  exactly  what  was  meant  by 
*' usable  length,"  and  1  wanted  to  find  it  out. 

Senator  Dryden.  What  would  happen  to  a  vessel  going  tJirough 
there  that  might  smash  down  those  Iocks,  Mr.  Parsons? 

Mr.  Parsons.  In  going  through  three  locks? 

Senator  Dryden.  i  es;  if  it  smashed  the  locks  down  when  it  was 
going  through,  what  would  be  likely  to  be  the  fate  of  that  vessel  ? 
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Mr.  Parsons.  I  think  that  probably  the  insurance  companies  would 
own  it. 

Senator  Dbtden.  You  think  that  the  lives  and  the  freight  would  ail 
be  lost? 

Mr.  Parsons.  I  do  not  think  that  a  vessel  would  have  much  value 
after  makinff  a  jump  of  85  feet  in  three  steps. 

Senator  Morgan.  The  Government  would  have  the  expense  of  the 
burial,  would  it? 

Mr.  Parsons.  The  wreck  itself  might  have  to  be  removed  some- 
where; but  I  think  pretty  much  everything  that  was  movable  would 
be  somewhere  out  in  the  Caribbean  Sea,  Senator. 

Senator  Kittredge.  Going  back  for  just  a  minute  to  the  locks:  Sup- 
pose that  they  extend  this  lock  structure  to  secure  a  usable  dimension 
of  900  feet  in  length,  the  ends  of  each  lock  would  extend  into  space 
or  into  the  air.    is  that  right? 

Mr.  Parsons.  They  would.     You  would  have  to  build  up  to  them. 

Senator  Kittredge.  Does  that  expression  accurately  convey  the 
situation  to  the  mind  of  a  layman  ? 

Mr.  Parsons.  I  should  imagine  that  it  would,  Senator. 

Senator  Kittredge.  You  said  something  a  moment  ago  about  build- 
iug  up  in  order  to  make  the  entrance  to  tnese  locks.  Please  explain 
that. 

Mr.  Parsons.  You  can  imagine  the  cross  section  of  a  hill  with  the 
flanks  of  the  hill  ^md  a  curved  top.  Now,  you  can  make  an  excava- 
tion of  a  certain  length  that  will  be  wholly  within  the  hill,  or  you  can 
also  imagine  an  excavation  of  a  certain  length  where  the  ends  of  the 
excavation  (I  am  now  going  to  make  a  '^  buU^')  will  be  outside  of  the 
hill,  considering  the  excavation  as  a  trough,  for  instance.  And  when 
jou  come  to  lengthen  these  locks,  as  Mr.  Bates  has  pointed  out,  that 
is  exactlv  the  condition  that  you  would  strike  here  at  Gatun;  in  other 
words,  that  the  hill  is  not  sufficiently  long  to  take  in  the  locks  and  the 
lock  structure. 

Senator  Kittredge.  In  accordance  with  the  plan  proposed  by  the 
minority  ? 

Mr.  Parsons.  In  accordance  with  the  plan  proposed  by  the  minority. 

Now,  take  the  locks  they  themselves  have  laid  out,  and  you  can  see 
here  in  a  moment  the  great  length  required.  From  end  to  end  of  their 
walls  is  a  distance  of  5,500  feet.  In  other  words,  there  is  a  masonry 
structure  there  a  mile  long,  as  they  plan  it  out. 

Senator  Kittredge.  Is  it  necessary  to  have  that  length  of  structure? 

Mr.  Parsons.  Yes. 

Senator  Kittredge.  Why  ? 

Mr.  Parsons.  The  locks  themselves,  exclusive  of  the  approach  walls, 
cover  a  distance  of  3.000  feet.  Then  you  have  the  approach  guide 
walls  in  addition  to  tnat,  which  are  planned  to  be  be  of  masonry;  so 
that,  according  to  that  plan,  you  have  a  structure  there  over  a  mile 
long.  Now,  then,  if  the  locks  are  to  be  lengthened  from  790  to  1,000 
feet  of  usable  length,  you  see  you  are  going  to  add  over  600  feet, 
again,  to  that.  In  other  words,  in  that  case  the  total  masonry  struc- 
ture would  be  considerably  over  6,000  feet,  nearly  a  mile  and  a  quarter, 
in  length. 

Senator  Kittredge.  Where  is  the  entrance  of  the  lock  structure 
with  reference  to  the  depot  at  Gatun — north  or  south  of  that  point? 
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Mr.  Parsons.  It  is  almost  abreast  of  it. 

Senator  Kittredge.  And  then  extending  to  the  north  ? 

Mr.  Parsons.  And  then  extending  to  the  north.  It  is  almost 
abreast  of  it,  and  just  to  the  east  of  it. 

Senator  Kittredge.  You  spoke  a  moment  ago  of  building  up  to 
this  lock  if  they  extended  it  so  that  they  could  have  a  usable  dimension 
exceeding  790  feet? 

Mr.  Parsons.  Yes:  because,  if  you  will  consider  the  locks  themselves 
as  a  trough,  and  then  placed  in  the  hill,  the  ends  of  that  trough  would 
overhang  the  side  of  the  hill.  Therefore  you  would  have  to  build 
down  from  that  trough  to  the  rock  below  in  order  to  get  a  foundation 
to  support  the  ends  of  that  trough. 

The  Chairman.  There  is  no  reason  why  that  can  not  be  done,  Mr. 
Parsons,  is  there? 

Mr.  Parsons.  The  rock  is  very  far  down.  It  simply  adds  tremen- 
dously to  the  expense;  that  is  all. 

Senator  Drtden.  Can  you  tell  about  what  would  be  the  height  of 
this  support  or  masonry  work,  I  suppose  it  would  be,  required  to 
reach  tne  ends  of  the  locks? 

Mr.  Parsons.  I  think  I  could  this  afternoon.  I  could  not  give  it  to 
you  offhand,  because  I  have  not  worked  it  out;  but  I  was  merely 
explaining  tne  question  that  Senator  Kittredge  asked,  in  explanation 
of  Mr.  Bates's  criticism  that  the  locks  only  had  a  length  of  790  feet  and 
not  of  900  feet  I  was  explaining  that  that  was  •a  fact,  and  why  it 
came  about. 

Senator  Dryden.  It  becomes  a  matter  of  expense,  then? 

The  Chairman.  I  could  not  understand  that  at  all  yesterday,  but  it 
is  perfectly  plain  now,  since  I  see  what  Mr.  Parsons  says. 

Senator  Dryden.  It  becomes,  then,  a  matter  of  expense;  and,  as  I 
understand,  Mr.  Paisons,  these  supports  could  be  built? 

Mr.  Parsons.  Oh,  yes. 

Senator  Dryden.  But  it  is  a  question  of  expense? 

Mr.  Parsons.  It  is  a  question  of  expense. 

Senator  Dryden.  I  assume  that  you,  not  having  the  distance  in 
mind,  have  not  made  any  calculation  as  to  what  that  expense  would  be? 

Mr.  Parsons.  I  have  not.  Of  course  it  is  not  merely  a  question  of 
building  up  a  block  of  masonry  to  carry  the  gates;  but  you  have  to 
have  enough  masonry  to  take  up  the  thrust  of  those  gates.  You  see 
the  gates  themselves  act  like  an  arch  with  the  pressure  of  the  water 
against  them,  and  they  have  to  have  abutments;  so  that  it  is  like  carry- 
ing an  arch  awa.y  up  in  the  air.  You  have  to  build  abutments  to  sup- 
port that  arch,  and  that  is  the  reason  why  you  have  to  have  such  good 
foundations  under  your  lock  gates.  If  you  have  no  rock  except  at 
great  depth,  and  you  have  to  build  up  to  this  gate,  you  have  to  build 
up  a  very  heavy  abutment  in  order  to  support  the  thrust  of  the  arch 
or  the  gates  themselves. 

Senator  Dryden.  Could  you  give  us  an  approximate  idea  as  to  the 
cost  of  building  such  supports,  whether  it  would  be  one  million  dollars 
or  five  million  dollars,  or  anything  of  that  kind? 

Mr.  Parsons.  Oh,  offhand,  1  could  not,  but  it  would  run  into  a 
good  man}'  millions  of  dollars.  I  think  it  would  be  sufficient  in  itself 
to  condemn  the  idea  of  locks  in  flight  at  Gatun  entirely  apart  from 
the  question  of  safety.  I  think  that  the  expense  alone,  if  tnose  locks 
were  to  be  made  a  thousand  feet  long  (as  they  unquestionably  should 
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be,  and  as  11  out  of  the  13  members  of  the  board  decided  that  they 
should  be  before  any  question  of  type  of  canal  was  raised  at  all),  would 
be  sufficient  to  condemn  that  plan. 

Senator  Dbtden.  In  short,  vou  consider  that  the  flight  of  locks  at 
this  point  would  be  impracticable  as  to  dimensions  which  would  accom- 
modate the  largest  ships  now  in  process  of  construction?  • 

Mr.  Parsons.  I  think  so. 

Senator  Moroan.  Let  me  ask  you  there,  please,  this  question:  These 
lock  gates  describe  an  arch  against  which  the  pressure  comes  laterally? 

Mr.  Parsons.    Certainly. 

Senator  Morgan.  They  have  to  bear  the  entire  burden  of  the  water 
that  is  in  the  lock,  as  I  understand  it.  with  the  superadded  burden  of 
the  weight  of  the  ship  that  is  in  the  lock? 

Mr.  Parsons.  As  tblt  as  the  superadded  weight  of  the  burden  of  the 
ship  is  concerned,  of  course  she  aisplaces  that  same  amount  of  water. 

Senator  Morgan.  Yes.- 

Mr.  Parsons.  So  that  it  would  be  the  same  in  either  case. 

Senator  Morgan.  But  still  it  is  all  confined  in  the  lock  chamber? 

Mr.  Parsons.  It  is  all  confined  in  the  lock. 

Senator  Morgan.  Now,  is  it  not  of  the  first  importance  that  those 
gates  and  the  abutments  to  them  should  be  as  strong  as  or  stronger 
than  any  other  part  of  that  lock? 

Mr.  Parsons.  That  is  the  weakest  part  of  the  lock;  and  the  abut- 
ments to  those  gates  must  be  sufficient!}'  strong  to  protect  those  gates 
from  yielding. 

iSenator  Morgan.  And  the  danger  comes,  in  a  lock  canal,  more  from 
the  sates  than  from  the  walls  on  either  side? 

ifr.  Parsons.  Oh,  ves. 

Senator  Morgan.  Or  the  floor? 

Mr.  Parsons.  Or  the  floor. 

Senator  Morgan.  That  is  all. 

Senator  Dryden.  I  would  like  to  ask  your  opinion  as  to  the  rela- 
tive weaknesses  of  these  two  types  of  canal  against  the  effects  of  an 
earthquake.  I  would  be  glad  if  you  would  point  out  the  weak  points 
of  the  lock  type  of  canal  and  compare  it  with  the  same  matter  with 
regard  to  the  sea-level  canal. 

Mr.  Paksons.  So  far  as  the  main  structures  are  concerned,  I  do  not 
think  that  there  is  very  much  difference.  I  do  not  think  that  there  is 
much  to  fear  from  an  earthquake  for  either  type  of  canal,  so  far  as 
the  main  structures  are  concerned. 

The  lock  ^tes  must  be  nicely  adjusted  in  order  to  work  properly, 
and  I  think  it  is  conceivable  that  an  earthquake  which  would  not  pro- 
duce any  very  great  structural  damage  might  be  sufficient  to  distort 
the  adjustment  of  the  gates  and  their  foundations,  so  that  the  gates 
themselves  would  not  work.  Of  course  that  is  a  damage  which  could 
be  repaired,  but  it  would  put  the  locks  out  of  service  while  it  was 
l)eing  repaired,  and  that,  I  think,  is  the  major  danger  that  would  be 
fear^  from  an  earthquake  for  either  type  of  canal. 

Senator  Dryden.  I  will  ask  you  the  same  question  as  applied  to  the 
attack  of  an  enemv,  say,  in  case  of  war. 

Mr.  Parsons,  in  the  case  of  war  the  locks,  of  course,  are  the  vul- 
nerable part.  One  man  can  carry  enough  high  explosives  in  his 
clothes  to  put  a  lock  out  of  service,  if  not  to  destroy  the  canal.  I  am 
speaking  now  of  a  lock  canal.     Of  course  in  the  case  of  the  sea-level 
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canal  the  tidal  lock  could  be  destroyed  in  a  similar  manner;  but  in 
that  case  the  canal  itself  would  not  be  destroyed.  The  canal  would 
still  remain  usable  even  with  the  tidal  lock  destroyed,  because  at  least 
for  one-half  the  time  that  tidal  lock  would  stand  open.  Then,  the 
rest  of  the  time,  during  the  period  of  the  month  when  we  get  what  is 
kaown  as  the  spring  tides,  the  extra  high  tides,  there  would  be  two 
times  a  day  when  the  level  of  the  water  inside  and  outside  would  be 
the  same,  and  a  great  portion  of  the  day  vessels  could  still  enter  and 
leave  the  canal,  bo  that  in  the  event  of  the  tidal  lock  being  destroyed 
by  high  explosive  the  canal  itself  would  not  be  destroyed;  but  in  the 
case  of  a  lock  canal  the  destruction  of  a  lock  or  locks  would  of  course 
destroy  the  canal. 

One  man  can  carry  enough  dynamite  in  there  to  destroy  a  lock.  If 
you  say  that  the  locks  would  be  so  guarded  that  strangers  could  not 
approach  them,  it  is  easily  conceivable  that  an  enemy  could  take  a 
small  steamer  and  load  her  with  dynamite  or  some  other  high  explo- 
sive— a  vessel  clearing  with  the  ordinar}'  papers,  and  apparently 
loaded  with  bananas  and  making  the  voyage  in  the  ordinary  commer- 
cial way.  That  vessel  would  get  in  the  top  one  of  these  lod^s,  aiid 
while  in  the  process  of  being  locked  through  the  crew  would  simply 
jump  ashore,  and  possibly  inform  the  lockmen  that  that  vessel  wa^ 
loaded  with  nitroglycerine  and  was  going  to  explode  in  half  a  minute. 
There  would  be  nothing  in  the  world  to  stop  it,  you  know;  and  you 
would  always  find,  in  the  case  of  a  war,  men  who  would  be  perfectly 
willing  to  take  that  risk. 

Senator  Dkyden.  And  the  destruction  of  these  locks  could  be  made 
as  complete  as  in  the  case  of  a  vessel  smashing  them  down,  which  you 
have  heretofore  described? 

Mr.  Parsons.  Quite. 

Senat;pr  Dryden.  And  even  if  the  work  was  uninterrupted,  and  in 
time  of  peace,  it  would  take  from  three  to  live  3'ears  to  restore  those 
locks,  according  to  your  view  'i 

Mr.  Parsons.     Probably. 

Senator  Morgan.  The  plan  of  the  minority,  as  I  understand  it,  is 
for  a  flight  of  locks  at  Gatun ! 

Mr.  Parsons.  For  a  flight  of  locks  at  Gratun. 

Senator  Morgan.  Two  locks,  one  following  the  other? 

Mr.  Parsons.  Three, 

Senator  Morgan.  Does  the  immediate  connection  of  the  three  locks 
together  increase  the  danger  to  ships  navigating  that  canal,  one  above 
the  other?  Is  their  immediate  connection  together?  I  suppose  they 
are  all  connected  together. 

Mr.  Parsons.  They  are  all  connected  together,  so  that  a  vessel  goes 
from  one  to  the  other  in  a  succession  of  steps. 

Senator  Morgan.  Through  the  gates? 

Mr.  Parsons.  Through  the  gates. 

Senator  Morgan.  Does  the  fact  of  putting  three  locks  together  in 
flight  increase  the  danger  of  navigation  through  the  locks? 

Mr.  Parsons.  Yes;  l>ecause  a  vessel  plunging  through  the  three 
locks  would  undoubtedly  make  a  far  worse  accident  than  a  vedsel 
going  through  a  single  lock. 

Senator  Morgan.  Is  there  any  greater  danger  of  meeting  an  acci- 
dent? 
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Mr.  Pabsons.  A  ijrreater  danger  of  meeting  an  accident  in  going 
through  three  locks  in  flight  as  against  three  separate  locks? 

Senator  Morgan.  Yes. 

Mr.  Parsons.  I  do  not  know  that  there  would  be.  The  accident 
itself  would  be  greater  if  it  occurred. 

Senator  Morgan.  Yes;  the  accident  would  be  greater,  but  you  do 
not  think  that  the  expoHure  to  danger  would  be  any  greater? 

Mr.  Parsons.  I  do  not  think  so.  I  do  not  think  a  flight  of  three 
locks  would  present  any  greater  danger  than  three  single  detached 
lo^s.  The  vessel  has  to  nriake  three  movements.  The  danger,  of 
coarse,  arises  when  you  have  your  vessel  in  motion. 

Senator  Morgan.  That  is  exactly  what  I  have  had  in  mind.  The 
vessel  has  to  make  three  movements? 

Mr.  Parsons.  The  vessel  has  to  make  three  movements. 

Senator  Morgan.  Each  of  these  movements  gets  up  an  impetus, 
and  with  such  a  vast  mass  of  metal,  or  such  a  vast  ship  floating,  that  is 
very  hard  to  check,  is  it  not? 

Mr.  Parsons.  It  is. 

Senator  Morgan.  There  has  to  be  very  careful  work  done  in  checking 
it,  to  prevent  it  from  going  through  the  gates? 

Mr.  Parsons.  Unquestionably. 

Senator  Morgan.  It  is  a  difficult  operation? 

Mr.  Parsons.  Very. 

Senator  Morgan.  And  a  dangerous  one? 

Mr.  Parsons.  Very. 

Senator  Morgan.  If  that  is  repeated  three  times  in  succession,  the 
danger  would  be,  it  seems  to  me,  increased  in  some  proportion  at 
least. 

Mr.  Parsons.  1  do  not  know  that  it  makes  any  difference  whether 
you  make  those  three  movements  in  close  succession  or  whether  3'ou 
make  them  at  longer  inteiTals.     The  movements  are.exac^tly  the  same. 

Senator  Morgan.  In  the  case  of  a  flight  of  three  locks,  an  accident 
to  either  gate  in  that  flight  would  involve  the  whole  length  of  the 
system,  would  it  not? 

"  Mr.  Parsons.  No>  not  necessarily.  Suppose  a  vessel  had  pa^ed 
the  upper  lock  in  safety,  and  was  in  the  middle  lock,  and  then  some- 
thing went  wrong,  and  she  carried  away  the  gates — the  gates  of  the 
upper  lock  would  hold  back  the  water  in  the  upper  level.  You  would 
simply  then  destroy  the  vessel  and  the  lower  two  locks,  and  probably 
not  enoueb  water  would  go  down  to  destroy  the  lower  reacn  of  the 
canal.  l%at  would  not  make  a  catastrophe;  it  would  make  a  bad  acci- 
dent so  far  as  that  vessel  was  concernea  and  so  far  as  the  lower  gates 
were  concerned. 

Senator  Morgan.  Suppose  the  accident  should  occur  as  the  vessel 
was  entering  the  first  lock  of  the  three? 

Mr.  Parsons.  She  would  probably  carry  all  three  away. 

Senator  Morgan.  She  would  probably  carry  all  three  away? 

Mr.  Parsons.  Yes,  sir. 

Senator  Morgan.  The  damage,  then,  to  the  canal  would  be  probably  • 
threefold  in  a  case  of  that  sort  i 

Mr.  Parsons.  That  is  it,  exactly. 

Smator  Morgan.  Yes. 
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Mr.  Pabsons.  And  that  is  the  reason  why  the  maiority  of  the  board 
in  formulating  a  plan  for  a  lock  canal  was  insistent  that  tne  locks  them- 
selves should  oe  separated,  so  as  to  diminish  the  accident. 

Senator  Morgan.  Did  they  lay  emphasis  upon  that  proposition,  that 
locks  separate  from  each  other  would  be  safer 

Mr.  rARSONS.  Oh,  yes. 

Senator  Morgan  (continuing).  Than  when  connected  in  a  flight? 

Mr.  Parsons.  Oh,  yes;  yes. 

Senator  Morgan.  That  is  what  1  wanted  to  get  at. 

Mr.  Parsons.  The  majority  of  the  board  was  quite  insistent  on  that 
point.  The  minority  members  of  the  board  preferred  putting  them  in 
flight  because  it  is  cheaper  construction. 

Senator  Morgan.  Yes. 

Mr.  Parsons.  In  other  words,  they  were  avowedly  governed,  as 
they  stated,  by  that  consideration. 

Senator  Morgan.  They  preferred  it  on  account  of  the  less  cx^st? 

Mr.  Parsons.  On  account  of  the  less  cost. 

Senator  Morgan.  That  was  the  whole  afl'air? 

Mr.  Parsons.  That  was  the  whole  affair.  They  disagreed  with  us, 
I  think,  in  our  estimate  of  the  danger  involved.  I  want  to  say  that — 
that  the  minority  did  not  share  our  views  in  regard  to  the  total  amount 
of  danger,  or,  otherwise,  those  gentlemen  would  never  in  the  world 
have  prepared  the  plans  they  did.  They  did  not,  and  I  presume  do 
not,  agree  with  us  in  regard  to  the  probable  danger.  They  think  a 
vessel  can  be  controlled,  and  that  the  accident  of  a  vessel  plunging 
through  a  flight  of  three  locks  will  not  occur. 

Senator  ILnox.  What  has  been  the  experience  at  other  locks  in 
other  canals? 

Mr.  Parsons.  In  the  Manchester  Canal  the  accident  has  happened 
three  times,  as  I  described  a  few  minutes  ago. 

Senator  Knox.  Yes;  I  was  not  here. 

Mr.  Parsons.  When  vessels  have  actually  gone  through  the  locks. 
In  that  case  the  locks  were  separate  and  the  gates  were  closed  by  the 
men  on  shore.  Seeing  that  the  vessel  was  going  through — that  con- 
troj  had  been  lost  of  the  vessel — they  succeeoed  impartially  closing  the 
gates,  and  the  rush  of  the  water  following  the  vessel  brought  the  gates 
to  with  a  great  bang.  The  gates  were  wrecked,  but  not  sufliciently 
wrecked  as  to  be  entirely  carried  away,  so  that  the  water  in  the  upper 
level,  in  each  one  of  the  tnree  cases,  was,  fortunately,  restrained;  other- 
wise, of  course,  there  would  have  been  a  terrific  disaster. 

Senator  Morgan.  The  vessel  was  saved  b}'^  the  alacrity  of  the  men 
in  closing  the  gates? 

Mr.  Parsons.  The  canal  was  saved;  the  vessel  went  through.  The 
canal  was  saved  by  the  alacrity  of  the  men  in  getting  the.  gates  started, 
and  they  were  half  closed,  and  then,  of  course,  the  terrific  rush  of 
water  carried  the  gates  themselves  to. 

Senator  Morgan.  Yes.  • 

Mr.  Parsons.  Each  one  of  those  locks,  I  think,  was  out  of  service 
for  something  like  a  month  before  new  gates  could  be  put  in  place. 
The  locks  were  in  duplicate,  however,  so  that  the  canal  was  able  to 
maintain  traffic  in  a  partiallv  crippled  condition. 

Senator  Dryden.  What  have  3'ou  to  say  about  the  waste  of  space 
and  water  in  the  use  of  these  looks  for  small  boats? 
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Mr.  Parsons.  That,  of  course,  is  very,  very  great.  That  is  another 
objection.  It  is  a  minor  one,  but  it  is  another  objection  to  locks  in 
flight.  If  you  have  a  single  lock  you  can  then  put  in  intermediate 
gates,  dividing  vour  1,000  feet  into  lengths  of,  say,  600  and  400  feet,  or 
whatever  lengths  you  might  prefer,  so  that  short  vessels  in  passing  one 
of  the  locks  need  not  draw  off  a  full  lockf ul  of  water.  But  where  you 
come  to  have  the  locks  in  fight  that  arrangement  is  not  possible,  and 
you  have  to  draw  off  a  full  lockful  of  water  every  time,  so  that  the 
Waste  of  water  in  the  case  of  locks  in  flight  is  very  much  greater  than 
it  would  be  in  the  case  of  separate  locks. 

Senat/or  Dryden.  That  goes  to  the  point  of  the  possible  congestion 
that  might  occur  in  a  fleet  of  vessels  getting  through,  getting  along 
the  canal;  but  as  to  the  waste  of  water,  how  serious  a  matter  is  thatl 
How  important  is  that? 

Mr.  Parsons.  I  do  not  attach  very  much  importance  to  it;  and  for 
that  reason  I  have  not  raised  it.     It  is  merely  an  objection. 

The  lakes  that  have  been  proposed  by  the  minority,  as  you  can  see 
by  looking  at  the  map  there,  are  very  great;  and  those  lakes  will 
store  enough  water  through  the  dry  season  to  permit  the  locking 
through  of,  I  think,  any  tonnage  that  can  now  be  foreseen.  Shoulo, 
however,  the  occasion  demand,  and  the  tonnage  be  increased,  an  addi- 
tional dam  could  be  put  in  on  the  upper  Chagres  at  Alhajuela,  and 
possibly  at  some  of  the  other  tributaries,  so  that  practically  the  whole 
of  the  rainfall  of  the  Chagres  Valley  could  be  stored;  and  in  that  case 
enough  water  could  be  obtained  to  lock  through,  I  think,  any  imag- 
inable amount  of  tonnage. 

Senator  Dryden.  But  in  regard  to  the  congestion.  If  the  denjand 
upon  this  canal  should  get  to  be  very,  very  great  and  a  fleet  of  vessels 
was  waiting  to  get  through,  and  one  of  these  long  locks  had  to  be 
given  up  entirely  to  a  small  boat,  that  would  be  quite  a  serious  mat- 
ter, would  it  not? 

Mr.  Paksons.  It  would  be  quite  a  serious  matter. 

Senator  Morgan.  In  the  delay  which  would  occur  in  these  vessels 
getting  through  ? 

Mr.  Parsons.  It  would  be  quite  a  serious  matter  unless  two  or  three 
of  those  small  boats  should  come  together,  then  they  could  be  locked 
through  simultaneously. 

Senator  Dryden.  Would  that  be  safe  and  practicable  ? 

Mr.  Parsons.  Oh,  they  do  that  right  along  at  the  Soo.  But  .that 
means  that  vessels  have  got  to  arrive  simultaneously,  or  substantially 
simultaneously,  in  order  to  get  that  done.  If  you  are  going  to  hold 
one  vessel  until  the  next  boat  arrives,  of  course  j^ou  are  going  to  delay 
the  first  vessel. 

Senator  Hopkins.  What  do  you  estimate  is  the  time  necessary  to 
lock  a  vessel  through  a  three-lock  flight? 

Mr.  Parsons.  That  was  set  forth  in  the  report  of  the  Isthmian  Canal 
Commission — the  so-called  Walker  Commission. 

Senator  Hopkins.  I  am  asking  you  what  your  estimate  is — in  the 
obiections  you  make  to  it. 

Mr.  Parsons.  I  was  going  to  give  you  those  figures.  The  figures 
that  they  gave  in  that  report  I  concur  in. 

In  the  report  of  the  Board  of  Consulting  Engineers  there  is  no 
detailed  calculation  showing  the  time  required  to  pass  a  vessel  through 
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the  locks.  You  will  find  in  that  report  a  paper  written  by  Mr.  Noble 
and  Mr.  Ripley  on  the  capacity  of  the  canal  for  traffic,  in  which  there 
is  a  statement 

Senator  Kittreik^e.  You  refer  to  the  minority  report* 

Mr.  Parsons.  No;  I  am  referring  to  a  paper  which  appears  in  the 
appendix  to  the  report  (it  is  really  simply  a  contribution),  in  which 
they  show  a  calculation  as  to  the  traffic  that  a  lock  canal  could  carry. 
They  show  there,  in  a  flight  of  three  locks,  a  computation  that  if  every- 
thing worked  exactly  right  vessels  could  pass  at  intervals  of  fifty  min- 
utes through  a  three-flight  lock.  That  is,  by  the  time,  of  course,  the 
the  vessel  passed  the  first  lock,  when  she  got  down  into  the  second 
lock,  but  while  she  was  going  through  the  intermediate  lock  the  upper 
lock  would  be  filled,  and  the  next  succceeing  vessel  would  enter  the 
upper  lock  while  the  first  vessel  was  still  passing  through  the  lower 
Iock;  and  they  make  the  calculation  that  vessels  could  follow  each 
other  at  intervals  of  about  fifty  minutes.  That,  of  course,  is  based 
wholly  on  theoretical  considerations.  If  you  refer  to  that  paper  you 
will  see  that  it  worked  out  into  seconds,  and  it  means  that  everything 
has  to  work  exactly  ri^ht. 

Now,  in  practice,  it  is  found,  in  the  case  of  lock  canals,  that  you 
have  to  allow  about  50  per  cent  in  addition  to  the  theoretical  compu- 
tation to  cover  the  unavoidable  delays.  The  instant  the  ^tes  are 
opened  the  vessel  is  not  quite  ready  to  move;  the  captain  waits,  natu- 
rally, until  the  g^tes  are  opened,  and  until  he  knows  they  are  open. 
Then  he  has  to  give  his  orders  to  cast  off  his  lines,  and  that  all  takes 
time;  and  there  is  the  inevitable  delay  that  you  can  not  possibly  avoid 
in  the  handling  of  a  large  ship. 

Senator  HoPKiNe.  Are  you  familiar  with  the  manner  in  which  they 
lock  vessels  through  at  the  Soo,  and  the  time  that  it  takes  there? 

Mr.  Parsons.  les.  Mr.  Ripley  was  superintendent  of  the  Soo 
Canal,  so  that  his  computation  is  based  upon  his  own  experience  in 
the  filling  and  the  opening  of  locks,  but  they  make  no  pretense  that 
that  is  a  practical  calculation.  It  is  merely  a  theoretical  calculation 
of  the  minimum  time  required. 

Senator  Hopkins.  You  have  no  personal  experience,  have  you,  on 
this  question,  either  at  the  Soo  or  at  any  other  place? 

Mr.  Parsons.  Except  as  I  have 

Senator  Hopkins.  Except  as  you  have  gathered  statistics  from 
others? 

Mr.  Parsons.  Except  as  I  have  sat  with  a  watch  and  timed  vessels 
going  through  locks. 

Senator  Hopkins.  That  is  what  I  wanted  to  know— whether  you 
have  done  that. 

Mr.  Parsons.  Yes,  sir. 

Senator  Hopkins.  Where  was  that — at  the  Soo? 

Mr.  Parsons.  I  have  timed  them  on  the  Manchester  Canal,  and  1 
have  timed  them  on  the  Kiel  Canal — large  steamers. 

Senator  Hopkins.  What  is  the  length  of  time  at  those  two  places? 

Mr.  Parsons.  I  can  not  tell  you  offhand,  because  I  have  not  my 
notelK)ok  here  with  me.  Of  course,  in  both  those  cases,  the  locks  have 
very  much  lower  lifts  than  there  would  be  here. 

^nator  Hopkins.  What  is  the  depth  of  the  lock  at  Manchester? 

Mr.  Parsons.  Six  hundred  feet 

'Senator  Hopkins.  How  many  locks  are  there? 
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Mr.  Parsons.  There  are  four  locks  and  a  tidal  lock — five  altogether. 

Senator  Kittredge.  In  flight? 

Mr.  Parsons.  No;  they  are  separate. 

Senator  Hopkins.  How  is  it  at  the  Soo? 

Mr.  Parsons.  The  Soo  has  one  lock  at  one  place,  bat  I  think  there 
are  some  four  locks,  and  the  Government  is  now  building  a  fifth  to 
accommodate  the  traffic. 

Senator  Hopkins.  Are  they  in  flight,  or  separate? 

Mr.  Parsons.  No;  that  is  a  single  lock. 

Senator  Hopkins.  And  what  are  the  lengths  of  those  locks? 

Mr.  Parsons.  They  vary  a  great  deal.  Originally  there  were  two 
tandem  locks,  each  350  feet  long  by  70  feet  wide,  having  a  lift  of  10 
feet  each.  Then  the  Weitzel  lock,  550  feet  long,  was  built,  between 
1870  and  1881 .  Then  the  original  tandem  locks  were  replaced,  between 
1887  and  1896,  by  the  Poe  lock,  800  feet  long  and  100  feet  wide. 

Senator  Kittredge.  And  o^  what  lift? 

Mr.  Parsons.  A  lift  of  20  feet.  That  makes  two  locks.  Then 
there  is  the  Canadian  lock,  which  is  900  feet  long  and  60  feet  wide; 
and  now,  I  believe,  the  Government  is  projecting  a  new  lock. 

Senator  Kittredge.  In  that  connection,  Mr.  Parsons,  do  you  remem- 
ber the  usable  dimensions  of  the  lock  at  Panama  proposed  by  the 
French  company  in  1896  or  1897? 

Mr.  Parsons.  Seven  hundred  and  forty  feet,  I  think,  if  I  recollect 
rightly. 

Senator  Kittredge.  Do  you  remember  the  usable  length  of  lock 
proposed  by  the  Walker  Commission,  appointed  in  1899  and  reporting 
m  1901 ? 

Mr.  Parsons.  Have  you  a  copy  of  that  report  here?  I  would  like 
to  refer  to  it. 

Senator  Morgan.  That  is  obsolete. 

The  Chairman.  I  do  not  think  we  have  a  copy  handy  to-day,  Mr. 
Parsons. 

Mr.  Parsons.  It  is  from  740  to  800  feet — somewhere  in  that  neigh- 
borhood. 

Senator  Kittredge.  Do  you  refer  to  the  report  of  the  Walker 
Commission? 

Mr.  Parsons.  I  refer  to  the  report  of  the  Walker  Commission. 

Senator  Kittredge.  It  was  800  feet,  was  it  not? 

Mr.  Parsons.  I  think  it  was  about  800  feet — somewhere  between 
the  French  figure  and  800  feet. 

Senator  Kittredge.  And  you  were  showing  this  morning  that  the 
locks  proposed  by  the  minority  on  paper  proposed  to  give  a  usable 
dimension  of  900  feet,  but  in  fact  they  are  less  than  800? 

Mr.  Parsons.  In  fact,  they  are  less  than  800. 

Se«iator  Kittredge.  And  the  largest  ship  now  building  on  the  stocks 
is  of  what  length. 

Mr.  Parsons.  Seven  hundred  and  eighty -eight  feet,  I  think. 

Senator  Kittredge.  You  can  supply  those  exact  figures  later,  if  you 
will.  Mr.  Parsons. 

Mr.  Parsons.  I  will  get  them  during  recess. 

Senator  Kittredge.  As  to  the  locks  projected  by  the  French,  and 
then  by  the  Walker  Commission  ? 

Mr.  Parsons.  I  will  get  that  information  during  recess. 
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Senator  Morgan.  You  were  on  the  commission  when  that  report 
was  made,  were  you  not? 

Mr.  Parsons.  No,  sir. 

Senator  Morgan.  You  were  not? 

Mr.  Parsons.  I  was  not  on  the  so-called  Walker  Commission. 

Senator  Morgan.  No;  I  remember  now. 

Senator  Hopkins.  Are  there  any  conditions  that  exist  there  at 
Gatun  that  would  interfere  with  their  having  a  lock  900  or  1,000  feet 
long? 

Mr.  Parsons.  Yes.  The  topography  is  such  that  you  could  not  get 
in  the  three  locks. 

Senator  Morgan.  Why? 

Mr.  Parsons.  The  hill  is  not  long  enough. 

Senator  Morgan.  It  gives  out? 

Mr.  Parsons.  The  hill  gives  out. 

Senator  Hopkins.  Could  thej-  not  have  two  locks?  Could  they  not 
meet  the  question  there  by  a  two-lock  system  instead  of  three? 

Mr.  Parsons.  Certainly. 

Senator  Hopkins.  And  then  they  could  have  a  1,000-foot  lock  there, 
could  they  not? 

Mr.  Parsons.  Certainly;  but  that  is  not  the  plan  that  the  minoritj^ 
propose. 

Senator  Hopkins.  I  am  not  speaking  of  whether  it  is  their  plan  or 
not;  but  they  could,  at  that  point,  have  a  two-lock  system  of  1,000 
feet  each? 

Mr.  Parsons.  I  think  the  best  thing  to  do 

Senator  Hopkins.  I  am  not  asking  vou  what  is  the  best  thing  to  do. 
Thev  could  have  that,  could  they  not? 

JVfr.  Parsons.  Certainly. 

Senator  Morgan.  What  would  be  the  lift  of  those  two  locks? 

Mr.  Parsons.  If  you  are  going  to  come  up  to  the  86-foot  level, 
they  would  be  42i  feet  apiece,  Senator. 

Senator  Morgan.  That  is  a  very  high  lift,  is  it  not? 

Mr.  Parsons.  That  is  a  very  high  lift — a  lift  that  has  never  been 
built. 

Senator  Morgan.  A  dangerously  high  lift? 

Mr.  Parsons.  I  think  there  is  no  question  about  it. 

Senator  Morgan.  Now,  I  want  to  ask  you  just  a  few  questions. 
That  dam  at  Gatun  is  85  feet  high  ? 

Mr.  Parsons.  Eighty-five  feet  high. 

Senator  Morgan.  It  is  meant  to  carry  a  head  of  water  86  feet  deep? 

Mr.  Parsons.  Yes.  When  you  speak  of  the  height  of  the  dam,  tne 
dam  itself  is  to  be  some  60  feet  higher  than  that,  as  projected;  but  it 
is  to  carry  86  feet  of  water. 

Senator  Morgan.  Yes;  85  feet  of  watar.  That  86  feet  of  water  is 
expected  to  reach  across  to  Miraflores  or  to  Pedro  Miguel  somewhere  i 

Mr.  Parsons.  Yes. 

Senator  Morgan.  Clear  across  the  cut? 

Mr.  Parsons.  Clear  across  until  you  get  to  the  Pacific  slope. 

Senator  Morgan.  It  is  also  expected  to  make  dead  water  on  the 
right  bank  of  the  Chagres  River  and  a  very  considerable  distance  up 
the  Gatun  River  and  the  next  river  to  it,  the  Gratuncilla?  Are  there 
two  rivers  there,  one  called  the  Little  and  the  other  the  Big  Gatun  i 

Mr.  Parsons.  There  are  really  two  Gatuncilla  Rivers,  and  we  have 
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been  inclined  to  call  the  lower  Gatuncilla,  the  one  at  Gatun,  the  Gatun 
River.  There  is  another  Gatuncilla  that  is  tributary  to  the  upper 
Cbagree.    They  are  both  called  the  Little  Gatun. 

Senator  Moroan.  Keeping  up  the  right  bank  of  the  Chagres  River, 
taking  in  all  the  affluents  until  you  get  up  to  Gamboa,  this  lake  seems 


to  go  up  above  Alhajuela? 
Mr.  Parsons.  Almost  up  to  Alhajuela. 


Senator  Moroan.  Almost  up  to  Alhajuela? 

Mr.  Parsons.  Yes,  sir. 

Senator  Morgan.  Alhajuela,  then,  on  this  map,  would  be  outside 
of  the  map  itself  ? 

Mr.  Parsons.  No,  sir;  here  is  Alhajuela  [indicating]. 

Senator  Morqan.  Oh,  yes.     Then  it  goes  awa^  above  it? 

Mr.  Parsons.  The  lake  itself  comes  up  to  a  point  a  few  miles  south 
of  Alhajuela.     It  does  not  quite  get  to  Alhajuela. 

Senator  Morgan.  From  Alhajuela  on  up  to  the  top  of  this  map  that 
is  before  us  have  topographical  surveys  been  made  of  sumcient 
accuracy  to  determine  what  would  be  the  body  of  water  in  that  upper 
rerion  of  the  Chagres? 

Air.  Parsons.  Substantially;  yes. 

Senator  Morgan.  Then,  coming  on  to  the  left  bank  of  ♦^^he  Chagi-es 
River,  there  is  a  body  of  dead  water  that  runs  down  there.  That 
renresents  what  river,  the  Indio? 

Mr.  Parsons.  The  vall^^  of  the  Trinidad. 

Senator  Morgan.  The  Trinidad? 

Mr.  Parsons.  Yes;  that  is  the  Trinidad.  The  Indio  flows  directly 
into  the  sea.     That  is  another  valley. 

Senator  Morgan.  Now,  next  upon  the  left  bank  comes  in  another 
river.    What  is  that,  the  Indio? 

Mr.  Parsons.  These  rivers  in  here  [indicating]  ? 

Senator  Morgan.  Yes. 

Mr.  Parsons.  This  is  the  Gigante. 

Senator  Morgan.  Yes,  the  Gigante;  and  those  are  the  principal 
8tream8  tliat  enter  on  the  left  bank  of  the  Chagres  River  until  you  get 
uptoBohio? 

Mr.  Parsons.  Yes. 

Senator  Morgan.  And  then  the  Obispo  comes  in  on  the  left  bank? 

Mr.  Parsons.  And  then  the  Obispo  ('oraes  in  on  the  left  bank. 

Senator  Morgan.  What  is  that  other  main  stream  just  above  the 
Obispo  that  comes  in  on  the  left  bank  farther  up  the  Chagres — that 
long  one,  above  where  your  pencil  is? 

Mr.  Parsons.  That  c)ne  [indicating]? 

Senator  Morgan.  No;  still  farther  up  the  map — that  middle  one. 

Mr.  Parsons.  Do  you  mean  that  one  [indicating]? 

Senator  Morgan.  Yes. 

Mr.  Parsons.  That  is  not  a  river  at  all.  That  is  the  old  highway 
fi'om  Las  Cruces  to  Panama. 

Senator  Morgan.  Oh,  yes;  I  was  mislead  by  that.  Now,  all  of  that 
weight  of  water  practically  bears  upon  the  Gatun  dam?  I  do  not 
mean  as  weight,  but  I  mean  as  pressure. 

Mr.  Parsons.  Yes. 

Senator  Morgan.  It  has  to  be  strong  enough  to  hold  all  of  that  water 
at  an  85-foot  level  (not  above  its  base,  but  at  the  surface  level  of  85 
feet)  over  all  this  great  area  that  is  mentioned  here? 
KRo  I  o— 06 2Q 
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Mr.  Parsons.  As  a  matter  of  fact,  Senator,  the  pressure  on  that 
dam  would  be  just  the  same  if  that  lake  extended  back  but  a  few  feet. 
The  extent  of  the  lake  does  not  increase  the  pressure  on  the  dam. 

Senator  Morgan.  That  is  the  point  I  was  trying  to  get  at.  Can 
you  account  for  that? 

.  Mr.  Parsons.  The  pressure  is  due  to  the  height  of  water,  and  not 
to  its  width.  This  water  back  here  is  not  exerting  a  pressure  against 
that  dam.  That  is  being  carried  on  the  ground  beneath  it.  It  is  the 
water  next  against  the  dam  which  makes  the  lateral  pressure.  The 
lateral  pressure  is  due,  in  other  words,  to  the  height,  and  to  the  height 
only. 

Senator  Morgan.  As  an  engineering  rule,  or  as  a  rule  of  hydraulics, 
how  far  from  the  Gatun  dam  would  that  pressure  extend?  Take  it  in 
feet  or  yards. 

Mr.  Larsons.  Theoretically,  no  distance  at  all. 

Senator  Morgan.  None  whatever? 

Mr.  Parsons.  None  whatever.  It  is  simply  a  question  of  the  height 
of  the  water  against  your  dam,  so  that  the  extent  of  the  lake  behind  it, 
back,  has  no  effect  upon  the  dam  itself. 

Senator  Morgan.  And  if  the  height  of  water — that  means  the  depth 
of  it — was  half  of  85  feet,  the  pressure  would  be  just  half  i 

Mr.  Parsons.  Just  half. 

Senator  Morgan.  And  «o  on  down— graded  on  down  in  that  way  i 

Mr.  Parsons.  Yes,  sir. 

Senator  Morgan.  It  depends  entirely^  upon  the  perpendicular? 

Mr.  Parsons.  It  depends  entirely  upon  the  perpendicular  height 
and  not  upon  the  lateral  distance  of  the  surface  of  tne  water. 

Senator  Morgan.  Then  every  foot  that  you  raise  the  water  above 
the  normal  level  adds  that  much  pressure  to  the  dam  ? 

Mr.  Parsons.  It  adds  that  much  pressure  to  the  dam. 

Senator  Morgan.  And  that  is  the  pressure  that  the  dam  has  to  with- 
stand? 

Mr.  Parsons.  That  is  the  pressure  that  the  dam  has  to  withstand* 

Senator  Hopkins.  What  is  that  pressure  per  foot? 

Mr.  Parsons.  One  hundred  feet  of  water  weigh  about  43i  pounds. 
So  you  see  that  it  is  a  little  less  than  half  a  pound  per  foot. 

Senator  Morgan.  I  have  no  further  questions  to  ask  with  respect  to 
that  matter.  It  looks  to  me  like  a  very  poor  substitute  for  Lake  Nica- 
ragua, however,  which  was  102  miles  long,  45  miles  across,  and  40  feet 
deep,  with  a  lake  above  it  25  miles  long  and  22  miles  wide  and  about 
50  feet  deep.  I  think  nature  or  the  Almightj-  has  done  more  for  us 
there  than  the  engineers  will  ever  be  able  U>  do  at  Panama. 
^  Senator  Hopkins.  Mr.  Parsons,  you  spoke  about  some  accident  occur- 
ring in  the  Manchester  locks  and  at  one  other  place.  The  conditions 
were  abnormal,  were  the^^  not,  at  the  time  of  the  accident  that  you 
spoke  of? 

Mr.  Parsons.  No,  sir;  no,  sir.  They  were  just  the  ordinary  con- 
ditions of  traffic. 

Senator  Hopkins.  How  did  the  accident  occur,  then,  if  the  condi- 
tions were  normal? 

Mr.  Parsons.  One  case  that  I  described,  to  show  how  an  accident 
may  occur,  was  when  the  wire  parted  between  the 

Senator  Knox.  He  has  been  all  over  that. 
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Senator  Hopkins.  Oh,  I  withdraw  the  question,  then.  You  have 
been  all  over  this  proposition,  have  you? 

Mr.  Parsons.  Yes,  sir. 

Senator  Hopkins.  Then  I  will  not  repeat  it.  Of  course  I  came  in 
later;  but  I  will  read  your  evidence. 

Senator  Dryden.  Mr.  Parsons,  the  statement  has  been  made,  I 
think,  that  a  lock  canal  can  be  completed  in  a  little  over  half  the  time 
that  a  sea-level  canal  can,  and  at  something  over  $100,000,000  less  in 
cost    Have  you  any  figures  upon  that  matter? 

Mr.  Pabsons.  1  think  that  the  time  for  the  construction  of  the  sea- 
level  canal  has  been  rather  overstated  in  that  estimate.  The  advocates 
of  the  sea-level  canal  felt  that  the  canal  could  be  constructed  in  from 
ten  to  eleven  years. 

In  the  hope  that  we  could  get  a  unanimous  vote  upon  that  period  of 
tinie  we  agreed  to  make  it  from  twelve  to  thirteen  years;  and  that 
resolution  stood,  which  I  considered,  in  my  judgment,  was  a  year  or 
more  too  much.  It  would  undoubtedly  take  a  longer  time  to  con- 
struct than  the  lock  canal,  but  I  do  not  think  anything  like  the  extent 
of  two  to  one.  In  the  construction  of  these  huge  locks,  with  all  their 
complicated  machinery,  which  would  have  to  be  built  up  step  by  step, 
1  think  the  chances  for  delay  are  quite  as  great  as  toe  chances  for 
delay  in  the  making  of  the  larger  excavation. 

(At  this  point  it  was  suggested  that  the  committee  take  a  recess 
until  2  o'clock  p.  m.) 

Senator  Uryden.  I  would  like,  before  that  is  done,  to  have  Mr. 
Pai-sons  tell  us  something  in  regard  to  the  question  of  cost. 

Mr.  Parsons.  The  same  thing  is  true  in  regard  to  the  question  of 
cost.  Both  estimates  were  made  on  substantially  the  same  basis,  that 
is  to  say,  the  same  basis  of  unit  prices.  After  they  were  completed 
the  same  allowance  was  made  of  20  per  cent  to  cover  the  question  of 
general  expenses  and  contingencies. 

If  you  will  look  at  the  figures  you  will  see  that  that  extra  allowance 
is  very  much  greater  in  connection  with  the  sea-level  canal  than  it  is 
with  the  lock  canal;  and  I  believe  that  in  that  extra  allowance  there  is 
a  very  much  bigger  margin  for  contingencies  than  there  is  in  the 
smaller  amount.  In  other  words,  when  you  get  to  dealing  with  con- 
structions of  such  a  vast  extent  as  this,  running  over  $100,000,000  or 
$200,000,000,  the  contingencies  are  not  in  proportion  to  the  total 
expense— that  is,  if  you  are  putting  up  a  structure  that  is  going  to 
cost  you  $100,000  you  might  very  easily  find  that  some  one  item  was 
^ing  to  run  up  the  expense,  but  when  you  come  to  deal  in  figures  of 
tfty  or  a  hundred  millions  you  will  find  that  while  one  item  will  over- 
run you  will  also  probablv  find  that  other  items  will  underrun,  and 
therefore  it  is  a  little  unfair  to  add  the  same  proportion  for  contin- 
gencies in  the  bigger  canal  that  you  add  in  the  smaller  canal. 

Senator  Dryden.  Have  you  any  information  as  to  the  probable 
daniage  that  the  Government  might  have  to  pay  for  lands  to  be 
submerged? 

Mr.  Parsons.  The  board  tried  to  make  some  estimates  on  that,  and 
finally  gave  it  up  as  something  that  could  not  be  estimated.  I  notice 
that  the  minority,  however,  did  attempt  to  make  such  an  estimate; 
and  they  put  in  their  report  an  estimate  of  a  comparative!}^  small  sum 
of  money. 
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My  own  experience  is  that  in  tiie  question  of  land  damages,  where 
lands  have  to  be  taken  by  condemnation,  the  cost  is  alwaj's  far  in 
excess  of  the  original  estimates,  and  we  have  already  had  some  expe- 
rience of  our  own  in  that  regard  in  the  taking  of  lands  in  Panama. 
If  the  committee  call  General  Davis,  who  was  governor  of  the  Isthmus 
for  over  a  year,  I  think  you  can  get  from  him  some  very  valuable 
information  on  that  point,  in  the  way  of  showing  just  exactly  what 
lands  have  cost  the  United  States  Government  by  condemnation  as 
against  what  those  lands  were  actually  sold  for  by  private  sale. 

I  think,  therefore,  that  you  will  find  that  in  submerging  the  lands 
to  the  extent  that  the  minority  plan  calls  for,  there  would  be  a  very, 
very  large  addition  to  the  estimated  expense. 

Senator  Knox.  What  is  the  character  of  that  land? 

Mr.  Parsons.  The  land  itself  is,  to  a  great  extent,  uncultivated. 

Senator  Knox.  Is  it  inhabitated  ? 

Mr.  Parsons.  It  is  along  the  line  of  the  railroad;  and  all  the  little 
villages  along  the  lines  of  the  railroad  would  be  submerged. 

Senator  Hopkins.  Let  me  ask  you  right  there,  Mr.  Parsons,  if  the 
land  does  not  belong  to  the  railroad  company,  and  if  those  buildings 
are  not  occupied  by  tenants  rather  than  owners  in  fee? 

Mr.  Parsons.  In  some  cases  that  is  true.  In  other  cases  it  is  not, 
and  you  will  find  that  you  would  have  to  dispossess  a  great  many  of 
the  inhabitants. 

Senator  Kittredge.  In  either  case  the  land  would  be  lost,  would 
it  not? 

Mr.  Parsons.  In  either  case  the  land  would  be  lost;  but  in  the  one 
case  you  would  have  to  pay  for  it — you  would  have  to  buy  it  from  the 
present  owners;  and  the  experience  of  the  United  States  Government 
so  far  has  been  very  unpleasant  in  regard  to  all  forced  purchases  of 
land. 

Senator  Hopkins.  Have  you  any  figures,  or  did  your  committee  make 
any  figures,  as  to  the  proportion  of  land  along  the  railroad  there  that  is 
occupied  by  parties  where  they  would  have  to  settle  with  people  who 
would  claim  to  be  owners  in  fee  rather  than  tenants? 

Mr.  Parsons.  I  think  a  statement  of  that  sort  is  incorporated  in  the 
report;  but  the  land  that  is  privately  owned  that  would  be  expensive 
to  acquire  is  that  which  lies  along  the  railroad  and  which  would  be 
overflowed  by  these  big  lakes,  taking  the  village  of  Gratun,  for  instance. 

Senator  Kittredge.  In  addition  to  that,  Mr.  Parsons,  the  testimony 
of  Judge  Magoon  is  in  point. 

Mr.  Parsons.  And  the  testimony  of  Judge  Magoon  is  in  point.  I 
think  General  Davis  can  give  you  some  figures  or  lands  that  we  have 
been  obliged  to  purchase  m  the  neighborhood  of  Panama;  and  I  think 
you  can  see  at  once  there  that  if  that  ratio  of  probable  values  to  actual 
cost  is  to  be  maintained  over  the  rest  of  the  line,  there  would  be  a  very, 
very  large  bill  to  pay. 

The  Chairman.  Mr.  Parsons,  the  land  purchased  there  at  Panama 
would  be  considerably  more  valuable  than  that' here,  would  it  not. 

Mr.  Parsons.  It  is  to  be  hoped  so;  or,  mther,  it  is  to  be  hoped  that 
the  land  you  would  have  to  purchase  along  the  Zone  would  be  less 
expensive  land  than  what  vou  bought  in  Panama;  otherwise  you  could 
save  a  good  many  hundred  million  dollars  by  building  a  sea-level  canal. 
Senator? 
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Senator  Taliaferro.  Mr.  Parsons,  did  you  read  the  testimony  of 
Mr.  Burr  on  the  question  of  the  value  of  tnese  lands? 

Mr.  Parsons.  1  do  not  think  I  did.  I  have  not  seen  Professor  Burr's 
third  day's  testimony.  I  have  had  the  first  two,  but  I  have  missed  his 
third  day.  I  came  on  from  New  York  yesterday,  and  I  think  it  arrived 
there  yesterday.     I  think  it  crossed  me. 

Senator  Taliaferro.  He  thought  that  the  demand  for  these  lands, 
in  case  the  Government  determined  to  acquire  them,  would  be  very 
extravagant? 

Mr.  Parsons.  That  is  what  I  am  saying  now.  I  do  not  think  there 
is  any  doubt  about  that.  I  think  that  the  estimate  that  the  minority 
have  made  is  wholly  out  of  proportion — wholly  out  of  proportion. 

Senator  Taliaferro.  I  think  he  estimated  that  the  cost  of  those 
lands  would  run  up  to  about  eighteen  millions  on  the  basis  of  what  the 
people  there  have  required  the  Commission  to  pay. 

Mr.  Parsons.  We  started  to  make  some  figures  in  the  board,  but 
we  finally  gave  it  up.  We  found  that  if  we  were  to  take  any  such 
ratio  as  had  lately  been  the  rule,  it  carried  us  away  up  into  the  mil- 
lions, and  we  gave  it  up. 

Senator  Kittredge.  How  far  into  the  millions,  Mr.  Parsons? 

Mr.  Parsons.  We  got  up  into  five  figures,  ten  millions  and  odd,  and 
we  stopped.  It  led  us  to  a  figure  that  was  almost  ridiculous,  and  a 
figure  tnat  it  would  certainly  he  inadvisable  to  put  in  an  official  report, 
because  it  would  probably  be  taken  as  evidence  of  what  we  considered 
the  value  of  the  land— not  what  we  feared  the  land  might  cost,  but 
what  we  considered  the  value  of  the  land;  and,  therefore,  we  decided, 
as  a  matter  of  policy,  not  to  put  it  in. 

The  Chairman.  Did  you  make  your  estimates  on  the  same  basis  that 
you  had  paid  for  land  about  Panama? 

Mr.  Parsons.  No,  sir;  because  that  would  have  very  greatly 
exceeded  the  $10,000,000.  We  made  an  estimate  as  to  what  land  had 
cost  lip  in  that  country,  and  then  applied  the  same  ratio  of  Panama  to 
it.  We  tried  to  work  it  in  that  way,  and  then  we  also  took  lands 
where  the  natives  had  asked  prices,  where  they  had  set  values  upon 
it  as  to  what  they  were  willing  to  sell  for;  but  we  gave  it  up  as  some- 
thing that  it  was  utterly  impossible  to  estimate. 

The  Chairman.  There  is  one  question  1  would  like  to  ask  you,  Mr. 
Parsons,  iust  here.  Do  you  recall,  without  looking,  the  length  of  the 
locks  in  the  Kiel  Canal? 

Mr.  Parsons.  I  know  just  where  that  information  is;  I  can  give  it 
to  you  in  one  second.  Senator. 

the  available  length  is  492  feet,  and  the  width  is  82  feet.  At  the 
Kiel  Canal  they  have  two  tidal  locks,  one  at  each  end,  simply  to  take 
up  the  tidal  variations  in  the  Baltic  and  North  seas. 

Senator  Taliaferro.  Mr.  Parsons,  was  there  any  division  in  the 
Board  of  Consulting  Engineers  on  the  question  of  the  possibility  of 
constructing  this  sea-level  canal  on  the  Imes  laid  down  by  the  board? 

Mr.  Parsons.  No,  sir. 

Senator  Taliaferro.  The  objections  were  what? 

Mr.  Parsons.  The  objections  were  that  it  would  cost  too  much,  both 
in  time  and  money. 

Senator  Taliaferro.  And  that  it  would  involve  delay  to  vessels  in 
crossing  the  Isthmus;  but  do  not  the  minority  contend  that  the  lock 
canal  affords  a  quicker  transit? 
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Mr.  Parsons.  Yes;  but  I  should  like  to  take  decided  exception  to 
that  statement. 

Senator  Taliaferro.  Will  you  explain  your  views  on  that  point  to 
the  committee,  if  you  have  not  gone  over  it  already? 

Mr.  Parsons.  I  have  not  gone  over  it. 

The  minority  gave  its  views  on  that  subject  on  pages  85  and  86  of 
their  report;  and  they  have  taken  for  the  boats  the  mrgest-size  pas- 
senger steamers  passing  between  western  Europe  and  the  Onent 
through  the  Suez  Canal.  Those  boats  are  of  two  types,  one  540  feet 
long  by  60  feet  beam  by  32  feet  draft,  and  the  other  700  feet  long  by 
75  feet  beam  by  37  feet  draft.  With  ten  ships  per  day  of  the  first 
type  they  estimated  that  it  would  take  eight  and  nine-tenths  hours  for 
that  vessel  to  pass  through  the  sea-level  canal,  and  nine  and  five-tenths 
hours  to  pass  through  the  lock  canal.  With  the  larger  type  vessel, 
ten  vessels  a  day,  it  would  take  eleven  and  six-tenths  hours  to  pass 
through  the  lock  canal  and  ten  and  five-tenths  hours  to  pass  through 
the  sea-level  canal;  and  with  thirty  ships  per  daj^  it  woula  take  longer, 
according  to  their  computations,  to  go  through  the  lock  canal  than  to 
go  through  the  eea-level  canal. 

They  have  assumed  for  comparison  not  the  ordinary  type  of  ship  of 
commerce,  in  the  first  place,  but  the  extreme  vessel  of  tne  large  pas- 
senger type,  which,  in  the  first  place,  I  do  not  think  is  a  fair  compari- 
son to  make.  The  second  thing  is  that  they  have  assumed  all  sorts  of 
delays  in  passing  through  the  sea-level  canal;  that  those  vessels  have 
to  stop  and  tie  up,  and  in  the  lock  canal  that  the  locks  are  all  ^oing  to 
work  without  any  delays;  that  they  are  all  going  to  be  in  ser\4ce,  and 
that  the  vessels  are  going  to  be  put  through  the  locks  on  schedule 
time. 

Senator  Taliaferro.  In  other  words,  they  charge  delays  to  the  sea 
level  canal,  and  take  ideal  conditions  for  the  lock  canal? 

Mr.  Parsons.  And  take  ideal  conditions  for  the  lock  canal.  I  do 
not  think  that  that  is  a  fair  presentation  of  the  case  at  all. 

The  ordinary  type  of  vessel,  the  ordinary  vessel  of  commerce,  the 
ocean  tramp  steamer  (which  will  form,  of  course,  the  great  bulk  of  the 
travel  through  the  Panama  Canal),  is  a  boat  that  is  about  450  feet  long, 
from  45  to  50  feet  beam,  and  that  draws  from  27  to  28  feet  of  water. 
Those  boats  will  be  able  to  pass  anywhere  in  a  canal  150  feet  in  width. 

Senator  Kittredge.  At  what  speed,  Mr.  Parsons? 

Mr.  Parsons.  Probably  one  of  them  would  stop  and  allow  the  other 
to  go  by  at  speed,  but  the  present  Suez  Canal  (and  in  considering  this 
whole  question,  gentlemen,  I  do  not  think  1  can  do  any  better  than  to 
urge  you  to  keep  in  mind  the  Suez  Canal)  has  now  a  width  on  the 
bottom  of  118  feet  and  a  width  in  the  passing  places  of  147  feet.  That 
canal  is  now  being  widened  by  connecting  the  passing  places,  so  that 
it  is  to  have  a  bottom  width  of  147  feet. 

In  other  words,  the  Suez  Canal,  when  widened,  will  be  narrower 
than  the  proposed  Panama  canal;  and  they  expect  that  all  ordinary 
vessels  will  be  able  to  pass  through  that  canal.  In  other  words,  they 
expect  that  width  to  make  that  canal  a  ^'double- track"  canal. 

xhe  Chairman.  Without  stopping  either  one  of  the  ships? 

Mr.  Parsons.  The  ordinary  small  vessels  may  expect  to  go  right  by 
without  estopping.  Other  vessels,  of  course,  would  have  to  stop.  They 
would  stop  one  and  let  the  other  go  by.  In  other  words,  vessels  going 
one  wa\'  would  have  the  right  of  way. 
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The  Chairman.  When  a  boat  stopped,  would  it  necessarily  have  to 
be  tied  np? 

Mr.  Parsons.  I  think  that,  again,  depends  largely  upon  the  size  of 
the  vessel.  If  you  are  going  to  pass  through  two  Cunarders,  or  if  you- 
are  going  to  pass  through  a  couple  of  battle  ships,  then  of  course  you 
have  to  take  special  precautions,  and  undoubtedly  you  would  make  one 
of  them  tie  up.  Probably  a  big  battle  ship  going  through  would  insist 
that  all  other  vessels  should  be  tied  up.  They  steer  badly,  and  espe- 
cially steer  badly,  in  restricted  waters. 

Tfce  Chairman.  The  difference  in  time,  then,  in  either  of  the  plans 
is  not  great? 

Mr.  Parsons.  The  difference  in  time  is  not  great;  but  taking  the 
loss  of  time  at  the  locks  in  passing  through  one  flight  of  three  locks,  one 
flight  of  two  locks,  and  a  single  lock,  allowing  50  per  cent  in  addition 
to  the  theoretical  time,  it  works  out  a  loss  of  time  of  something  over 
four  hours  (about  four  hours  and  ten  minutes)  in  passing  through  the 
lock  canal. 

Senator  KiTTREDGE.  Explain  what  you  mean  by  that.  I  do  not 
quite  understand  where  the  loss  comes  in. 

Mr.  Parsons.  The  loss  comes  in,  in  the  first  place,  in  that  a  vessel 
approaching  a  lock  has  to  slow  down;  then  sne  has  to  stop;  then 
she  has  to  start  aeain  and  enter  the  first  lock;  then  the  gates  nave  to 
be  closed;  then  she  has  to  be  made  fast;  then  the  water  has  to  be 
withdrawn  from  the  locks;  then  the  lines  have  to  be  cast  off;  then 
the  gates  have  to  be  opened;  then  she  has  to  start  ahead  slowly,  and 
if  there  are  locks  in  flight  she  has  to  move  ahead  at  a  very  slow  speed 
and  stop  in  the  next  lock,  and  then  all  this  operation  has  got  to  be 
repeatea. 

iCach  one  of  those  steps  takes  considerable  time,  so  that  (basing  the 
computations  upon  the  computation  as  g^ven  in  great  detail  in  the 
report  of  the  milker  Commission,  which  you  will  nnd  fully  set  forth 
on  page  267  of  that  report)  it  would  take  an  hour  and  thirty- three 
minutes  to  pass  three  locks  in  flight.  In  other  words,  it  woula  take  a 
vessel  an  hour  and  thirty-three  minutes  to  go  through  the  Gatun  locks, 
theoretically,  and  that  is  substantially  corroborated  by  the  Noble- 
Ripley  computation,  as  given  in  the  appjendix  to  the  consulting  engi- 
neers' report,  that  vessels  could  follow  in  that  lock  at  an  interval  of 
fifty  minutes,  because  at  the  end  of  the  fifty  minutes  the  first  vessel 
would  still  be  in  process  of  locking  in  the  lower  lock.  So  that  those 
two  computations  are  substantially  the  same. 

That  is  the  theoretical  time.  If,  therefore,  j'ou  add  to  that  50  per 
cent  to  allow  for  the  inevitable  delays,  that  everything  will  not  work 
exactly  on  time,  it  will  make  a  period  of  two  hours  and  nineteen  minutes 
for  a  steamer  to  pass  those  three  locks. 

Senator  Kittredge.  And  then  there  would  be  the  same  delay  on 
the  other  side  i 

Mr.  Paksons.  On  the  other  side  it  would  be  rather  worse.  In  the 
first  place,  the  vessel  has  to  pass  the  double  flight  of  locks,  which 
again  (allowing  50  per  cent  in  addition  to  the  theoretical  time)  would 
take  her  an  hour  and  thirty-one  minutes.  Then  she  has  to  pass  the 
single  lock,  which  would  take  fifty  minutes;  so  that  to  pass  the  single 
lock  and  the  double  lock  would  take  two  hours  and  twenty-nine  min- 
utes. In  other  words,  it  would  take  her  ten  minutes  longer  te  pass 
the  separate  locks  than  it^would  to  pass  the  locks  in  flight.     That  is  due 
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to  the  fact  that  a  vessel  in  approaching  a  lock  has  to  slack  her  speed 
some  distance  down  before  she  stops;  whereas  when  the  locks  are  quite 
close  together  that  loss  is  saved  in  passing  from  one  lock  to  the  other. 
So  that  altogether  the  total  time  taken  in  passing  the  single  lock,  the 
double  lock,  and  the  triple  lock  would  be  four  hours  and  forty-eight 
minutes. 

It  would  take  the  vessel  at  her  normal  rate  of  speed,  say,  thirty-eight 
minutes  to  pass  that  same  distance  if  she  had  been  allowed  to  steam 
ahead  at  her  ordinary  rate  of  speed.  That,  of  course,  is  to  be  deducted. 
So  that  the  actual  time  lost  can  ]>e  taken  at  about  four  hours  and  ten 
minutes  as  the  time  actually  lost  in  passing  the  locks. 

Now,  then,  if  a  vessel  is  making  6  miles  an  hour,  you  see,  she  would 
have  gone  25  miles  in  that  time.  She  would  be  halfway  across  the 
Isthmus  in  the  time  that  a  vessel  would  take  in  going  through  the  locks. 

Senator  Knox.  That  does  not  mean,  however,  that  when  vessels  are 
going  through  a  flight  of  locks  there  is  a  loss  of  service  to  other  ves- 
sels for  that  entire  length  of  time  if 

Mr.  Parsons.  No;  as  I  have  pointed  out,  two  vessels  could  b^e  in  a 
flight  of  three  locks  at  the  same  time. 

Senator  Knox.  Yes. 

Mr,  Parsons.  But  that  is  the  time  taken  by  any  single  vessel.  She 
loses  over  four  hours  in  going  through  the  locks  of  a  lock  canal. 

Senator  Taliaferro.  Is  it  considered  altogether  safe,  Mr.  Parsons, 
to  put  two  of  those  large  vessels  in  that  flight  of  locks  at  the  same  time? 

Mr.  Parsons.  No;  I  do  not  consider  that  the  three  locks  are  safe  at 
all,  gentlemen.  I  want  to  be  distinct  about  that.  1  have  kept  repeat- 
ing that.  I  consider  that  the  three  locks  in  flight  are  radicall}^  and 
fundamentally  wrong.  I  want  to  be  just  as  positive  on  that  point  as  I 
possibly  can  be,  and  I  want  to  say  that  if  the  Government  undertakes 
to  build  locks  in  flight  I  want  it  to  be  understood  here  now — I  want  to 
go  on  the  record  to  that  effect — that  it  is  against  my  emphatic  protest 
as  a  matter  of  safety. 

Senator  Taliaferro.  Are  any  locks  in  flight  now  in  use  on  any  of 
the  canals  that  you  know  of? 

Mr.  Parsons.  No;  I  think  on  all  the  big  canals  they  are  all  separated. 
Of  course  on  the  small  canals,  where  canal  boats  go  through,  they  are 
frequently  combined,  but  there  there  is  no  great  danger.  If  an  acci- 
dent occurs  it  does  not  make  any  difference. 

Senator  Taliaferro.  Was  there  any  exception  on  the  part  of  the 
minority  to  the  estimate  of  cost  of  this  sea-level  canal  as  fixed  by  the 
board  ? 

Mr.  Parsons.  No;  they  have  made  no  protest  on  that  in  their 
report,  and  in  our  discussions  they  accepted  that  as  a  fair  estimate  of 
cost,  just  as  we  accept  in  general  the  estimate  of  cost  that  they  have 
made  for  their  lock-canal  scheme. 

Senator  Taliaferro.  And,  as  I  understand,  the  majority  rather 
extended  the  time  that  they  supposed  would  be  required  to  construct 
this  sea-level  canal,  in  order  to  get  a  unanimity  of  expression  on  the 
subject  from  the  Board? 

Mr.  Parsons.  We  tried  to  get  unanimity  of  expression  on  the 
subject. 

Senator  Knox.  The  situation  would  be  rather  hopeless  for  us,  Mr. 
Parsons,  would  it  not,  if  upon  a  given  work  there  should  be  very  much 
variation  in  your  estimates  as  to  cost? 
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Mr.  Parsons.  Oh,  yes.  I  do  not  think  that  there  is  any  difference. 
As  we  have  stated  in  our  report,  independent  of  the  work,  a  committee 
was  appointed  and  prepared  a  statement  of  the  unit  prices,  as  to  what 
were  fair  prices  for  the  doing  of  the  work.  Those  prices  were  sub- 
mitted to  the  board  and  were  discussed  by  the  board,  and  the  board 
Diade  certain  amendments,  and  1  think  as  it  appears  in  the  record  that 
report  stands  practically  without  amendment.  The  amendments  were 
made  unofficially,  the  committee  accepted  the  amendments  that  were 
made,  and  incorporated  those  amendments  in  the  report. 

Senator  Knox.  Then  you  substantially  agree  as  to  cost  and  as  to 
time? 

Mr.  Parsons.  No;  the  minority  differ  with  us  as  to  the  time  of  build- 
ing the  sea-level  canal.  They  say  in  their  report  that  they  think  the 
majorit}^  erred  in  that  respect,  and  1  think  thej'^  put  down  a  period  of 
fifteen  years. 

Senator  Knox.  Yes. 

Mr.  Parsons.  They  dissented;  we  failed  to  get  in  agreement  on 
that  point.  We  voted-  unanimously  in  regard  to  the  length  of  time 
it  would  take  to  build  this  lock  plan  or  any  lock  plan.  I  do  not  think 
the  time  differs  very  much  in  regard  to  that.  So  that  we  agreed  unan- 
imously on  that,  and  there  is  no  difference  in  regard  to  the  total  cost 
of  the  canal.  It  may  be  that  individuals  will  differ  in  regard  to  the 
details.  Some  of  us  think  that  certain  details  are  possibly  a  little  too 
high  or  a  little  too  low;  but  in  general,  we  accept  each  others'  figures 
in  regard  to  the  money  cost. 

Senator  Hopkins*  But  you  say,  Mr.  Parsons,  that  the  minority  did 
not  accept  your  figures  as  to  the  length  of  time  it  will  take  to  construct 
a  sea-level  canal? 

Mr.  Parsons.  No;  they  say  it  will  take  fifteen  years. 

Senator  Hopkins.  And,  as  I  understand,  the  majority,  who  united 
on  thirteen  years,  only  took  that  figure  as  a  compromise  among  them- 
selves? 

Mr.  Parsons.  We  tried  to  compromise  with  the  others. 

Senator  Hopkins.  Yes.  Now,  you  think  that  eleven  years  would 
be  a  sufficient  time? 

Senator  Taliaferro.  One  moment,  Senator,  before  he  answers  this 
question.  I  want  to  call  his  attention  to  Mr.  Burr's  testimony  on  the 
subject  and  see  if  they  are  in  agreement. 

Senator  Hopkins.  1  will  develop  that. 

Senator  Taliaferro.  Go  ahead,  then. 

(By  request  the  stenographer  read  aloud  the  pending  question  asked 
by  Senator  Hopkins.) 

Mr.  Parsons.  I  think  eleven  years  is  a  sufficient  time. 

Senator  Hopkins.  What  was  the  greatest  length  of  time  that  any 
member  of  the  majority  thought  it  would  take,  but  finally  compro- 
mised with  you  on  thirteen  years? 

Mr.  Parsons.  From  eleven  to  twelve. 

Senator  Hopkins.  How  did  they  compromise  on  thirteen,  then  ? 

Mr,  Parsons.  We  tried  to  compromise  with  the  minority. 

Senator  Hopkins.  Oh,  with  the  minority.     I  see. 

Mr.  Parsons.  We  tried  to  compromise  with  the  other  side. 

Senator  Hopkins.  Yes;  that  was  what  1  was  getting  at.  Then  the 
compromise  on  thirteen  years  in  your  report  is  not  a  compromise  by 
the  members  of  the  majority  ? 
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Mr.  Paksons.  No,  no.  We  all  added  to  that  in  order  to  try  to  com- 
promise with  the  others. 

Senator  Hopkins.  You  fixed  on  thirteen  years  and  tried  to  get  the 
minority  to  do  so? 

Mr.  LARSONS.  We  tried  to  get  the  minority  to  come  down  to  that 
figure. 

Senator  Hopkins.  To  agree  with  you  that  it  would  take  no  longer 
than  thirteen  years? 

Mr.  Parsons.  Yes,  and  they  refused  to  compromise;  but,  having 
offered  to  compromise,  we  let  it  go. 

Senator  Hopkins.  Yes.  What  number  of  years,  if  you  remember, 
did  Professor  Burr  estimate  it  would  take? 

Mr.  Parsons.  Ten  years;  I  think  he  puts  it  at  about  ten  j'^ears. 

Senator  Taliaperro.  Mr.  Parsons,  were  not  these  estimates  as  to 
the  time  required  to  build  the  sea-level  canal  based  on  the  idea  that 
there  would  be  one  shift  a  day  of  eight  hours? 

Mr.  Parsons.  Yes. 

Senator  Taliaferro.  In  the  first  place,  can  not  the  work  be  more 
rapidly  done? 

Mr.  Parsons.  I  think  it  can  be. 

Senator  Taliaferro.  And  just  as  cheaply,  working  two  shifts  a 
day,  for  instance,  instead  of  one? 

Mr.  Parsons.  I  think  that  any  competent  contractor  who  had 
charge  of  that  work  would  work  at  least  two  shifts  a  day. 

Senator  Taliaferro.  If  that  were  done,  would  it  not  reduce  the 
time  that  you  have  estimated  for  the  completion  of  that  canal  below 
ten  years? 

Mr.  Parsons.  I  think  it  possibly  would;  I  should  be  hopeful  of  it; 
but  I  want  to  state  figures  that  I  feel  quite  sure  of.  In  other  words, 
I  want  to  state  such  figures  that  if  a  party  came  to  me  and  asked  me 
for  my  advice  as  to  taking  a  contract  for  the  doing  of  that  work,  I  could 
say  to  him:  "Now,  I  know  it  should  not  cost  you  more  than  that, 
either  in  time  or  in  money."  Then  I  should  go  to  work  and  figure 
on  using,  the  greater  part  of  the  year  at  any  rate,  two  shifts,  and 
endeavor  to  get  the  work  done  in  vor}^  much  less  than  eleven  years  of 
time. 

Senator  Taliaferro.  In  arriving  at  this  unit  of  cost,  did  you  con- 
sider the  additional  depth  of  excavation  that  would  be  required  in  the 
sea-level  plan? 

Mr.  Parsons.  Yes;  and  we  took  that  into  account  all  the  way  through 
those  estimates. 

Senator  Hopkins.  Did  you  estimate  an  increased  cost  per  cubic  yard 
in  your  excavations  as  you  descended,  or  was  it  at  the  same  i*atio  all 
the  way  down? 

Mr.  Parsons.  The  greater  part  of  the  excavation,  of  course,  comes 
in  the  Culebra  cirt,  and  there  we  assumed  a  cost  of  excavation  above 
elevation  plus  ten,  and  below  elevation  plus  ten. 

Senator  Kittredge.  Explain  what  you  mean  b}^  that. 

Mr.  Parsons.  In  other  words,  above  or  below  a  plane  10  feet  above 
mean  sea  level. 

Senator  Hopkins.  Yes. 

Mr.  Parsons.  Above  that,  the  tracks  would  be  running  downward, 
and  the  material  would  come  down  to  the  sea-level,  the  level  of  the 
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eround  below,  by  gravity.  The  ^ound  cut  could  be  made  to  self- 
drain,  and  the  work  woula  proceed  in  the  simplest  possible  manner. 

Below  that  plane  the  excavations  would  have  to  be  pumped,  and  the 
material  would  have  to  be  hauled  up  from  an  excavation  to  the  surface 
of  the  adjacent  ground,  and  the  work  would  be  carried  on  within 
restricted  limits,  of  course  adding  to  the  cost. 

Senator  Taliaferro.  You  considered  all  that? 

Mr.  Parsons.  That  was  all  taken  into  account,  and  we  divided  on 
the  plane  of  10  feet  above  mean  sea  level. 

Senator  Hopkins.  Have  you  the  figures  so  that  you  can  tell  us  to-day 
what  you  figured  on  excavations  per  cubic  yard  10  feet  below  sea  level  ? 

Mr.  Parsons.  That  is  right  here.  I  think  I  can  give  you  the  whole 
thing. 

Senator  Kittredoe.  It  is  in  the  report,  is  it  not? 

Mr.  Parsons.  That  is  all  in  the  report. 

Senator  Hopkins.  And  20  feet  below,  and  30  feet,  40  feet,  and  so  on? 

Mr.  Parsons.  We  divided  at  elevation  plus  10;  we  averaged  it  all 
above  plus  10  and  averaged 

Senator  Hopkins.  L^ve  out  that  ''elevation  plus  10."  What  I 
want  to  get  at  is  whether  you  estimated  the  expense  of  the  excavation 
of  a  cubic  yard  20  feet  below  sea  level  at  the  same  price  that  you  did 
the  excavation  of  a  cubic  yard  10  feet  below  sea  level  ? 

Mr.  Parsons.  We  averaged  everything. 

Senator  Hopkins.  Did  you  do  that? 

Mr.  Parsons.  No,  sir;  we  made  no  attempt  to  separate  it,  minus  20 
or  minus  30  or  minus  40,  but  we  took  everything  below  the  plane  of 
plus  10  and  averaged  the  cost. 

Senator  Hopkins.  At  what  figure  did  you  fix  the  coat  of  the  exca- 
vatiofi  of  a  square  yard  10  feet  below  sea  level  at  the  Culebra  cut? 

Mr.  Parsons.  It  was  $1.25,  I  believe. 

Senator  Hopkins.  One  dollar  and  twenty-five  cents  a  cubic  yard? 

Mr.  Parsons.  Yes,  sir. 

Senator  Hopkins.  Then  20  feet  below,  how  much  would  it  be  a 
cubic  yard  ? 

Mr.  Parsons.  We  estimated  it  at  $1.25. 

Senator  Hopkins.  And  40  feet  below  ? 

Mr.  Parsons.  W" e  estimated  it  at  $1.25. 

Senator  Hopkins.  That  is  what  I  wanted  to  get  at.  That  answers 
my  question. 

Senator  Taijaferro.  Now,  Mr.  Parsons,  I  am  going  to  ask  you  to 
explain  fulW  to  the  committee  what  you  tried  to  do  in  answer  to  Sen- 
ator Hopkins'  question — how  you  arrived  at  that;  if  it  was  not  bv  an 
average  of  the  cost  from  the  deepest  elevation  up  to  the  sea  level? 

Mr.  Parsons.  It  wAs,  sir.  In  other  words,  for  everything  below 
plus  ten,  the  elevation  at  which  we  figured  we  would  have  to  begin  to 
pamp,  we  averaged  it  down  to  the  bottom  of  the  sea-level  canal. 

Senator  Taliaferro.  Yes. 

Mr.  Parsons.  In  the  same  way,  for  everything  above  elevation  plus 
ten  to  the  top  of  the  cut,  we  averaged  it.  As  a  matter  of  fact,  any 
one  particular  cubic  yard  at  any  particular  depth  would  probably  not 
vary  very  much  after  you  have  to  establish  a  pumping  plant  and  after 
you  have  to  do  certain  things.  The  change  in  cost  between  removing 
a  cubic  yard  at  the  depth  of  15  feet  and  removing  one  at  25  feet  is  not 
very  much. 
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Senator  Taliaferro.  Did  the  minority  apply  the  same  price? 

Mr.  Parsons.  The  minority  applied  the  same  price,  except  that  in 
the  Culebra  Cut,  you  see,  they  oia  not  have  any  excavation  below  the 
elevation  plus  ten. 

Senator  Taliaferro.  They  agreed  with  you? 

Mr.  Parsons.  Oh,  yes;  they  accepted  these  figures.  These  figures 
that  we  used,  which  are  set  forth  in  detail  in  the  report,  were  sub- 
mitted to  the  Board  as  a  whole  and  were  discussed  by  the  Board  as  a 
whole,  and  they  were  finally  accepted.  Certain  amendments  were 
made,  but  they  were  finally  accepted  by  the  Board  as  representing  our 
best  general  judgment,    v 

Senator  Taliaferro.  Under  the  minority  plan  for  the  lock  canal, 
is  there  any  excavation  along  the  line  below  plus  10? 

Mr.  Parsons.  Not  in  the  Culebra  cut;  north  and  south  of  the  Cule- 
bra cut  there  is.  Then  we  applied  different  rates  there,  varying  all 
the  way  from  15  cents  to  $2.50. 

Senator  Taliaferro.  You  think,  Mr.  Parsons,  of  course,  that  the 
estimates  of  cost  made  by  the  Board  of  Consulting  En^neers  are  safe? 

Mr.  Parsons.  I  do  not  think  there  is  any  doubt  of  it,  sir. 

Senator  Taliaferro.  They  are  outside  figures? 

Mr.  Parsons.  I  think  they  are  outside  figures. 

Senator  Taliaferro.  With  the  work  properly  done? 

Mr.  Parsons.  I  think  they  are,  with  the  work  properly  done.  In 
other  words,  they  are  such  figures  that  if  anybody  came  to  me  to  ask 
whether  it  would  be  safe  to  take  that  work  at  those  figures,  I  should 
say,  unhesitatingly,  "Yes;"  and  as  that  is  my  business,  I  want  to  have 
those  figures  safe  in  giving  advice. 

Senator  Knox.  You  mean  that  you  would  advise  them  to  take  it  as 
a  commercial  proposition,  there  being  a  profit  in  it  to  them  for  doing 
it  at  that  price? 

Mr.  Parsons.  Yes,  sir;  yes,  sir. 

Senator  Knox.  A  reasonable  profit? 

Mr,  Parsons.  Yes,  sir.  In  otner  words,  if  the  Isthmian  Canal  Com- 
mission should  advertise  for  a  lump  sum  bid,  for  instance  (I  will  take 
the  worst  possible  case),  to  construct  the  canal  from  ocean  to  ocean, 
with  the  breakwaters  and  the  dams  and  the  locks,  etc.,  I  should  unhesi- 
tatingly advise  a  contractor  to  take  the  contract  at  the  price  mentioned 
in  this  report. 

Senator  Kittredge.  Do  you  advise  the  performance  of  this  work  by 
contract? 

Mr.  Parsons.  Unquestionably,  sir. 

Senator  Kittredge.  Why  ? 

Mr.  Parsons.  For  reasons  of  economy,  both  in  time  and  money. 
I  think  you  will  get  very  much  cheaper  results  and  I  think  you  will 
get  very  much  quicker  results. 

Senator  Hopkins.  Then,  if  it  is  an  economy  in  money,  you  would 
expect  that  the  contract  would  be  taken  at  less  than  the  figures  given? 

Mr.  Parsons.  I  do  not  think  the  United  States  Government,  doing 
it  by  day  labor,  can  build  either  canal  for  the  estimate  named.  I 
would  withdraw  those  figures  if  it  is  to  be  attempted  to  be  done  by  the 
United  States  Government. 

Senator  Hopkins.  Then  your  figures  are  based  on  the  idea  that  it  is 
to  be  done  by  contract? 
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Mr.  Parsons.  My  figures  are  based  on  the  idea  that  it  is  to  be  done 
by  contract. 

Senator  Taliaferro.  But  they  include  a  proper  and  reasonable 
profit? 

Mr.  Parsons.  They  include  a  proper  and  reasonable  profit  to  the 
contractor.  In  other  ivords,  I  consider  that  those  are  fibres  that 
should  be  realized  if  you  should  ask  for  bids. 

The  Chairman.  Would  you  expect  a  contractor  to  use  the  kind  of 
labor  that  is  beine  used  there  now  if  he  should  undertake  this  work? 

Mr.  Parsons.  1  should  not  want  to. 

Senator  Hopkins.  1  take  it,  Mr.  Parsons,  that  your  statement  about 
private  contracts  and  the  profit  there  would  be  in  them  would  mean 
that  vou  would  give  the  contractor  a  free  hand  in  employing  his  own 
labor? 

Mr.  Parsons.  He  must  have  that;  he  must  have  that. 

Senator  Hopkins.  Both  as  to  the  character  of  labor  employed  and 
the  time  that  the  labor  works  per  day  ? 

Mr.  Parsons.  Within,  of  course,  reasonable  policing  regulations; 
that  they  should  be  properlj'  housed  and  cared  for.  That,  of  course, 
the  Government  would  natumlly  insist  upon,  and  very  properly  insist 
upon. 

Senator  Hopkins.  You  would  not  want  to  limit  him  to  eight  hours 
a  day  ? 

Mr.  Parsons.  No;  I  should  want  to  have  the  right  to  work  at  least 
ten  hours  a  day,  and  I  do  not  think  it  is  any  hardship  on  a  man  to 
work  ten  hours' a  da  v. 

The  Chairman,  i  ou  would  want  to  get  your  labor  where  you  could 
get  it  the  best^ 

Mr.  Parsons.  Where  I  could  get  it  the  best;  not  necessarily  the 
cheapest,  but  the  best. 

Senator  Taliaferro.  In  arriving  at  your  estimates  of  cost,  you  con- 
sidered that  this  work  was  to  be  done  by  the  labor  they  have  there 
now,  1  presume,  or  you  took  that  into  account? 

Mr.  Parsons.  We  took  that  into  account;  yes.  We  assumed  that 
they  would  have  to  work  largely  the  laborers  there  and  on  the  basis 
of  eight  hours. 

Senator  Taliaferro.  So  that  better  labor  and  longer  hours  would 
correspondingly  reduce  the  time  required  to  build  the  canal? 

Mr.  Parsons.  I  do  not  think  there  is  any  doubt  about  that.  Senator. 
In  building  the  subwajr  in  New  York  we  had  a  lump-sum  contract, 
you  know,  and  a  fixed  time;  and  the  work  was  completed  according  to 
the  contract,  both  as  to  time  and  money.  Now,  if  that  work  had  been 
in  my  hands  to  carry  out  as  a  city  undertaking,  with  all  the  restrictions 
that  necessarily  go  with  any  public  work,  I  know  that  I  could  not 
have  completed  the  work  for  either  the  total  cost  or  within  the  total 
time. 

Senator  Knox.  Do  you  think  it  is  likely  that  you  could  get  com- 
petitive bids  for  this  work  in  its  entirety  on  either  of  these  plans  ? 

Mr.  Parsons.  I  think  so. 

Senator  Knox.  From  one  contractor? 
Mr.  Parsons.  I  think  so. 
Senator  Knox.  For  a  lump  sum? 
Mr.  Parsons.  I  think  so. 
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Senator  Hopkins.  Do  you  think  that  would  be  a  better  plan  than  to 
divide  it  up  into  sections  and  contract  for  it  in  that  way  ? 

Mr.  Parsons.  If  I  were  drawing  the  specifications  for  the  Canal 
Commission,  I  should  draw  specifications  inviting  bids  both  wa3's,  Sena- 
tor— by  sections  or  as  a  whole — so  that  you  could  get  figures  both 
ways.  Then  you  could  add  up  your  individual  bids  and  see  what  they 
amaunted  to;  and  if  they  were  less  than  your  single  bid,  let  it  that  way, 
or  take  whichever  way  was  the  most  favorable  to  the  Government. 

But  I  believe  that  you  will  get  bids  for  the  building  of  that  canal  in 
its  entirety,  and  I  believe  that  a  single  bid  w^ould  be  more  economical 
than  a  number  of  bids,  because  the  work  could  then  be  run  as  a  whole. 
If  you  are  goine  to  let  part  of  it  to  one  man,  his  neighbor  will  fear 
that  his  material,  for  instance,  is  going  to  be  carried  over  his  section, 
and  he  would  have  no  control  over  him;  and  he  would  therefore  do 
one  of  two  things:  Either  he  would  prohibit  it,  or  else  he  would  put 
in  his  bid  a  price  that  would  cover  the  unknown  delays.  On  the  otner 
hand,  if  one  man  takes  it  he  goes  to  work  and  divides  it  up  and  takes 
care  of  all  those  things,  which  you  can  not  do  in  the  individual  bidding. 

Therefore  I  believe  it  will  be  more  economical  to  the  Government  to 
have  one  general  contiuct. 

Senator  Hopkins.  That  would  be  true  of  either  type  of  canal  that  is 
agreed  upon? 

Mr.  Parsons.  That  would  apply  to  either  type  of  canal.  Then, 
another  thing  with  a  man  who  nas  the  contract  as  a  whole — his  labor 
problem  is  very  much  simplified.  One  piece  of  machinery  in  engag- 
ing labor  will  answer  for  the  whole  of  the  work;  and  if  one  part  of  the 
work  is  running  ahead  and  another  part  of  the  work  is  running  behind, 
the  labor  or  the  machine  plant  can  be  transferred  from  that  which  is 
ahead  to  that  which  is  behind,  and  so  the  work  can  be  brought  up. 

Senator  Taliaferro.  And  it  avoids  competition  for  the  labor,  too? 

Mr.  Parsons.  It  avoids  competition  for  the  labor,  and  it  simplifies 
the  whole  thing;  and  I  believe  that  you  would  get  bids  for  the  whole 
contract. 

Senator  Taliaferro.  Have  you  taken  up  the  question  of  the  dams, 
Mr.  Parsons? 

Mr.  Parsons.  Not  in  any  detail;  no.  sir. 

Senator  Taliaferro.  Do  you  consider  the  dam  as  proposed  by  the 
minority  at  Gatun,  is  it  not 

Mr.  Parsons.  At  Gatun;  yes. 

Senator  Taliaferro  (continuing).  Do  you  consider  that  a  safe  dam  ? 

Mr.  Parsons  (after  a  pause).  Yes;  I  consider  it  as  a  safe  dam.  1 
do  not  particularly  like  a  dam  at  that  point,  but  I  think  that  dam  will 
stay  there.  My  objections  to  the  dam  are  the  features  that  necessarily 
go  with  it  in  the  shape  of  locks,  etc.  I  think  the  dam  will  stay.  I 
do  not  particularly  like  the  dam,  but  I  think  the  dam  would  stay.  I 
would  rather  have  a  dam  in  which  I  knew  the  water  of  percolation 
to  be  cut  oflF.  You  are  going  to  get  water  percolating  beneath  that 
dam,  and  some  questions  are  going  to  arise.  Some  of  our  friends 
think  those  questions  are  very  very  serious.  I  do  not  know  that  I 
quite  go  to  tne  length  that  some  of  them  do;  but  when  you  have  a 
question  mark  opposite  the  key  detail  of  your  whole  structure  one 
naturally  hesitates. 

Senator  Taliaferro.  You  think  it  would  be  safer  to  go  down  to 
rock  for  that  dam? 
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Mr.  Pabsons.  Oh,  you  could  not  go  down  to  rock;  it  is  impossible. 

Senator  Kittredge.  If  you  could,  you  would? 

Mr.  Parsons.  If  I  could,  I  would — oh,  yes;  there  is  no  doubt  about 
that. 

Senator  Taliaferro.  You  did  not  answer  the  question.  I  asked 
you  whether  you  would  consider  it  safer  to  go  down  to  rock  for  that 
dam. 

Mr.  Parsons.  As  a  hypothetical  question,  yes;  but  I  should  like 
simply  to  add  to  that  answer  that  it  is  impossible  to  get  down  to  rock. 
Rock  is  too  far  down.  If  that  rock  were  down  50  or  100  feet,  even,  I 
would  not  hesitate;  I  should  say,  ''Go  right  down  to  rock."  In  other 
words,  if  rock  was  within  a  reachable  distance,  I  should  go  to  rock. 

Senator  Taliaferro.  You  would  not  fear,  with  the  dam  as  pro- 
posed, any  serious  underwash  ? 

Mr.  Parsons.  If  that  was  the  only  way — let  me  put  it  in  this  way. 
Senator,  if  I  may  answer  your  question;  then,  if  my  answer  is  not 
satisfactory,  give  me  a  second  try. 

Senator  Taliaferro.  Answer  it  in  your  own  way,  Mr.  Parsons. 

Mr.  Parsons.  If  the  only  wa}^  to  construct  the  canal  at  Panama  was 
to  build  the  Gatun  dam  as  planned,  I  should  accept  the  dam.  If  there 
is  any  other  way  to  build  it,  I  would  rather  not  build  the  Gatun  dam. 

Senator  Taliaferro.  And  you  have  pointed  out  two  other  wa3^s? 

Mr.  Parsons.  The  more  satisfactory  way,  from  my  point  of  view,  is 
not  to  have  any  dam  at  all. 

The  Chairman.  If  you  were  going  to  build  a  lock  canal,  where 
would  you  put  the  dam? 

Mr.  Parsons.  That  depends  again.  Senator,  upon  what  kind  of  a 
lock  canal  you  are  going  to  build.  If  you  are  going  to  build  a  lock 
canal 

The  Chairman.  Well,  suppose  you  were  going  to  build  a  lock  canal  ? 

Mr.  Parsons.  There  are  two  types  of  lock  canal  that  you  can  build. 
If  you  are  going  to  build  a  lock  canal  as  a  lock  canal  I  should  prefer 
the  type  of  canal  for  which  I  voted  in  the  Board — namel^s  with  a 
small  dam  at  Gatun,  lifting  the  water,  say,  30  feet,  and  then  a  second 
dam  in  the  neighborhood  of  Bohio,  lifting  the  water  30  feet  more. 

Those  are  both  dams  of  moderate  height,  in  regard  to  which  there 
would  be  no  question  at  all,  because  you  would  not  get  enough  head  of 
water  behind  either  of  those  dams  to  make  any  percolation  of  any 
serious  amount  whatever.  You  would  have,  then,  perfectly  moderate 
dams  that  you  could  build  without  any  question  in  regard  to  core  walls 
or  going  down  to  rock  or  curtains  or  anything  else.  Then  I  should 
put  a  single  lock  in  the  neighborhood  of  Gatun  and  a  single  lock  in 
the  neighborhood  of  Bohio. 

There  is,  however,  another  type  of  lock  canal 

Senator  Kittredge.  Before  you  reach  that  point,  you  are  now 
describing  the  plan  adopted  for  comparison  ? 

Mr.  Parsons.  I  am  now  describing  the  plan  adopted  for  comparison. 
If  I  were  to  build  a  lock  canal,  that  is  the  lock  canal  that  I  should 
prefer  to  build;  I  would  separate  my  locks.  I  would  have  one  lock 
only  at  one  place,  so  that  if  a  vessel  should  go  bucking  through,  the 
damage  to  the  canal  would  be  minimized,  and  the  repairs  could  be 
made  in  very  much  less  time. 

The  Chairman.  How  many  locks  would  you  have? 
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Mr.  Parsons.  I  would  have  two  on  each  side.  I  would  have  one 
lock  in  the  neighborhood,  say,  of  Gatun,  and  one  lock  in  the  neighbor- 
hood of  Bohio,  lifting  30  feet  each.  Then,  on  the  other  side,  I  would 
have  a  lock  in  the  neighborhood  of  Pedro  Miguel  and  a  second  lock 
on  the  shores  of  Panama  Bay  with  a  summit  level  of  about  60  feet. 

Senator  Ankeny.  Mr.  Parsons,  as  a  factor,  what  has  the  wind  to  do 
with  this  flight  of  locks?  You  have  considered  that,  of  course — the 
matter  of  inland  winds:  are  they  not  going  to  make  it  difficult  to  oper- 
ate those  locks? 

Mr.  Parsons.  Yes;  of  course,  blowing 

Senator  Ankeny.  I  do  not  see  any  report  upon  that. 

Mr.  Parsons.  It  has  not  been  touched  upon. 

Senator  Ankeny.  Is  it  not  very  dangerous?  Is  it  not  a  fact  that 
one  of  the  accidents  to  these  ships  that  you  spoke  of  was  caused  by  a 
wind? 

Mr.  Parsons.  One  of  them  was  caused  by  a  gale. 

Senator  Ankeny.  Why  have  you  not  considered  that  matter? 

Mr,  Parsons.  The  majority  condemns  those  locks  in  toto.  I  want 
to  say  again,  and  1  will  take  every  opportunit}'^  of  saying  it,  that  I 
think  those  locks  are  thoroughly  dangerous. 

Senator  Ankeny.  But  is  it  not  a  serious  matter  otherwise?  What 
velocity  of  wind  would  suspend  your  total  operations  up  there  in  the 
flight  of  locks,  for  instance  i 

Mr.  Parsons.  I  do  not  think  you  could  get  a  wind  up  there  that 
would  suspend  the  total  operations.  It  would  interfere  with  the 
operation  of  the  locks;  it  would  delay  matters  very  much,  and  might 
cause  an  accident. 

Senator  Ankeny.  A  50-mile  wind  would  stop  you  entirely,  would 
it  not? 

Mr.  Parsons.  I  would  not  like  to  say  it  would  stop  the  operation 
entirely.  I  would  rather  say  it  would  interfere  very  6eriouslv.  That 
lake  is  sufficiently  near  the  Atlantic  Ocean  side  to  get  the  full  blasts 
of  a  '•'norther"  howling  across  there,  and  in  the  case  of  a  big  steamer 
approaching  a  lock  with  a  gale  on  which  would  be  striking  her  broad- 
side, or  would  be  glancing  oif  from  one  of  those  hillsides,  it  would 
make  her  steer  wild,  especially  at  low  speeds,  and  would  very  seriously 
interfere  with  and  delay  the  working  of  the  canal. 

Senator  Kittredge.  Was  the  plan  proposed  by  the  minority  con- 
sidered in  the  Commission  ? 

Mr.  Parsons.  The  three-lock  plan? 

Senator  Kittredge.  Yes. 

Mr.  Parsons.  Yes.  They  proposed,  as  you  will  see  by  referring  to 
the  report  of  the  committee  on  lock  canals — we  had  three  committees 
on  plans  arranged,  one  on  sea-level  plans,  one  on  lock  plans,  and  one 
on  unit  prices.  The  committee  on  lock  caniils  submitted  four  projects 
to  the  Board.  Project  number  one  contemplated — and  I  am  now  read- 
ing from  the  report — "  a  summit  level,  at  an  elevation  of  85  feet,  to  be 
maintained  by  a  flight  of  three  locks  at  Gatun  on  the  Atlantic  side, 
and  with  one  lock  at  Pedro  Miguel,  and  two  locks  in  flight  at  Sosa  Hill, 
adjoining  La  Boca  pier  on  the  Pacific  side." 

rfow,  that  was  voted  down  by  the  Board. 

Senator  Kittredge.  What  was  the  verdict? 

Mr.  Parsons.  The  committee  itself  made  no  recommendation,  as 
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they  were  divided.     I  think  we  voted  on  that  question  something  like 
9  to  4.     We  voted  that  plan  down. 

Then  we  adopted,  by  a  vote  of  8  to  ^,  an  elevation  at  plus  60;  and  in 
the  minority  re|)ort  itself  you  will  find  that  (xeneral  Abbot,  although  he 
signs  the  minority  report,  dissents  from  this  particular  arrangement; 
80  that  there  is  a  dissenting  vote  in  the  dissenting  report. 

Senator  Kittredoe.  So,  of  the  13  members  of  the  Board  of  Consult- 
mg  Engineers,  4  favor  the  Gatun  dam  as  proposed  by  the  minority, 
with  a  light  of  three  locks  If 

Mr.  Parsons.  Yes;  (Jeneral  Abbott  dissents  from  that. 

Senator  Kittredoe.  When  did  you  first  see  the  report  of  the 
minority  as  presented  to  us? 

Mr.  Parsons.  On  ^January  31,  the  last  day  on  which  the  board  met. 

Senator  Kittredoe.  And  until  that  time  you  had  no  knowledge  of 
the  exact  plans  that  they  would  propose? 

Mr.  Parsons.  Only  in  general.  I  knew  that  they  were  going  to 
revert  to  the  project  No.  1,  which  the  board  had  previously  rejected, 
and  I  am  now  reierring  to  their  minority  report,  where  they  state: 

"This  is  recommended  for  adoption" — 

That  is  to  say,  the  minority  plan  now  under  discussion — 

"This  is  recommended  for  adoption.  General  Abbot  preferring  a 
lower  dam  with  duplicate  flights  of  two  locks  at  Gatun,  supplemented 
by  a  dam  and  duplicate  single  locks  at  Bohio,  raising  the  summit  level 
to  elevation  85,  as  before." 

In  other  words,  General  Abbot  does  not  favor  the  three  locks  in 
flight. 

Senator  Kittredoe.  The  report  of  the  majority  had  been  prepared 
long  prior  to  that  date? 

Air.  Parsons.  The  minoritv  waited  for  the  majority  to  prepare  its 
report  first,  and  then  wrote  tLe  minority  report  without  consultation 
with  the  majority,  of  course. 

Senator  Kittredoe.  And  for  that  reason  in  the  majority  report,  as 
I  understand,  you  did  not  discuss  the  subject  which  you  are  now  speak- 
ing of,  or  were  speaking  of  in  answer  to  Senator  Ankeny's  question? 

Mr.  Parsons.  No;  we  rejected  the  whole  thing,  and  voted  for  a  low 
lock  at  Gatun.  I  will  say,  in  regard  to  Senator  Ankeny's  question, 
that  among  ourselves  we  considered  the  very  question  that  he  raised — 
that  is  to  say,  the  question  of  the  wind. 

Senator  Ankeny.  But  it  never  was  made  of  record  ? 

Mr.  Parsons.  It  never  was  made  of  record;  no.  We  discussed 
among  ourselves  the  question  of  the  wind  and  the  effect  that  it  would 
have  upon  a  ship  in  a  lock  85  feet  up  in  the  air  within  a  mile  or  two 
of  the  shore  of  Limon  Bay,  where  they  undoubtedly  would  get  the  full 
force  of  an  ocean  gale;  and  that  was  one  of  the  reasons  for  which  we 
rejected  the  idea  of  the  high-level  canal. 

Senator  Ankeny.  But  you  never  set  that  up  in  your  argument? 

Mr.  Parsons.  No;  this  report  does  not  contain  all  our  reasons. 

Senator  Ankeny.  But  you  looked  a  little  farther  than  the  danger 
to  the  ship  up  in  the  air  there,  as  you  expressed  it,  80  feet  or  more? 
Is  there  not  a  danger  to  your  lock  with  that  immense  ship  there? 

Mr.  Parsons.  Senator,  we  regarded  the  question  of  the  safety  of 
the  canal  rather  than  of  the  ship  itself.     In  other  words,  you  have 
now  called  attention  to  the  views  that  the  majority  expressed. 
ENG  I  c— 06 ^27 
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Senator  Ankeny.  You  say  that  there  is  great  hazard  to  the  ship; 
but  is  there  not  a  great  hazard  to  your  canal — your  locks? 

Mr.  Parsons.  That  is  what  I  have  been  haiping  on  all  along. 

Senator  Ankeny.  But  you  said  the  ship. 

Mr.  Parsons.  1  know  I  said  the  ship  in  the  first  place,  because  I 
thought  you  were  referring  to  the  ship,  but  what  we  regarded  on  the 
question  of  danger  is  not  so  much  the  particular  ship  as  the  danger  to 
the  canal. 

The  United  States  Government  is  going  to  own  the  canal,  and  1  do 
not  dispute  the  point  that  the  minority  make  as  to  there  not  being 
much  difference  in  the  danger  to  the  individual  ship  from  Colon  in  a 
waterway  150  feet  wide,  as  against  the  danger  to  a  ship  in  a  canal  hav- 
ing locks,  with  a  very  much  wider  waterway  between  the  locks.  In 
other  words,  it  is  said  that  the  insurance  companies  insuring  a  vessel 
going  through  the  Panama  Canal  would  probably  charge  as  much  insur- 
ance for  a  vessel  going  through  at  sea  level  as  they  would  for  one 
going  through  the  lock*canal,  and  I  think  there  is  a  good  deal  in  that 
argument.     I  am  perfectly  willing  to  concede  it. 

But  that  does  not  cover  the  danger  to  the  canal;  and  I  think  you  are 
quite  right  in  the  point  that  you  have  just  made,  that  the  danger  to 
tne  canal  is  the  important  thing,  and  that  the  danger  to  a  ship  from 
collision  is  a  comparatively  small  affair.  The  vessel  might  sink;  the 
canal  might  be  blocked  for  a  few  days,  an  here  in  the  recent  case  at 
Suez,  where  a  vessel  loaded  with  dynamite  was  sunk,  and  I  think  the 
canal  was  blocked  for  nine  days.  The  ship,  of  course,  was  a  total 
loss;  but  the  canal  was  not  damaged. 

We  are  interested  here  in  providing,  it  seems  to  me,  a  canal  that 
should  be  so  far  as  possible  danger  proof.  In  other  words,  a  canal 
subject  to  short  delays  would  be  a  permanent  structure,  and  I  do  not 
think  a  canal  laid  out  with  three  locks  in  flight  is  a  permanent  struc- 
ture. The  day  is  coming  when  those  locks  are  going  to  be  carried 
away. 

Senator  Ankenv.  Is  there  not  another  factor  there,  necessarily,  that 
those  men  will  not  go  into  those  difhculties  when  the  barometer  indi- 
<;ates  that  they  are  coming  on,  or  something  of  that  sort?  Will  there 
not  be  great  delays  on  that  account? 

Mr.  Parsons.  I  think  so. 

Senator  Ankeny.  Will  you  have  those  delays  (which  will  be  impor- 
tant when  the  shipping  increases  there  as  we  anticipate  it  will)  in  the 
sea-level  proposition  ? 

Mr.  Parsons.  No.  I  spoke  a  moment  ago  about  the  delays  in  the 
locks.     Now,  for  instance 

Senator  Ankeny.  Just  let  us  confine  ourselves  to  this  wind  is^ue 
first.  Will  the  sea-level  canal  have  those  delays  that  necessarily  will 
exist  in  the  lock  system  'i 

Mr.  Parsons.  No,  sir. 

Senator  Ankeny.  From  winds  i 

Mr.  Parsons.  No,  sir;  a  vessel  once  in  past  the  breakwaters  at 
Limon  Bay  can  proceed  right  through  the  canal. 

(At  this  point  it  was  suggested  that  the  committee  adjourn  until 
to-morrow  morning  at  10.30  o'clock.) 

The  Chairman.  Now,  gentlemen,  Mr.  Parsons  has  given  us  his 
opinion  in  regard  to  this  matter  in  such  a  way  that  there  is  no  misun- 
derstanding his  position  in  reference  to  it.     I  do  not  know  whether 
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we  want  to  detain  him  any  further  or  not.  I  certainly  understand 
Mr.  Parson's  position.  If  other  Senators  would  like  to  liave  him  stay 
oyer  and  come  before  us  to-morrow  at  10.30,  of  course  we  will  ask 
him  to  do  so. 

Senator  Tauaferro.  Mr.  Parsons,  have  you  stated  all  that  you  wish 
to  put  before  the  committee? 

Mr.  Parsons.  Why,  Senator,  I  am  at  the  service  of  the  committee. 
I  have  put  myself  on  record  in  signing  the  report.  I  have  placed  my 
views  m  that  report,  and  if  the  committed  want  to  go  ahead  and 
examine  me  as  they  nave  been  doing  this  morning  I  will  come  back 
this  afternoon,  or  1  will  stay  here  until  to-morrow.  1  am  entirely  at 
the  service  of  the  committee.  It  is  for  yon  gentlemen  to  say  what 
you  want  to  do  with  me. 

Senator  Knox.  You  have  nothing  yourself  that  you  wish  to  voltm- 
teer  in  addition  to  what  the  report  contains,  as  I  understand,  but  you 
are  willing  to  illuminate  the  report  by  further  explanation  if  desired? 

Mr.  Parsons.  I  am  willing  to  illuminate  the  report  by  any  expla- 
nations you  gentlemen  woula  like  to  ask  for. 

Senator  Knox.  But  the  report  shows  your  whole  position? 

Mr.  Parsons.  I  stand  by  the  report.  I  stand  by  the  report,  and 
stand  against  the  minority  report.  In  the  first  place,  the  structure 
proposed  is  not,  in  my  judgment,  a  safe  one.  In  the  second  place,  it 
does  not  comply  with  the  requirement  of  Congress  that  it  should  be 
able  to  take  not  only  the  largest  existing  vessels,  but  such  increase  in 
the  size  of  vessels  as  can  reasonably  be  foreseen. 

Senator  Ankeny.  You  are  too  good  a  logician,  Mr.  Parsons,  to  attack 
all  these  matters  without  suggesting  a  remedy.  You  say  these  things 
are  dangerous.  Now,  you  have  a  plan  that  you  consider  not  so 
dangerous? 

Mr.  Parsons.  Yes,  sir. 

Senator  Hopkins.  That  is  set  forth  in  the  report  of  the  majority? 

Mr.  Parsons.  That  is  set  forth  in  the  report  of  the  majority.  If 
you  are  going  to  build  a  lock  canal — the  Chairman  asked  me,  if  I  may 
take  up  your  time  one  moment,  Mr.  Chairman 

The  Chairman.  Certainly,  Mr.  Parsons. 

Mr.  Parsons.  You  asked  me  a  question  about  what  I  would  do.  I 
say  that  if  you  were  going  to  build  a  lock  canal  I  should  prefer  the 
lock  canal  that  I  voted  for  in  the  Board — namely,  one  with  single  locks. 

The  Chairman.  Yes. 

Mr.  Parsons.  Of  course  there  is  another  type  of  lock  canal  which 
was  advocated  in  the  Board  which  does  not  appear  on  the  record,  about 
which  Professor  Burr  himself  made  a  suggestion,  as  I  see,  in  his  tes- 
timony— namely,  the  possibility  of  putting  locks  immediately  adjacent 
to  the  Culebra  Cut.  In  other  words,  that  plan  contemplates  building 
the  sea-level  canal  from  both  ends  just  as  far  as  you  can  built  it,  until 
you  strike  the  rise  of  the  mountains,  and  then  putting  locks  there. 

If  you  are  going  to  build  a  lock  canal  with  a  view  to  its  subsequent 
transformation  into  a  sea-level  canal,  that  is  the  kind  of  a  lock  canal  to 
build.  While  it  is  a  lock  canal  it  will  not  be  as  good  a  lock  canal  as  the 
one  that  I  have  just  referred  to,  which  represents  the  views  of  the 
majority  of  the  Board — namely,  a  60-foot  level  with  a  certain  amount 
of  lake  space.     There  is  an  advantage  in  having  lakes. 

The  Chairman.  Mr.  Parsons,  right  there  do  you  think  that  a  lock 
canal  built  on  the  idea  that  you  suggest,  with  four  locks,  could  be 
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built  for  the  same  amount  of  money  as  that  recommended  by  the 
minority. 

Mr.  r ARSONS.  No,  sir;  it  will  cost  you  more  money.  The  estimate 
is  given  in  here,  I  think,  at  $175,000,000  or  $176,000,000.  It  will  cost 
yoa  more  money,  but  it  will  be  a  very  much  better  canal. 

Senator  Taliaferro.  You  mean  more  money  than  they  estimate? 

Mr.  Parsons.  No,  sir;  the  estimate  is  ^iven  here  at  a  cost,  I  think, 
of  $176,000,000. 

Senator  Taliaferro.  1  say,  you  say  that  that  canal  will  cost  more 
than  the  canal  of  the  minority? 

Mr.  Parsons.  Oh,  yes;  it  will  cost  more  than  the  canal  of  the 
minority. 

Senator  Taliaferro.  Do  you  mean  that  it  will  cost  more  than  that 
caial  will  cost,  or  more  than  it  is  estimated  that  that  canal  will  cost? 
Professor  Burr  thought  that  canal  would  cost  more  than  they  esti- 
mated, including  the  purchase  of  these  submerged  lands. 

Mr.  Parsons.  Oh,  none  of  these  estimates  include  the  submerged 
lands  at  all.  1  am  afraid  of  that  submerged  land  question.  As  I  said 
a  few  minutes  ago,  I  think  those  submerged  lands  will  run  the  cost  to 
very  extravagant  figures.  I  think  that  the  minority  will  be  verv 
much  surprised,  and  I  think  that  the  United  States  Government  will 
be  very  much  disappointed  in  the  cost  of  those  lands;  and  therefore 
the  lower  level  plan  would  diminish  the  amount  of  land  to  be  taken. 

(The  Committee  thereupon  adjourned  until  to-morrow,  Wednesday, 
March  14,  1906,  at  10.30  o'clock  a.  m.) 
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Committee  on  Inteboceanic  Canals, 

United  States  Senate, 
Washingto7i,  D.  (7,,  Wednesday ^  March  14 j  1906, 
The  committee  met  at  10.30  o'clock,  a.  m. 

Present:  Senators  Millard  (chairman),  Dryden,  Hopkins,  Knox, 
Ankeny,  and  Morgan. 

8TATSMENT  OF  WILLIAM  BAECLAT  PAE80N8,  EStt.— Continued. 

Senator  Bjlttredge.  Mr.  Parsons,  during  the  hearing  yesterday 
some  member  of  the  committee  asked  you  to  prepare,  if  you  found 
time,  a  map  showing  the  condition  of  the  hill  in  the  vicinity  of  the 
Gatun  locks  as  proposed  by  a  minority  of  the  consulting  engineers. 
Have  you  prepared  such  a  map? 

Mr.  Parsons.  1  have,  sir. 

Senator  Kittredge.  Will  you  produce  it  and  explain  it  to  us? 

Mr.  Parsons  (producing  map).  The  map  which  1  laid  before  the 
committee  yesterday  was  plate  11  of  the  report,  showing  the  Gatun 
dam  and  the  three  locks  in  flight,  all  shown  m  red;  and  I  think  it  was 
Senator  Dryden  who  asked  me  if  I  would  make  a  section  of  the  hill. 
The  Gatun  dam  is  shown  in  red,  with  the  three  locks  shown  in  series 
at  the  side  of  the  dam.  The  black  lines  indicate  the  contours  of  the 
hill,  and  you  will  see  that  the  approach  works  on  the  south  end,  the 
lake  end  of  the  locks,  are  brought  right  out  to  the  very  edge  of  the 
hill;  and,  in  fact,  the  center  guide  wall  projects  over  the  side  of  the 
hill,  and  it  is  that  that  Mr.  mtes  referred  to  in  his  testimonj-  that  the 
approach  wall  would  have  no  support  at  all.  Of  course  he  meant  by 
that  that  you  would  have  to  put  in  a  very  deep  support.  It  would 
not  have  a  natural  support,  ana  you  would  have  to  build  down  to  the 
ground. 

Senator  Moroan.  Which  plan  is  that? 

Mr.  Parsons.  This  is  the  minority  plan.  This  is  in  answer,  I  think, 
Senator,  to  a  question  that  was  asked  after  you  had  left  the  room  yes- 
terday. Senator  Dryden,  I  think  it  was,  asked  if  I  would  prepare  a 
section  through  that  hill  showing  just  how  those  three  locks  lay  with 
resi)ect  to  the  hill.  The  locks  are  fixed  at  this  end,  and  the  head  works 
project  right  out  to  the  very  edge  of  the  hill.  I  have  drawn  here,  in 
a  great  hurry,  since  the  meeting  yesterday,  a  section  of  the  hill  as 
taken  from  the  oflBcial  topograph}-  and  the  borings  that  were  made  on 
the  site.  The  details  of  those  borings  are  given  in  other  plates  in  the 
report. 

benator  Kittredge,  How  manv  borings  were  made  in  the  Gatun 
Hill  in  the  vicinity  of  where  the  locks  are  to  be  placed? 
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Mr.  Parsons.  There  were  nine  borings  made,  I  think.  Senator,  on 
a  different  location.  This  map  shows  tnem.  There  were  seventeen 
borings  made  altogether,  and  it  was  figured  at  that  time  that  the  locks 
should  take  that  direction,  as  you  can  see  b}'  these  black  lines  [indi- 
catiHg  on  map]. 

Senator  Morgan.  The  seventeen  borings  were  on  the  lock  site? 

Mr.  Parsons.  On  that  lock  site;  not  on  the  lock  site  that  was  finally 
adopted.  The  seventeen  borings  were  made  on  the  first  lock  site  as 
proposed  by  the  committee.  Then  they  found  that  the  hill  in  that  direc- 
tion was  to  short  to  accommodate  the  locks,  and  the  location  was  there- 
fore changed  from  the  black  lines  to  the  red  lines,  as  indicated  on  this 
map,  in  order  to  get  a  longer  run  of  hill,  so  that  these  borings  down  here 

Iinaicating  on  map]  give  no  information  at  all  as  to  the  condition  of  the 
ock  farther  to  the  east.  Therefore,  as  a  matter  of  fact,  there  are  four 
borings,  or  three  really,  that  come  within  the  lines  of  the  lock,  as 
shown  by  the  minoritv  report. 

Senator  Morgan,  'the  official  location  is  indicated  %j  those  three 
red  lines  ? 

Mr.  Parsons.  The  official  location  is  indicated  by  the  three  lines, 
and  they  are  outside  of  the  information  gathered  by  the  borings;  so 
that  there  are  only  three  borings  that  come  within  the  lines  of  the 
locks. 

Senator  Hopkins.   How  far  out  are  they,  Mr.  Parsons? 

Mr.  Parsons.  That  distance  is  600  feet  [indicating  by  scale  on 
map].  You  can  see  that  all  these  borings  down  to  the  west  of  the 
canal,  on  the  lower  part,  are  from  500  to  1,000  fe^t  awav. 

Senator  Hopkins.  From  the  actual  location  of  the  locks? 

Mr.  Parsons.  From  the  actual  location  of  the  locks.  And  if  you 
will  refer  to  the  plates  showing  those  borings  thei-e,  given  in  the 
report,  you  will  see  the  indurated  clay,  for  instance,  which  is  the 
material  on  which  they^  expect  to  found  the  locks,  and  how  it  will  vary 
in  position  between  two  borings.  You  see  it  is  liable  to  fluctuate  very 
wiaely. 

Senator  Knox.  It  is  liable  to  fluctuate  widely  within  what  distance? 

Mr.  Parsons.  Oh,  in  a  distance  of  two  or  three  hundred  feet  it 
would  fluctuate  very  widely.  That  is  to  say,  that  in  order  to  get  any- 
thing like  an  accurate  knowledge  of  the  material  there  on  which  to 
found  a  structure  like  these  locks,  borings  should  be  made  very  close 
together,  as  was  in  fact  proposed  here.  You  can  see  how  close  the 
borings  were  made  there  [inaicating],  and  on  the  site  of  the  locks  no 
borings  were  made  at  all. 

Senator  Hopkins.  Before  vou  leave  this  point,  on  that  map  it  looks 
as  though  those  hills  run  bacl^  there,  and  as  though  the  locks  could  be 
run  back. 

Mr.  Parsons.  The  ground  is  too  high.  If  you  start  to  go  through 
that  hill,  that  would  be  very  very  expensive.  You  take  these  locks, 
as  shown  in  three  steps  in  pencil  on  tnis  drawing,  and  if  they  wei'e  to 
be  made  a  thousand  feet  long — and  these  steps  are  taken  exactly  from 
the  plan  given  in  the  repoit — 3^ou  would  have  to  bring  the  lower  ends 
of  tne  locks  down  here,  m  this  direction  (it  is  reallv  going  to  the  north, 
but  it  is  low,  so  far  as  the  elevation  of  the  ground  is  concerned);  they 
would  have  to  he  moved  down  here  some  750  feet,  and  you  would  get 
2,000  feet  away  from  the  last  boring,  which  is  this  one  [indicating]; 
and  there  is  no  knowledge  at  all  as  to  what  the  hill  contains  there. 
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So,  whether  you  would  get  any  foundations  for  the  lock  at  the  north 
end,  there  is  no  information  at  all. 

I  should  like  to  state,  however,  that  this  is  in  answer  to  the  questions 
that  were  asked  me  yesterday  in  respect  to  Mr.  Bates's  testimony,  and 
that  my  own  belief  is  that  those  locks  can  probably  be  constructed.  I 
am  not  attacking  the  ability  to  construct  tnose  locks  at  all.  I  want  to 
have  that  distinctly  understood.  But  at  the  same  time,  if  the  locks 
are  built,  when  they  are  built  they  will  be  unsafe  for  operation,  in  my 
opinion,  as  I  explained  yesterday.  In  other  words,  I  lay  stress  not 
upon  the  inability  to  construct  the  locks  or  the  inability  to  make  those 
locks  1,000  feet  long  if  necessar3\  I  believe  that  the  ground  is  prob- 
ably there  to  build  the  locks  on,  and  that  the  locks  can  be  built  a 
thousand  feet  long  if  it  is  necessary,  but  that  if  that  is  done  you  will 
still  have  locks  that  are  unsafe  to  operate,  on  account  of  the  locks 
being  in  series  of  three. 

Senator  Morgan.  On  the  plan  laid  down  or  proposed  by  the  minor- 
ity of  the  committee  and  also  by  Mr.  Bates  for  a  dam  at  Gatun,  they 
correspond,  as  Mr.  Bates  stated,  precisely  in  the  axis  of  the  dam.  I 
wish  you  would  describe  the  country  as  it  is  now,  lying  between  the 
abutments  of  that  dam.  What  is  the  width  between  the  abutments  of 
the  dam  across  there  i 

Mr.  Parsons.  Senator,  1  shall  have  to  scale  that  on  the  map,  because 
I  do  not  carry  those  figures  in  my  mind.  [After  measurement  on  the 
map.]  The  valley  across  which  this  dam  is  to  be  thrown  is  flanked  on 
two  sides  by  the  hills,  as  shown  on  the  plan  here,  with  a  hill  in  the 
center,  like  an  island,  so  that  there  will  be  really  two  dams.  Although 
the  structure  will,  of  course,  run  clear  through  from  hill  to  hill,  as  a 
matter  of  fact  it  really  becomes  two  dams.  It  is  about  7,000  feet  from 
one  end  of  the  dam  to  the  other. 

Senator  Morgan.  Is  the  opening  that  is  to  be  closed  by  the  dam 
there  by  Mr.  Bates  or  the  minority  of  the  Commission 

Mr.  Farsons.  Mr.  Bates  does  not  propose  as  high  a  dam  as  that. 
Consequentlv 

Senator  Moboan.  I  understand;  but  that  is  the  area  that  is  to  be 
inclosed? 

Mr.  Parsons.  No;  Mr.  Bates  wants  to  put  his  dam  farther  to  the 
north.  Senator.     He  proposes  to  close  the  vallej^  nearer  the  Limon 
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enator  Hopkins.  He  has  two  dams? 

Mr.  Parsons.  Yes,  sir.  He  has  a  smaller  dam  in  here  [indicating 
on  map].     His  main  dam  he  puts  down  here  [indicating  on  map]. 

Senator  Morgan.  He  stated  that  the  axis  of  his  dam  across  the 
Chagres  River  was  the  same  as  that  of  the  minority  of  the  committee. 

Mr.  Parsons.  If  Mr.  Bates  said  so,  of  course  he  knows  his  own 

Slans.  He  puts  a  subsidiary  dam  at  Gatun.  His  main  dam  he  puts 
own  below. 

Senator  Morgan.  His  dam  was  much  lower  than  theirs  ? 

Mr.  Parsons.  Yes,  sir. 

Senator  Morgan.  I  want  to  get  at  this:  I  suppose  that  from  the 
eastern  side  of  the  Chagres  River  a  ridge  breaks  in — an  upland? 

Mr.  Parsons.  Yes,  sir. 

Senator  Morgan.  When  you  arrive  at  the  Chagres  River  or  in  the 
vicinity  of  it,  does  that  ridge  show  a  rock  front? 

Mr.  Parsons.  No. 
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Senator  Morgan.  There  is  rock  in  that  ridsfe  east  of  the  Chagrres 
RivBr? 

MVi  Parsons.  Probably;  but  if  you  will  refer  to  these  borings  .vou 
will  see  that  you  strike  a  very  hard  clay,  called  indurated  clay.  It 
is  a  clay  that  looks  like  a  rock,  but  it  is  not  a  rock. 

Senator  Morgan.  I  am  speaking  now  of  the  shores,  the  coast  of 
this  depression. 

Mr.  Parsons.  There  is  no  rock  outcropping  that  I  have  ever  seen. 

Senator  Morgan.  There  is  no  rock  in  the  entire  extent  of  that  ridge 
that  runs  in  the  direction  of  the  Chagres  River  from  the  east? 

Mr.  Parsons.  I  have  never  seen  any  rock  there. 

Senator  Morgan.  Is  there  any  in  the  next  hill  or  mountain  or  what- 
ever you  please  to  call  it? 

Mr.  Parsons.  I  believe  not. 

Senator  Morgan.  Is  there  an}^  in  the  second  ridge  that  you  strike 
coming  across  'i 

Mr.  Parsons.  There  on  the  west  side  ? 

Senator  Morgan.  Yes. 

Mr.  Parsons.  Yes;  in  cutting  through  the  diversion  of  the  Chagres 
River  they  showed  up  rock  on  those  hills  over  there. 

Senator  Morgan.  In  this  interval  there  have  been  borings  made 
along  the  axis  of  the  canal  proposed  by  the  minority  down  to  the  rock? 

Mr.  Parsons.  They  have  gone  down  to  what  they  call  an  indurated 
clay.  They  have  not  developed  the  rock  in  the  line  of  that  dam  in  the 
bottom  of  the  geological  valley  there. 

Senator  Morgan.  Does  anybody  know  whether  that  indurated  clay 
has  a  foundation  upon  rock? 

Mr.  Parsons.  I  do  not  think  it  is  known.  I  suppose  it  has  a  founda- 
tion on  rock  somewhere,  but  the^^  have  not  gone  tnrough  the  indurated 
clay  to  find  it. 

Senator  Morgan.  They  have  gone  286  feet? 

Mr.  Parsons.  Yes,  sir. 

Senator  Morgan.  Without  striking  rock? 

Mr.  Parsons.  Without  striking  rock.  They  ran  through  clay,  clay 
and  wood,  and  clay  and  sand. 

Senator  Hopkins.  Did  they  go  down  285  feet  or  258  feet? 

Mr.  Parsons.  Two  hundred  and  fifty -eight  feet,  I  think  it  is. 

Senator  Morgan.  Two  hundred  and  fifty -eight  feet;  yes.  I  had  the 
figures  reversed.  So  far  as  the  engineers  know  there  is  no  rock 
foundation  underneath  that  indui'ated  clav.  The  whole  dam  rests 
upon  that  foundation  of  indurated  clay. 

Mr.  Parsons.  No,  Senator.    The  whole  dam  would  rest  upon  the 
material  overlying  the  indurated  clay,  because  thev  do  not  propose  to 
go  through  the  overlying  material  to  the  indurated  clay. 
^  Senator  Morgan.  It  rests  upon  the  indurated  clay  and  the  mass  that 
lies  above  it,  then  ? 

Mr.  Parsons.  Precisely.  And  they  propose  simply  to  remove  the 
loose  top  soil  and  then  make  an  earth  dam  directly  on  that  material. 

Senator  Morgan.  Do  these  borings  indicate  that  they  pass  through 
soft  material  and  through  wood  before  they  reach  the  indurated  clay? 
Is  that  true  ? 

Mr.  Parsons.  That  is  true. 

Senator  Mor(;an.  What  is  the  depth  of  the  mass  that  lies  above  the 
body  of  indurated  clay  to  the  surface  of  the  water,  or  near  to  it,  we 
willsa}^? 
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Mr.  Parsons.  The  deepest  hole  that  was  found  on  the  line  of  the 
canal  was  258  feet  below  water  level. 

Senator  Morgan.  And  that  only  reached  the  indurated  clay? 

Mr.  Parsons.  That  only  reached  the  indurated  clay. 

Senator  Morgan.  The  balance  of  it,  then,  is  this  mass  of  matter 
that  is  composed  of  various  descriptions  of  material  ? 

Mr.  Parsons.  Yes;  I  will  read  the  materials  shown  by  the  borings. 
[Reading:]    Sand  and  clay 

Senator  Kittredge.  From  what  plate  are  you  reading? 

Mr.  Parsons.  Plate  12  [reading]:  '^Sand  and  clay;  clay  and  wood; 
clay;  sand,  shells,  and  wood;  sand  and  shells;  sand  and  gravel." 

Senator  Morgan.  At  Bohio,  and  perhaps  ifarther  down  the  course 
of  the  river,  the  engineers.who  have  heretofore  explored  this  region 
with  boring  drills  and  implements  have  discovered  what  they  call  a 
geological  gulch  or  "V?" 

Mr.  Parsons.  Yes,  sir. 

Senator  Morgan.  Is  that  same  gulch  discoverable  or  has  it  been  dis- 
covered at  the  site  of  the  Gatun  dam,  that  is  proposed  by  the  minority 
of  the  committee? 

Mr.  Parsons.  Yes,  sir.  If  you  will  refer  to  plate  12  you  will  see 
that  gulch  shown  there  in  the  lower  profile  [showing  profile  to  Sena- 
tor Morgan]. 

Senator  Morgan.  How  do  they  know  it  is  there  unless  they  have 
bored  down  to  it? 

Mr.  Parsons.  They  have  bored  down  to  it.  I  was  just  reading  the 
materials  obtained  from  the  borings  there  lying  above  the  indurated 
clay.    There  is  the  gulch  there  [indicating  on  map]. 

Senator  Morgan.  That  gulch  is  formed  in  inaurated  clay  and  not 
in  rock? 

Mr.  Parsons.  Yes,  sir;  in  indurated  clay  and  not  in  rock. 

Senator  Morgan.  And  there  is  no  rock  basis  there  for  that  gulch? 

Mr.  Parsons.  It  has  not  been  found. 

Senator  Morgan.  But  an  actual  rock  basis  for  that  gulch  has  been 
found  at  Bohio? 

Mr.  Parsons.  Yes,  sir;  they  found  the  rock  there.' 

Senator  Morgan.  So  that,  between  Bohio  and  Gatun,  there  is  as  yet 
no  development  by  the  borings  that  have  been  made  of  the  extension 
of  that  geologicalgulch  formed  in  the  rock  in  the  direction  of  Gatun? 

Mr.  Parsons.  The  borings  do  not  show  the  depth  of  the  rock.  At 
Gatun  the  borings  were  put  down  until  they  struck  that  indurated 
claj%  and  then  stopped. 

Senator  Morgan.  I  notice  a  precipitous  figure  there  on  that  profile — 
a  sort  of  gulch. 

Mr.  Parsons.  Yes,  sir. 

Senator  Morgan.  That  means,  if  I  understand  it,  that  the  indurated 
is  found,  for  instance,  at  this  level  on  this  side  [indicating  on  profile] 
and  at  this  level  on  this  side  [indicating]!? 

Mr.  Parsons.  Which  is  about  25  feet  above  sea  level. 

Senator  Morgan.  And  on  this  side  it  is  not  found  until  you  get  to 
the  bottom  of  this  boring  [indicating  on  profile]  ? 

Mr.  Parsons.  That  is  correct;  258  feet  below  sea  level,  or  a  total 
drop  of  286  feet. 

Senator  Morgan.  This  bed  of  indurated  clay  may  be  stated  to  form 
the  walls  pf  this  gulch  in  here  [indicating  on  profile]? 

Mr.  Parsons.  That  is  correct. 
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Senator  Mobgan.  I  have  inquired  of  a  man  that  I  have  a  great  deal 
of  respect  for  as  an  engineer,  and  I  think  he  is  as  great  a  man  as  any 
in  the  world  in  that  regard,  and  I  want  to  read  to  you  his  criticism 
upon  that  situation,  just  to  see  whether  you  concur  in  it  or  not.  I 
will  not  give  his  name.  1  do  not  feel  at  liberty  to  do  it,  because  I 
asked  him  for  his  opinion  (reading): 

"I  can  not  reconcile  myself  to  the  proposition  of  resting  the  enor- 
mous interests  involved  in  the  proposea  waterway  on  the  problematical 
stability  of  an  experimental  earth  dam  resting  on  river  silt  258  feet 
deep;  and  1  believe  that  many  engineers  will  agree  with  the  majority 
of  the  board  in  doubting  the  impermeability  claimed  for  a  soil  com- 

Sosed  of  silt,  shells,  sand,  clay,  decayed  wood,  and  other  debris  brought 
own  by  the  river  and  promiscuously^  deposited,  when  subjected  to  a 
pressure  of  85  feet  depth  of  water.  That  no  appreciable  leakage  will 
take  place  under  the  dam  is  at  best  a  matter  of  opinion,  which  can  not 
be  proved  by  mathematical  computations  or  by  established  engineering 
experience.  That  highly  compressive  soil  must  sink  to  a  great  extent 
under  the  weight  of  the  embankments,  amounting  to  7  or  8  tons  to  the 
square  foot,  exclusive  of  the  weight  of  the  water. 

''The  settlement  will  continue  for  a  number  of  years,  and  will  be 
unevenly  distributed  in  the  deep  gorges  and  in  the  dam  as  a  whole,  by 
reason  of  lack  of  uniformity  in  the  sustaining  subsoil.  As  the  gorges 
are  confined  by  nearly  vertical  rocky  cliflFs,  extending  to  great  deptos, 
breaks  or  disintegration  must  be  expected  in  the  embankment  at  the 
crests  of  these  four  cliflFs,  that  position  of  the  embankment,  resting  on 
solid  ground  remaining  practically  stationary,  while  the  sections  on 
top  of  the  gorges  slide  down  along  the  rocky  walls.  Such  disturbances 
must  cause  breaks  in  the  dam  at  those  points,  through  which  a  stream 
of  water,  very  small  at  first,  may  find  its  way,  and  wnich  all  engineers 
know  will,  under  the  proposed  head  of  water,  end  in  a  disastrous 
breach  in  the  dam. 

"A  failure  of  the  dam  by  such  natural  processes  as  here  described, 
or  the  destruction  of  the  controlling  works  of  the  flight  of  locks  by 
the  fire  of  an  enemy's  ship  from  4  miles  at  sea,  would  precipitate  a 
tidal  wave  of  enormous  power  of  destruction  to  the  canal  and  wnatever 
may  be  found  between  tnose  works  and  the  sea.  It  is  true  that  with  a 
lake  of  108  square  miles  of  superficial  area,  as  is  proposed  to  be  created 
by  dams  projected  at  both  ends  of  the  canal,  the  flood  waters  can  be 
kept  under  control  so  far  as  violent  fluctuations  of  level  and  gradual 
discharge  of  the  surplus  water  are  concerned,  but  cross  currents,  silt- 
ing up,  and  changes  in  location  of  the  navigable  channel  must  be 
expected,  and  the  high  speed  in  vessels  through  the  locks  estimated  in 
the  report  will,  in  my  opinion,  prove  more  theoretical  than  practical. 
This  objection  applies  with  greater  force  to  that  portion  of  the.  lake 
between  Obispo  and  the  Gatun  locks,  a  distance  of  23.5  miles,  in  which 
the  highest  speed  and  freedom  of  navigation  are  expected  to  be 
attained." 

That  is  as  much  of  that  letter  as  I  desire  to  read  to  you.  I  wish  to 
know  to  what  extent,  if  any,  you  concur  in  those  opinions. 

Mr.  Parsons.  I  concur  substantially  in  the  whole  of  those  opinions, 
Senator,  as  indicated  by  my  vote  on  the  Board  when  I  voted  against 
the  Gatun  dam  and  against  the  flight  of  three  locks.  As  I  said  yes- 
terday, 1  consider  that  arrangement  a  very  dangerous  arrangement. 
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Senator  Morgan.  I  wish  to  state  that  this  is  from  a  gentleman  who 
has  no  connection  with  an}'^  of  those  plans. 

Mr.  Parsons.  There  is  one  point  m  his  letter  that  I  would  like  to 
call  attention  to.  He  speaks  about  whether  that  material  was  perme- 
able or  not.  I  think  tnat  this  committee  has  before  it  a  blueprint 
showing  all  the  data  connected  with  these  holes  which,  by  some  acci- 
dent, was  left  off  of  plate  12,  in  which  water  flows  from  those  holes 
and  above  the  surface  of  the  ground,  indicating  not  only  that  there  is 
water  there,  but  that  there  is  water  there  in  motion;  otherwise  of  couree 
it  never  could  flow  out  of  the  tops  of  the  holes. 

Senator  Morgan.  Did  the  water  that  came  out  of  those  pipes  flow 
continuousl}'  in  the  borings  through  what  is  called  the  indurated  clay? 

Mr.  Parsons.  No,  sir;  there  were  no  borings  made  through  tne 
indurated  clay. 

Senator  Morgan.  Only  into  it  i 

Mr.  Parsons.  The  flow  came  from  the  material  overlying  the 
indurated  claj\ 

Senator  Morgan.  So  that  there  is  nothing  to  show  that  the  indu- 
rated clay  is  permeable? 

Mr.  Parsons.  The  indurated  clay  is  undoubtedly  impermeable. 

Senator  Morgan.  All  right. 

Mr.  Pabsons.  But  the  material  lying  above  the  indurated  clay  is 
not,  and  water  flowed  from  a  number  of  these  holes,  as  you  can  see  by 
this  map,  Senator  [indicating  on  map]. 

Senator  Morgan.  These  are  the  holes  the  water  flows  through 
[indicating]? 

Mr.  Par80NS.  Yes,  sir.  This  profile  that  you  have  before  you  is 
the  original  paper  that  was  sent  from  the'  Isthmus  to  the  Board  of 
Consulting  Engineers,  of  which  plate  12  is  a  partial  copy. 

Senator  Morgan.  The  water  flows  through  these  borings? 

Mr.  Parsons.  It  is  marked  on  here  where  the  water  was  found. 
For  instance,  there  was  water  found  at  that  point  in  that  hole  [indi- 
cating], and  at  that  point  in  that  hole  [indicating],  and  therefore  in 
that  particular  hole  water  flows  from  two  diflferent  strata. 

Senator  Morgan.  But  in  like  manner? 

Mr.  Parsons.  The  profile  indicates  all  these  holes  where  the  water  is 
coming  from  and  in  nearly  every  hole  water  flowed  up  over  the  top  of 
the  pipe.  In  other  words,  it  indicated  that  there  was  water  in  all  this 
sanay  strata  and  water  under  pressure  sufficient  to  make  it  rise  to 
above  sea  level. 

Senator  Morgan.  Here  is  a  very  close  correspondence  between  this 
level  [indicating  on  profile]  and  this  [indicating]. 

Mr.  Parsons.  Yes. 

Senator  Morgan.  Where  water  was  dicovered. 

Mr.  Parsons.  Yes. 

Senator  Morgan.  But  in  the  interval  is  a  ridge,  I  will  call  it,  an 
uplift  or  ridge,  of  the  impermeable  material  ? 

Mr.  Parsons.  Yes,  sir. 

Senator  Morgan.  Is  there  any  impression  amongst  the  engineers 
that  the  water  that  appears  here  and  the  water  that  appears  here  and 
the  water  that  appears  here  [indicating  on  profile]  is  the  same  ? 

Mr.  Parsons.  It  is  undoubtedly  the  same,  meeting  higher  up.  This 
block  of  indurated  clay  is  probably  a  geological  island,  and  those  two 
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gorges  that  you  see  on  this  profile  probably  join  at  some  point  to  the 
south  of  that  island.  For  instance,  you  can  see  the  same  thing  topo- 
grapically  on  this  map  on  the  wall  as  appears  geologically  on  that  map 
there.  Here  is  this  island,  in  between  these  two  streams  [indicating 
on  map].  Geologically,  beneath  the  surface,  you  have  practically 
very  much  the  same  arrangement  as  above  the  surface  there. 

Senator  Morgan.  It  is  therefore  possible,  if  not  probable,  that  the 
water  that  is  found  coming  into  the  tubes  at  about  the  same  elevation 
in  each  side  of  this  ridge  is  the  same  water  connected  beneath  an 
island,  if  I  understand  you? 

Mr.  Parsons.  Undoubtedly  the  same  water. 

Senator  Morgan.  So  that  from  this  point  to  that  point  [indicating 
on  profile]  there  is  some  current  of  water  passing  underneath  that 
permeable  material? 

Mr.  Parsons.  Passing  around.  It  does  not  ^o  underneath  the  per- 
meable material.  It  does  not  go  through  the  impermeable  material, 
but  it  goes  around  it.  They  probabl}'  both  have  the  same  source, 
namely,  the  water  in  the  Chagres  River  at  some  point  higher  up  the 
valley,  so  that  that  material  is  permeable. 

Senator  Morgan.  In  basing  a  dam  upon  this  impermeable  material 
you  would  necessarily  have  to  make  provision  to  prevent  this  flow  of 
water  that  goes  around  it  and  appears  at  the  same  level  on  either  side 
of  it?     You  would  have  to  provide  against  that? 

Mr.  Parsons.  The  minority  does  not  propose  to  provide  against 
that;  and,  in  fact,  it  is  impossible  to  provide  against  the  undercurrent 
of  water  in  that  permeable  material. 

Senator  Hopkins.  In  your  judgment,  would  it  be  necessary  to  do  so? 

Mr.  Parsons.  It  would  "be  very  desirable  to  do  so,  Senator.  I  would 
rather  put  it  in  that  way.     It  would  be  very  desirable. 

Senator  Hopkins.  The  tendency  of  time  is  to  fill  these  pockets  with 
the  material  that  comes  down  the  Chagres  River,  is  it  not? 

Mr.  Parsons.  They  have  not  been  filled  so  far.  Senator. 

Senator  Hopkins.  Is  not  the  fact  that  these  are  pockets  and  that 
you  have  this  island  that  you  speak  of  an  evidence  of  the  fact  that  it 
is  being  filled  ? 

Mr.  Parsons.  No,  sir.  That  indurated  clay  is  not  working  out. 
The  probabilities  are  that  that  hole  was  indurated  clay  at  one  time  and 
the  river  has  dug  out  those  pockets;  that  the  river  has  been  flowing 
down  there.  That  has  undoubtedly  been  washed  out.  Then  there  is 
some  general  subsidence  of  the  surface  of  the  ground.  The  whole 
country  has  gone  down,  and,  as  it  went  down,  the  river  has  filled  up 
these  pockets,  which  it  had  theretofore  excavated,  in  some  previous 
geologic  period,  and  it  has  filled  them  up  with  such  loose  material  as 
it  had  at  hand  to  bring  down.  Therefore  it  has  filled  them  up  with 
clay,  gravel,  wood,  and  so  forth. 

Senator  Hopkins.  The  tendency  is  to  solidify  that  material  in  those 
pockets  all  the  time,  is  it  not? 

Mr.  Parsons.  I  do  not  think  so. 

Senator  Dryden.  Would  it  not  be  possible  to  divert  this  water 
which  flows  down  into  these  pockets  at  some  point  above,  so  as  to 
make  another  disposition  of  it? 

Mr.  Parsons.  No,  sir:  you  can  not  cut  thatoflF.  The  whole  Chagrej> 
Valley  has  a  great  geological  valley  on  its  own  bottom,  just  like  that, 
and  that  extends  allthe  way  up  to  the  main  divide. 
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Senator  Morgan.  I  have  a  single  question  to  ask,  and  I  should  like 
to  ask  it,  and  then  turn  the  witness  over  to  my  colleagues. 

You  say,  Mr.  Parsons,  that  is  the  base  of  the  dam,  is  it,  or  about 
there  [indicating  on  map]? 

Mr.  Parsons.  Yes,  sir. 

Senator  Morgan.  It  is  impossible  in  ,the  construction  of  that  dam 
to  fill  up  these  channels,  that  appear  on  both  sides  of  that  geological 
island,  so  as  to  stop  the  flow  of  the  water? 

Mr.  Parsons.  Practically  impossible. 

Senator  Morgan.  Is  it  probable  that  that  same  channel  will  fill  up 
by  the  silt. that  comes  out  of  the  water  of  the  river? 

Mr.  Parsons.  No,  sir;  I  do  not  believe  that  those  underground 
channels  will  ever  close  up. 

Senator  Morgan.  So  that  they  will  remain  there? 

Mr.  Parsons.  I  think  so. 

Senator  Morgan.  You  will  have  to  build  your  dam  with  the  expec- 
tation of  their  remaining  there? 

Mr.  Parsons.  Yes,  sir;  and  a  certain  amount  of  water  will  always 
pass  beneath  that  dam. 

Senator  Morgan.  With  an  80-foot  head  of  water,  or  a  great  head  of 
water  above  that  at  the  dam,  would  not  the  flow  through  those  chan- 
nels be  very  much  increased? 

Mr.  Parsons.  Undoubtedly. 

Senator  Morgan.  And  there  would  be  great  pressure  there? 

Mr.  Parsons.  Undoubtedly. 

Senator  Morgan.  Would  not  that  be  an  element  of  threat  or  danger 
to  this  dam  always? 

Mr.  Parsons.  Undoubtedly. 

Senator  Knox.  Right  in  tliat  connection,  because  it  Ls  a  part  of  the 
same  subject,  is  there  a  sufficient  amount  of  water,  in  your  judgment, 
flowing  torough  those  channels  to  affect  the  stability  of  the  dam? 

Mr.  Parsons.  As  I  said  yesterday,  Senator,  I  believe  that  dam  will 
be  stable,  even  under  those  conditions.  It  is  a  dam  that  I  would  rather 
not  build,  but  if  it  was  the  only  way  to  build  the  Panama  Canal  I  would 
build  the  dam  that  has  been  proposed  by  the  minority.  I  do  not 
believe  in  the  arrangement  of  the  dam,  and  the  most  objectionable 
feature  is  the  one  I  explained  yesterday  in  connection  with  the  three 
locks. 

Senator  Knox.  I  understand  that  view  thoroughly.  I  only  wanted 
to  be  satisfied  in  my  own  mind  about  the  Question  of  stability. 

Mr.  Parsons.  I  believe  that  the  dam  will  be  stable.  It  is  somewhat 
conjectui-al,  but  I  believe  that  with  proper  care  the  dam  would  be 
stable 

Senator  Morgan.  How  could  that  geological  island  exist  in  there 
except  by  being  separated  from  a  former  continuous  body  of  imperme- 
able or  indurated  clay,  of  which  it  is  composed?  How  could  it  exist 
there  except  by  some  convulsion  of  nature,  or  the  washing  of  the  water 
around  it? 

Mr.  Parsons.  It  was  probably  made  by  erosion,  Senator. 

Senator  Morgan.  By  the  erosion  of  the  water? 

Mr.  Parsons.  By  the  erosion  of  the  Chagres  River. 

Senator  Morgan.  That  is  the  probability  i 

Mr.  Parsons.  Yes,  sir. 
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Senator  Morgan.  As  long  as  the  erosion  kept  up  the  danger  would 
be  there,  whatever  it  may  be? 

Mr.  Parsons.  But  when  that  erosion  took  place  it  is  also  probable 
that  the  surface  of  the  ground  was  quite  different  from  what  the  sur- 
face of  the  ground  is  now. 

Senator  Morgan.  1  suppo^  nobody  knows  whether  that  indurated 
clay  is  a  deposit  from  water  or  whether  it  is  the  original  formation  of 
the  earth  there  J 

Mr.  Parsons.  I  would  not  like  to  express  any  opinion  on  that. 

Senator  Morgan.  Nobody  knows? 

Mr.  Parsons.  I  do  not  want  to  say  what  anybody  else  knows.  I  do 
not  know,  Senator. 

Senator  Morgan.  You  do  not  know?  You  have  thought  over  this 
subject? 

Mr.  Parsons.  1  have. 

Senator  Morgan.  And  you  can  not  inform  this  committee  whether 
that  body  of  impermeable  or  indurated  clay  is  a  part  of  the  original 
structure  of  the  earth  or  whether  it  has  been  deposited  there  by  the 
action  of  the  water? 

Mr.  Parsons.  Probably,  like  all  clays,  it  is  a  matter  of  deposit  in 
water. 

Senator  Kittredge.  Mr.  Parsons,  I  would  like  to  ask  you  about 
the  Gam  boa  dam,  whether  in  your  judgment  it  is  an  entirely  safe 
structure,  and  whether  its  construction  involves  any  unusual  or  untried 
engineering  problems? 

Senator  TIopkins.  Point  out  (Jamboa  on  the  map  there,  in  the  first 
place,  please. 

Mr.  Parsons.  There  is  the  Gamboa  dam,  right  there  [indicating  on 
map].  And  that  Gamboa  dam  makes  that  lake,  as  indicated  in  blue 
on  that  map. 

The  dam  as  proposed  at  Gamboa  is  a  perfectly  safe  structure,  and  it 
will  be  built  in  accordance  with  well-recognized  engineering  principles. 

Senator  Kittredge.  What  advantages,  if  any,  has  the  construction 
of  that  dam  in  the  way  of  furnishing  power  for  any  purpose  useful 
in  connection  with  the  operation  of  the  canal? 

Mr.  Parsons.  The  Chagres  River  is  to  be  controlled  by  the  Gamboa 
dam,  and  a  certain  amount  of  water  will  have  to  be  let  through  tliat 
dam  always;  more,  possibly,  in  times  of  flood,  but  there  is  always  a 
certain  amount  of  water  that  will  have  to  pass  through  that  dam,  and 
will  have  to  pass  through  the  dam  at  a  considerable  elevation.  It 
will  therefore  be  perfectly  possible  to  put  a  power  house  there,  and, 
instead  of  having  that  water  go  idly  into  the  river,  to  let  it  pass  through 
turbine  wheels  and  generate  electricity  for  use. 

Senator  Kittredge.  And  what  useful  purpose  will  that  accomplish? 

Mr.  Parsons.  There  will  be  sufficient  water  going  to  waste  through 
the  Gamboa  dam  to  provide  power  to  operate  the  canal  with  whatever 
necessary  machiner\^  may  be  in  connection  with  the  canal,  as,  for 
instance,  the  machinery  to  work  the  tidal  locks  at  Panama,  and  to 
light  the  canal  and  the  terminal  harbors;  because  if  the  canal  is  to  be 
operated  by  night,  the  whole  length  of  the  canal  must  be  lighted.  There 
would  be  enough  power,  in  addition  to  that,  to  operate  the  Panama 
Railroad,  and,  probablv,  to  light  the  cities  of  Colon  and  Panama. 

Senator  Morgan.  That  is  a  map  of  the  proposed  sea-level  canal,  is 
it  [indicating  map  on  the  wall]  ? 
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Mr.  Parsons.  It  w. 

Senator  Morgan.  I  notice  that  there  are  several  curves  between 
Gamboa  and  the  Bay  of  Limon  which  mieht  possibly  retard  or  inter- 
rupt to  a  certain  extent  the  safe  and  rapid  navigation  of  the  canal.  Is 
it  practicable  within  reasonable  cost  to  take  out  the  sharpest  of  those 
curves? 

Mr.  Parsons.  No,  sir;  it  is  not,  but  you  must  remenjber  that  the 
radius  of  the  sharpest  curve  is  8,200  feet — more  than  a  mile  and  a  half — 
and  that  that  curve  is  very,  very  much  flatter  than  the  curves  that  are 
found  at  Suez,  at  Kiel,  or  at  Manchester. 

Senator  Morgan.  Well,  the  ideal  or  the  reall}'^  desirable  canal  is  a 
straight  line? 

Mr.  Parsons.  Certainly. 

Senator  Morgan.  But  you  think  that  the  line  as  projected  by  the 
majority  of  the  consulting  board,  of  which  that  is  a  map,  could  not  be 
improved  without  great  expenditure  of  money? 

Mr.  Parsons.  Substantially  not. 

Senator  Morgan.  And  that  there  is  no  necessity  for  improving  it? 

Mr.  Parsons.  There  is  no  necessity  for  improving  it.  You  will 
have  a  canal  on  that  alignment  that  will  be  far  more  easily  navigated 
than  any  of  the  ship  canals  that  have  been  built  in  the  world  to-day, 
and  which  are  operated  with  entire  satisfaction. 

Senator  Dryden.  At  the  sharpest  turn  in  that  canal,  how  far  apart 
do  you  think  two  approaching  vessels  could  see  each  other? 

Mr.  Parsons.  I  could  not  answer  that  question  definitely.  Senator. 
It  depends  upon  the  local  topography;  but  thej'  would  undoubtedly  be 
able  to  see  each  other  a  long  ways  oil,  quite  far  enough  oflF  to  prevent 
any  possibility  of  collision. 

Senator  Dryden.  A  quarter  of  a  mile  'i 

Mr.  Parsons.  Oh,  yes;  they  would  be  able  to  see  each  other  farther 
off  than  that.     The>'  would  see  the  masts  farther  away  than  that. 

Senator  Dryden.  In  connection  with  that  point,  is  this  territory 
down  there  subject  to  fogs  particularly  i  Do  you  know  whether  that 
issoi 

Mr.  Parsons.  Not  to  any  very  great  extent.  I  never  have  seen  any 
fogs  there. 

In  regard  to  this  question  of  curvature,  Senator,  about  which  you 
were  asking  a  moment  ago,  I  have  prepared  a  little  table  this  morning 
which  I  would  like  to  suomit  in  answer  to  your  question,  as  showing 
the  characteristics  of  the  Suez,  Kiel,  and  Manchester  canals,  as  com- 
pared to  the  proposed  sea-level  canal.  Taking  the  minimum  bottom 
width  at  Suez,  it  is  108  feet;  at  Kiel  it  is  72  feet;  at  Manchester  it  is 
120  feet,  and  at  Panama  150  feet.  Depth:  Suez  Canal,  31  feet;  Kiel, 
29.5  feet;  Manchester,  26  feet;  Panama,  40  feet.  The  radius  of  the 
minimum  curve  at  Suez  is  6,561  feet:  at  Kiel,  3,282  feet;  at  Manches- 
ter, 3,100  feet;  at  Panama,  8,200  feet. 

At  Suez  there  are  seven  curves  which  have  a  radius  less  than  the 
minimum  radius  as  proposed  by  the  majority.  Therefore  you  will  see 
that  the  bottom  wiath  at  Panama  is  50  per  cent  greater  than  that  at 
Suez,  while  the  depth  is  30  per  cent  greater  and  the  minimum  curve 
is  40  per  cent  greater.  1  think  it  is  well  to  keep  Suez  in  mind,  because 
there  is  a  canal  which  has  been  operated,  now,  for  a  great  many  years, 
and  you  can  see  that  the  dimensions  which  have  been  given  by  the 
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majority  in  the  sea-level  plan  are  vastly  in  excess  of  the  similar  dimen- 
sions as  found  at  the  Suez  Canal. 

Senator  Kittredge.  I  was  about  to  ask  you,  Mr.  Parsons,  what 
great  dam  you  are  now  engaged  in  constructing^ 

Mr.  Parsons.  I  am  consulting  engineer  and  chairman  of  the  board 
of  engineers  building  a  dam  at  McCalls  Ferry,  across  the  Susquehanna 
River,  and  preparing  plans  for  a  second  dam  across  the  same  river 
immediately  below  that.  The  dam  has  a  length  of  about  3,000  feet  on 
the  crest,  and  with  a  head  of  about  75  feet,  ail  in  masonry.  As  com- 
pared with  the  Gamboa  dam,  it  is  a  very  much  larger  structure;  and 
comparing  the  Susquehanna  River,  with  which,  of  course,  you  are  all 
very  familiar,  with  the  Chagres  River,  the  Susquehanna  River  has,  in 
times  of  flood,  ten  times  the  maximum  flood  that  has  been  known  to 
pass  the  Chagres  at  Gamboa.  There  has  been  a  flood  in  the  Susque- 
nanna  of  over  700,000  cubic  feet  a  second.  Floods  of  600,000  feet  a 
second  are  quite  common. 

Senator  Kittredge.  Where  on  the  Susquehanna  is. the  dam  you 
have  mentioned? 

Mr.  Parsons.  At  a  place  called  McCalls  Ferry. 

Senator  Knox.  And  where  is  that? 

Mr.  Parsons.  About  40  miles  up  the  river  from  Havre  de  Grace. 

Senator  Knox.  Oh,  yes. 

Senator  Kittredge.  Yesterday  we  were  discussing,  as  the  adjourn- 
ment was  taken,  the  Question  of  the  speed  of  ships 

Senator  Hopkins.  Before  you  leave  that,  are  there  any  locks  con- 
nected with  that  dam  that  vou  were  just  speaking  of? 

Mr.  Parsons.  No,  sir;  that  is  simply  a  dam  for  power  purposes. 

Senator  Hopkins.  For  storing  water? 

Mr.  Parsons.  For  storing  water  for  power  purposes.  I  did  not 
mention  it  yesterday  when  I  was  giving  my  autobiography.  The 
Senator  asked  about  that  dam,  1  presume,  in  comparison  with  the 
Gamboa  dam. 

Senator  Kittredge.  Yes;  that  was  the  purpose. 

Mr.  Parsons.  The  diflSculties  in  damming  the  Susquehanna  River 
are  far  greater  than  those  of  damming  the  Chagres  River. 

Senator  Ankeny.  Has  that  dam  that  you  are  building  across  the 
Susquehanna  a  stone  core  with  earth  filling? 

Mr.  Parsons.  No,  sir;  that  is  an  all-masonry  dam,  because  the 
whole  river  will  have  to  pass  over  the  top  of  that  dam  at  times  of  flood. 

Senator  Ankeny.  This  dam  that  you  contemplate  has  what  you  call 
a  stone  core? 

Mr.  Parsons.  At  Gamboa? 

Senator  Ankent.  Yes. 

Mr.  Parsons.  The  estimates  that  were  made  are  sufficient  to  cover 
either  an  all-masonry  dam  or  a  dam  with  a  masonry  core  and  earth  on 
both  sides.  In  either  case,  the  main  part  of  the  dam  would  go  down 
to  bed  rock.  In  other  words,  there  would  be  no  permeable  strata 
beneath  the  dam,  such  as  Senator  Morgan  has  described,  that  will 
exist  at  Gatun. 

Senator  Ankeny.  If  you  had  to  build  a  dam,  you  would  build  it  in 
that  way  ? 

Mr.  Parsons.  If  you  are  going  to  build  a  dam  there,  it  is  the  only 
way  that  you  can  build  a  dam,  Senator. 
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Senator  Knox.  What  is  the  area  of  that  restrained  water  of  the 
Chagres,  about  if 

Mr.  PAiiSONS.  Forty-three  square  miles. 

Senator  Knox.  And  what  is  the  quantity  of  water  that  would  escajKi 
daily?     Have  you  estimated  that^ 

Mr.  Parsons.  The  average  flow  of  the  Chagres  River  at  Gauiboa  is 
about  3,000  second-feet;  that  is  the  average  How  per  annum. 

Senator  Knox.  How  is  that  carried  out  of  the  lake?  Do  you  have 
sluiceways  if 

Mr.  Parsons.  The  dam  at  Gamboa  is  in  two  parts.  There  is  the 
main  dam,  which  will  be  either  all  masonry  or  with  a  masonry  core 
and  earth  on  both  sides,  ^oing  across  the  main  valley.  Then  to  the 
north  of  the  valley  there  is  a  aepre«*.sion  in  the  hills  through  which  the 
French  have  already  partially  constructed  a  diversion  channel.  It  is 
proposed  to  complete  that  diversion  channel  and  to  put  in  that  depres- 
sion an  all-masonry  structure  through  which  the  flow  of  the  river 
would  pa^s. 

Senator  Knox.  So  that  under  no  circumstances  would  there  be  an 
overflow  of  the  dam  ? 

Mr.  Parsons.  Under  no  circumstances  would  there  be  an  overflow 
of  the  main  dam.  That  would  be  always  above  water,  no  matter 
whether  it  was  built  of  earth  or  all  masonr3\ 

Senator  Knox.  And  of  course,  in  order  to  determine  whether  this 
diversion  channel  is  adequate  to  carry  off  the  surplus  water,  you  have 
estimated  the  area  of  the  rainfall,  and  the  amount  of  rainfall  and  all 
that  sort  of  thing? 

Mr.  Parsons.  Those  figures  are  all  given  in  the  report,  sir. 

Senator  Knox.  You  remember  the  disastrous  flooa  at  Johnstown  ? 

Mr.  Paksons.  Yes. 

Senator  Knox.  My  recollection  is  that  that  dam  was  built  upon  the 
theory  that  the  dam  was  sufficiently  high  and  the  diversion  channel 
was  of  sufficient  area  to  carry  away  any  water  falling  on  that  water- 
shed that  the  recoi*ds  of  one  hundred  years  showed  to  have  fallen; 
and  yet  that  dam,  being  partly  masonr}^  and  partly  earth,  did  over- 
flow, and  that  was  the  cause  of  the  accident.  Now,  how  far  back  have 
they  the  records  of  the  rainfall  on  the  watershed  that  supplies  the 
Chagres? 

Mr.  Parsons.  Substantially  fifty  years. 

Senator  Kxox.  Can  you  tell  me  the  formula,  how  much  they  have 
allowed  for  any  excess  of  the  greatest  rainfall  on  that  watershed? 

Mr.  Pai^sons.  The  biggest  flood  of  which  there  is  any  record  is  the 
so-called  flood  of  1879,  and  it  is  shown  that  this  lake  will  take  two  of 
tho.se  floods,  one  right  after  the  other,  passing  only  the  normal  amount 
of  water  through  the  sluices.  So  that  you  could  have  two  of  those 
floods,  one  right  on  top  of  the  other,  and  still  you  would  not  have  vour 
lake  full. 

But  by  allowing  the  maximum  amount  of  water  to  go  through  the 
jE^tes  that  we  figured  on,  you  could  lower  the  level  of  the  1879  flood  in 
the  course  of  a  very  few  davs  after  the  flood  had  stopped  and  bring 
the  lake  back  again  to  normal  conditions.  But  even  if  tne  worst  should 
come  to  the  worst,  and  you  should  imagine  three  of  those  floods  piled 
one  right  on  top  of  the  other  and  the  gates  would  not  carrj  the  water 
off,  then  you  would  have  the  masonry  dam  in  the  diversion  channel 
drowned  out  and  the  river  would  simply  go  over  the  top  of  that. 
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Senator  Knox.  So  that  under  no  circumstances 

Mr.  Parsons.  Under  no  circumstances  would  the  water  go  over  the 
top  of  the  earth  dam. 

Senator  Knox.  But  if  it  did,  of  course  it  would  cut  it  out  i 

Mr.  Parsons.  It  would  cut  it  out;  yes,  sir.  That  you  can  guard 
against,  and  some  of  the  members  of  the  majority  of  the  board  thought 
that  in  a  work  of  this  magnitude  it  might  be  well  to  take  that  addi- 
tional precaution  by  making  the  main  dam  a  masonry-  dam,  so  that 
if  you  had  four  or  five  1879  floods,  and  the  whole  thing  was  drowned 
out,  the  flood  could  go  over  the  top  of  the  main  dam. 

Senator  Knox.  I  tried  those  cases  arising  out  of  the  Johnstown 
flood,  and  my  recollection  is  that  taking  greatest  rainfall  in  one  hun- 
dred years,  and  allowing  that  that  would  be  precipitated  upon  8  inches 
of  melting  snow,  the  diversion  channel  was  more  than  twice  suflicient 
to  meet  all  those  requirements,  and  yet  that  lake  overflowed  and  caused 
all  that  damage. 

Mr.  Parsons.  The  criticism  could  be  met  here  absolutely  bv  making 
the  whole  of  the  dam  a  masonry  dam  to  the  bottom.  We  6ave  pro- 
vided here  a  sufficient  estimate  to  build  an  all-masonry  dam  if  it  is 
desired  to  do  so. 

Senator  Dryden.  Will  you  point  out  on  the  map  about  where  these 
diversion  channels  run  and  where  they  empty? 

Mr.  Parsons.  The  diversion  channel  I  am  speaking  about  comes 
right  in  here  [indicating  on  mapj  alongside  the  dam  and  would  flow 
directly  into  the  line  of  the  canal. 

Senator  Dryden.  Does  part  of  the  water  from  that  lake  empty  into 
the  Pacific  and  part  into  the  Atlantic? 

Mr.  Parsons.  The  jplan  is  arranged  so  that  the  management  can  let 
that  water  flow  into  the  Pacific,  if  they  want  to.  We  have  proposed  a 
series  of  control  sluices  in  the  neighborhood  of  CorozaL  so  tnat  during 
the  time  when  the  tide  in  the  Pacific  is  lower  than  tne  water  in  the 
canal— that  is  to  say,  for  one-half  of  the  day — the  water  could  be 
drawn  from  this  lake  southerly  through  the  canal  and  through  those 
sluices  into  the  Rio  Grande,  and  at  other  times  the  water  would  go 
northerly  through  the  canal  to  the  Atlantic. 

Senator  Ankeny.  Is  that  water  adequate  at  all  times  for  all  necessi 
ties  of  that  canal  ? 

Mr,  Parsons.  In  a  sea  level  proposition  no  water  is  needed  for  the 
operations  at  all.     You  see  there  are  no  locks  except  the  tidal  locks. 

Senator  Morgan.  Take  the  case  of  a  lock  canal. 

Mr.  Parsons.  In  the  case  of  a  lock  canal,  then  they  do  not  use 
the  dam  at  Gamboa;  but  with  the  dam  at  Gatun,  as  you  can  see  by  that 
map*  the  white  and  the  blue  spaces,  they  make  a  very  much  larger 
lake  inland,  and  use  that  as  their  storage  reservoir. 

Senator  Ankeny.  Will  that  be  adequate  at  all  times? 

Mr.  Parsons.  It  will  be  adequate  for  a  very  large  amount  of  traffic. 
The  minority  has  shown  that  if  at  any  time  that  fails  to  supply  enough 
water,  a  dam  can  l)e  built  higher  up  the  Chagres  Valley  at  Alhajuela, 
making  an  additional  lake  on  the  upper  Chagres,  and  dams  can  also,  if 
desired,  be  put  on  sofiie  of  the  other  tributaries,  and  so  store  up 
enough  water  to  carry  through  the  operation  of  the  locks,  even  witb 
enormous  tonnage,  through  the  dry  season. 

Senator  Mor«an.  Take  a  lock'  canal  about  10  miles  in  length,  be- 
tween Gamboa  and  Pedro  Miguel  or  Miraflores,  of  alK)ut  the  same 
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dimensions  with  a  sea-level  canal  that  might  run  on  either  side  of  this 
Culebra  ridge,  and  is  there  enough  water  in  that  lake  impounded  by 
the  dam,  as  proposed  by  the  majority,  for  the  regulation  of  the  Cha- 
gres  River,  to  supply  the  canal  in  full  working  order  between  those 
points  that  I  have  mentioned,  Gamboa  and  Pedro  Miguel? 

Mr.  Parsons.  There  would  be,  I  believe.  Senator,  if  you  put  your 
level  as  low  as  60  feet.  I  think  you  would  get  enough  water  in  the 
Gamboa  Lake  to  suppl}'  enough  water  for  lockage  on  a  60-foot  level, 
at  any  rate  until  your  traflic  became  very,  very  large,  and  by  that  time 
you  would  probably  have  your  locks  removed. 

Senator  Morgan.  If  you  were  to  build  a  canal  between  Gamboa  and 
Pedro  Miguel  or  Miraflores,  across  the  Culebra  heights,  would  you 
prefer  60  feet,  or  would  you  prefer  80  or  85  feet? 

Mr.  Parsons.  If  I  were  to  build  a  canal  there  I  should  figure  on 
establishing  my  locks  on  each  side  of  the  ridge  and  then  begin  to  cut, 
and  cut  that  summit  down  just  as  fast  as  I  could  cut  it  down  until  I 
met  the  locks  coming  up;  and  I  should  figure  on  getting  it  down  to  at 
least  an  elevation  of  60  feet,  or  possibly  less. 

Senator  Morgan.  Sixty  feet  or  less  ? 

Mr.  Parsons.  Yes. 

Senator  Morgan.  But  you  think  60  feet  would  be  a  safe  calculation 
as  to  the  usefulness  of  the  canal? 

Mr.  Parsons.  Yes;  I  think  you  would  have  water  enough  in  the 
Gamboa  Lake  to  supply  wat«r  for  lockages  on  the  60-foot  level  for 
the  traffic  that  could  be  passing  in  the  immediate  future. 

Senator  Morgan.  You  would  lock  up  to  it  by,  say,  two  locks  of  30 
feet  each,  and  do^n  the  same  way  if 

Mr.  Parsons.  Yes,  sir. 

Senator  Morgan.  Is  a  30-foot  lock  considered  a  dangerous  elevation 
for  a  great  ship  canal  like  thisH 

Mr.  Parsons.     Anv  locks  are  a  dangerous  elevation.  Senator. 

Senator  Morgan.  But  is  a  30- foot  lock  extraordinarily  dangerous? 

Mr.  Parsons.  No,  sir. 

Senator  Morgan.  Not  nearly  so  bad  as  a  45-foot  lock  ? 

Mr.  Parsons.  No,  sir.  A  30-foot  lock  is  a  lock  within  reasonable 
dimensions. 

Senator  Morgan.  That  is  what  I  wanted  to  get  at.     That  is  all. 

Senator  Ankeny.  You  speak  of  increased  traffic.  What  maximum 
did  you  consider  for  the  increased  traffic?  What  did  you  anticipate 
when  you  said  ''enough  for  increased  traffic"  or  for  greater  traffic^ 
That,  of  course,  is  a  term  I  do  not  quite  fix.     What  tonnage  did  you  fix? 

Mr.  Parsons.  I  have  not  fixed  any  tonnage.  In  the  minority  report, 
where  they  were  pbliged  to  make  those  calculations 

Senator  Ankeny.  I  saw  that;  but,  in  your  opinion,  what  tonnage 
should  be  fixed? 

Mr.  Parsons.  In  my  opinion,  the  figures  they  gave  there  are  a  very 
large  tonnage.  They  were  figuring,  I  think,  that  the  Gatun  lock  would 
supply  lockages  for  50,000,000  tons  per  annum.  I  think  that  they  have 
taken  a  little  too  hopeful  view  of  the  situation. 

Senator  Ankeny.  You  think  that  is  sanguine? 

Mr.  Parsons.  Yes,  sir;  I  think  their  figures  are  sanguine;  but  then, 
of  course,  50,000,000  tons  per  annum  is  an  enormous  traffic. 

Senator  Ankeny.  What  is  it  in  the  Soo? 

Mr.  Par>ons.  In  the  Soo  it  is  40,000,000  tons,  I  think. 
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The  Chairman.  You  speak  of  the  Soo.  A  better  coniparisoD  would 
be  to  compare  this  Panama  Canal  with  the  Suez  Canal,  would  it  not? 

Mr.  Parsons.  I  would  rather  compare  it  with  the  Suez. 

Senator  Ankeny.  The  Suez  is  an  oi^en  sea  canal,  and  the  Soo  is  a 
lo'ck  canal.  We  are  figuring  on  lock  canals,  and  I  do  not  think  the 
comparison  would  apply. 

Mr.  Parsons.  So  far  as  the  question  of  operation  is  concerned;  but 
1  understood  Senator  Millard's  question  to  refer  more  to  the  question 
of  traflBc. 

The  Chairman.  Yes. 

Senator  Ankeny.  Oh,  I  beg  pardon. 

Mr.  Parsons.  It  was  in  that  point  of  view  that  I  gave  the  answer* 
Senator. 

Senator  Kittredge.  Yesterdaj',  when  we  were  about  to  adjourn^ 
you  were  telling  us  about  the  speed  of  ships,  and  have  indicated  the 
additional  time  necessary  to  pass  through  the  six  locks.  At  your  con- 
venience will  you  give  your  figures  for  that  operation^ 

Mr.  Parsons.  Tne  board,  on  page  50  of  its  report,  stated  that  the 
dimensions  adopted  b}'  the  board  will  permit  ^^a  speed  of  6  miles  per 
hour  for  the  largest  existing  vessels  using  it,  and  of  not  less  than  8 
miles  per  hour  for  the  average  ship."  Ihe  canal  is  substantially  50 
miles  long  from  deep  water  in  the  Atlantic  to  deep  water  in  the  Pacific, 
of  which  40  miles  are  between  shore  and  shore  and  with  a  more  or 
less  restricted  channel.  Take  the  minimum  figures  for  the  average 
ship  of  8  miles  per  hour — and  those  figures  are  based  on  the  experience 
of  the  Manchester  and  Suez  canals — and  we  would  have  40  miles  at  8 
miles  an  hour,  or  five  hours  for  the  land  portion^of  the  canal;  and 
then  10  miles  at  10  miles  per  hour,  making  an  hour  more,  so  that  it 
would  take  six  hours  for  vessels  to  travel  from  ocean  to  ocean,  exchi- 
siveof  the  delays  in  stopping  to  get  orders,  to  be  measured,  to  pay 
duties,  and  so  forth,  which  are  inseparable  from  any  canal  and  of  course 
entirely  independent  of  type  of  the  canal.  It  would  take  six  hours  of 
steaming  time  at  the  minimum  rates,  as  proved,  to  go  through  the 
canal. 

Taking  a  lock  canal  on  the  same  basis,  and  again  the  length  of  50 
miles,  and  there  are  12  miles  of  the  restricted  channel,  and  38  miles  of 
either  open  sea,  dredging  or  lake  navigation,  where  we  will  assume 
the  vessel  could  make  10  miles  an  hour.  We  would  therefore  have  for 
the  lock  canal  1:2  miles  at  8  miles  per  hour,  or  an  hour  and  a  half  of 
time  consumed,  and  38  miles  at  10  miles  per  hour,  or  three  and  eight- 
tenths  hours'  time  consumed.  Then,  as  I  showed  vou  3'esterday.  there 
would  be  four  hours — a  trifle  more,  but  I  take  four  hours — oi  time 
lost  in  going  through  the  locks;  making  a  total  time  ^of  nine  and  three- 
tenths  nours  in  passing  through  the  lock  canal,  provided,  of  course, 
there  were  no  delays.  Nine  and  three-tenths  hours'  time  is  slightly 
less  than  the  minimum  time  assumed  by  the  minority  of  the  commit- 
tee, so  that  that  indicates  that  I  have  computed  that  fairly. 

In  regard  to  the  question  of  dela3^s,  in  the  sea-level  canal  there  would 
be  a  delay  first  in  passing  the  tidal  lock  which,  at  the  worst,  the  Board 
has  estimated  would  take  an  hour.  Inasmuch  as  half  the  time  that  lock 
will  be  open,  and  there  will  be  no  delay,  and  part  of  the  rest  of  the 
time  the  tidal  variation  will  not  be  at  the  maximum,  so  that  the  hour 
would  be  diminished,  a  half  hour  would  be  lost  on  the  average  ship  at 
the  tidal  lock.    That  would  seem  to  be  a  reasonable  figure.    That  would 
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make,  therefore,  six  and  one-half  hours  in  goinjr  through  the  sea-level 
canal  and  nine  hours  and,  say,  one-half,  in  going  through  the  lock 
canal,  or  a  difference  of  three  hours  in  favor  of  the  sea-level  canal. 

The  Board  has  also  stated — and  this  was  written  after  the  experience 
of  the  Manchester,  Kiel,  and  Suez  canals,  and  subscribed  to  by  the 
men  who  have  charge  of  those  canals:  ''The  width  adopted  for  the 
canal  will  be  sufficient  to  permit  steamers  to  maintain  a  speed  of  H  to 
8  knots  per  hour  and  to  allow  two  merchant  steamers  to  pass  one 
another  on  the  line  of  the  canal  without  stopping."  So  that  all  ordi- 
nary vessels  of  commerce  will  not  have  to  stop  in  passing  through  the 
sea-level  canal.  They  might  have  to  slow  down  in  passing  each  other. 
So  that,  if  you  will  allow  half  an  hour  or  an  hour  for  tne  delays  in 
transit  passmg  vessels,  you  will  have  from  seven  to  seven  and  one-half 
hours  of  time  consumed  in  passing  through  the  sea-level  canal,  as 
against  nine  and  one-half  hours  in  passing  through  the  lock  canal. 
But  in  the  lock  canal  I  have  allowed  nothing  for  the  delays  in  vessels 
passing  each  other  in  the  12  miles  of  restricted  channel. 

Senator  Knox.  Which  ttikes  you  about  as  long  as  it  does  to  get  up 
from  Sandy  Hook  to  dock  in  a  fog? 

Mr.  Parajons.  I  think  I  have  spent  even  more  time  in  that  operation, 
Senator. 

Senator  Kititiedgk.  An  advantage  of  at  least  two  hours  f 

Mr.  Parsons.  An  advantage  of  at  least  two  hours. 

Senator  Kittredge.  In  favor  of  the  sea-level  canal  i 

Mr.  Parsons.  Yes,  sir;  in  favor  of  the  sea-level  canal. 

Senator  Kittredge.  In  this  connection  I  call  your  attention  to  the 
testimony  of  Mr,  Stevens,  the  chief  engineer  of  tlie  Commission,  found 
on  page  255.     I  will  read  the  question— 

''Senator  Dryden.  Can  you  tell  how  long  it  would  dela}'^  a  boat  of 
the  largest  character  that  would  be  likely  to  go  through  there  to  be 
lifted  up  and  go  through  one  of  these  locks  i 

"Mr.  Stevens.  To  get  through  the  three  locks ^ 

''Senator  Dryden.  Yes,* sir. 

*'  Mr.  Stevens.  They  ought  to  go  through  in  from  45  to  55  minutes." 

Have  you  any  comment  to  make  upon  that  statements 

Mr.  Parsons.  In  saying  anything  which  might  be  interpreted  as  a 
criticism  of  Mr.  Stevens,  1  should  like  to  sa^  that  I  noticed  in  reading 
the  testimony  as  it  appeared,  that  the  first  time  that  you  called  him  he 
«tated  that  he  had  explained  to  the  Board  of  Consulting  Engineers, 
when  it  was  on  the  istnmus  in  the  autumn,  that  he  had  been  so  busy 
with  other  matters  that  he  had  given  practically  no  thought  at  all  to 
the  type  of  the  canal;  and  when  you  had  him  before  you  at  your  first 
meeting  in  Washington — I  think  you  had  him  before  you  three  times — 
he  stftted  again  that  he  had  given  but  very  little  attention  to  the  type 
of  the  canal,  having  been  engaged  in  other  matters;  and  that  at  that 
time  he  had  not  read  the  minority  report,  and  had  not  studied  the 
majority  report.     That,  I  think,  appears  in  the  testimony. 

Senator  Kittredge.  Do  you  remember  the  date  of  that?  It  wa.s 
January  16,  was  it  not? 

Mr.  {^ARSONS.  I  think  that  was  the  date  when  he  was  first  called. 
It  is  a  matter  of  record  here. 

Senator  Kittredge.  It  is  not  material.  You  need  not  stop  to  look 
it  up. 
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Mr.  Parsons.  Yes;  he  was  first  called  January  16,  and  bis  second 
testimony,  which  is  the  time  you  are  now  referring  to,  was  a  week 
later,  on  January  23.  The  second  time  he  stated  that  in  the  interval 
he  had  read  the  two  reports  twice  each.  So  that,  as  1  say,  in  making 
what  would  look  like  a  criticism  of  Mr.  Stevens — I  am  not  trying  to 
criticise — I  want  to  preface  it  with  this  statement,  that  Mr.  Stevens 
practically  disclaimed  responsibility  for  definite  knowledge. 

In  speaking  of  vessels  going  through  those  locks  in  from  forty-five 
to  fifty -five  minutes,  I  think  that  Mr.  Stevens  misread  one  of  the 
papers  in  the  appendix  to  the  report,  where  Mr.  Noble  and  Mr.  Kip- 
ley  showed  that  the  theoretical  interval  between  two  steamers  in  pass- 
ing through  the  triple  locks  would  be  fifty  minutes — that  is,  fifty 
minutes  alter  the  first  vessel  had  entered  the  lock  it  would  be  possible 
to  introduce  a  second  vessel,  but  the  first  vessel  would  still  be  in  the 
process  of  being  locked  through.  And  that  was  the  theoretical  time, 
where  everything  was  to  work  exactly  right. 

Working  it  out  on  the  theoretical  time,  substantially  as  laid  down 
by  those  gentlemen,  and  then  making  an  allowance  of  50  per  cent, 
which  is  found  in  the  lock  canals  to  be  about  a  proper  allowance  to 
make  for  actual  practice,  it  would  take  two  hours  and  nineteen  min- 
utes instead  of  lorty-five  to  fif tv-five  minutes  to  pass  a  flight  of  three 
locks;  and  those  are  the  times  that  have  been  practically  incorporated 
in  the  estimate  of  the  minority  as  to  the  time  taken  to  go  through  the 
canal. 

Senator  Kittredge.  On  the  subject  of  the  passage  of  large  ships 
through  this  canal,  I  call  your  attention  to  the  statement  of  Mr.  Stevens^ 
found  on  page  268,  where,  in  answer  to  a  question  propounded  by 
Senator  Morgan,  Mr.  Stevens  said  FreadingJ: 

'^  Mr.  Stevens.  My  opinion  is  that  a  very  large  ship  could  never 
be  assured  of  getting  through  a  sea-level  canal  of  the  dimensions 
reported  without  grounding,  unless  she  ran  at  such  speeds  as  would 
practically  destroy  the  usefulness  of  the  canal,  for  this  reason:  That 
out  of  the  49  miles  there  is  over  29  miles  that  is  only  200  feet  wide, 
and  you  can  see  from  the  map  that  it  is  more  or  less  tortuous  in  direc- 
tion. I  think  that  this  situation  would  be  accentuated  by  the  immense 
number  of  small  streams  carrying  flood  water  directly  into  the  canal 
at  the  depths  that  they  would,  from  30  to  150  or  160  feet.  They  are 
constantly  carr3^ing  in  detritus  that  would  make  shallow  bars  that 
would  very  soon  render  the  navigation  of  such  a  canal  impracticable 
for  large  ships,  and  sooner  or  later  for  all  ships,  unless  there  were  a 
fleet  of  dredges  kept  constantly  working  from  one  end  to  the  other  to 
keep  it  open." 

Have  you  any  criticism  or  comment  to  make  upon  that  statement  of 
Mr.  Stevens? 

Mr.  Parsons.  The  table  which  I  read  in  answer  to  Senator  Mor- 
gan's question  a  few  minutes  ago  would  seem  to  have  bearing  on  that 
auestion.  I  do  not  think  that  Mr.  Stevens  had  fully  in  mind  the 
imensions  of  the  Panama  Canal  as  compared,  for  instance,  with  the 
Suez  Canal.  When  he  speaks  about  the  narrow  channel,  he  must  have 
overlooked  the  fact  that  the  sea-level  channel  is  50  per  cent  wider  than 
the  bottom  width  of  the  Suez  Canal  and  it  is  actually  wider  than  the 
width  of  the  Suez  Canal  plus  the  passing  places  in  addition;  also  that 
it  has  a  depth  30  per  cent  greater,  ancTtnat  its  maximum  curvature 
is  40  per  cent  greater  than  the  maximum  curvature  of  the  Suez.     In 
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other  words,  it  is  a  very  much  larger  canal,  and  very  noiucb  less  tor- 
tuous than  the  Suez  Canal,  where  vessels  are  going  backward  and 
forward  eonbtantly,  and  have  been  doing  so  for  a  great  many  years. 

Senator  Hopkins.  What  is  the  size  of  the  vessels  that  go  through 
the  Suez  Canal  ? 

Mr.  Parsons.  Of  course  all  types  of  vessels  go  through  the  Suez 
Canal. 
Senator  Hopkins.  What  are  the  largest  that  go  through  that  canali 
Mr.  Parsons.  The  largest  i>assenger  steamer  of  which  I  have  record 
was  the  GroHsefi'  Kurfurst^  with  a  length  of  500  feet,  a  beam  of  62,8, 
and  a  draft  of  over  26  feet.  The  British  battle  ship  Terrible^  with  a 
length  of  500  feet,  a  beam  of  71  feet,  and  a  draft  of  26.4  feet  has  also 
gone  through. 

Senator  Morgan.  Those  are  the  largest  ships  that  have  yet  passed 
through  the  Suez  Canal? 
Mr.  Parsons.  They  are  the  largest  that  I  know  of;  yes,  sir. 
Senator  Hopkins.   There  are  no  streams  that  flow  into  the  Suez 
Canal,  are  there? 

Mr.  Parsons.  I  have  never  been  through  the  Suez  Canal.     May  I 
ask  General  Davis  if     He  has  been  through  twice. 
General  Davis.  There  are  none. 

Senator  Morgan.  And  a  fresh-water  canal  from  Alexandria  runs  in 
there,  does  it  not? 

Mr.  Parsons.  I  would  rather  have  you  ask  General  Davis  that, 
Senator. 

General  Davis.  Yes,  sir;  there  is  a  fresh-water  canal  leading  from 
the  Nile  to  Ismailia. 
Senator  Morgan.  What  are  the  dimensions  of  that  canal  ? 
General  Davis.  It  is  about  10  feet  deep  and  about  80  feet  wide.     It 
also  extends  to  Saez,  on  the  Red  Sea  side,  and  by  aqueduct  pipes  to 
Port  Said,  on  the  Mediterranean. 

Senator  Morgan.  That  canal  is  kept  full  of  fresh  water  for  the 
supply  of  the  population  ? 
General  Davis.  Yes,  sir;  and  for  irrigation. 

Senator  Kittredge.  I  want  to  call  your  attention  to  Mr.  Stevens's 
testimony,  found  on  page  278  of  the  record.  In  answer  to  a  question 
by  Senator  Hopkins  Mr.  Stevens  testitied: 

*' Mr.  Stevens.  To  go  through  the  looks?     I  should  not  suppose 
that  it  would  take  over  fifteen  or  twenty  minutes.     I  understand  that 
at  the  Poe  lock  on  the  St.  Marys  C3anal  they  put  ships  through  in 
nine  minutes." 
What  is  the  fact  about  that? 

Mr.  Parsons.  I  think  that  Mr.  Stevens  there,  in  his  hurry  to  read 
the  reports  through,  had  not  properly  taken  into  account  the  times 
I  requu-ed.  In  order  to  pass  the  roe  lock,  Mr.  Ripley  states,  in  his 
I  paper  on  that  subject,  that  after  a  vessel  has  actually  stopped,  and  omit- 
ting the  time  lost  in  slowing  down  to  come  to  a  stop,  it  then  takes  her 
nine  minutes,  on  the  average,  to  go  from  that  stop  mto  the  lock;  then 
three  minutes  to  close  the  gates;  nine  minutes  to  nil  the  lock  or  empty 
Jt;  three  minutes  to  open  the  gate,  and,  say.  tive  minutes  to  move  out  of 
the  lock,  making  a  theoretical  time  of  twenty-nine  minutes  from  the 
tJnie  the  vessel  is  stopped  until  it  leaves  the  lock. 

Tliat,  again,  assumes  that  all  those  operations  are  to  be  made  exactly 
*>n  time,  without  any  interval  of  time  between,  and  without  making 
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any  allowance  for  the  time  lost  by  the  steamer  in  slowing  up  to  come 
to  the  first  stop,  and  of  course  assuming  that  there  is  nothmg  in  her 
way.  The  probabilities  are  that  in  order  to  pass  the  Foe  lock  forty- 
five  to  fifty  minutes  will  be  taken,  without  any  allowance  for  loss  of 
time  on  account  of  other  vessels  being  in  the  way.  The  board  assumed 
that  it  would  take  an  hour  to  pass  even  the  tidal  lock  at  Sosa  under 
the  worst  conditions  of  the  greatest  adverse  tide.  I  think  Mr.  Ste- 
vens in  trying  to  read  the  report  hurriedly  has  not  weighed  the  time 
lost  in  passing  through  the  locks,  and  possibly  when  he  takes  up  this 
question  to  study  it  ne  might  want  to  have  ^  a  chance  to  revise  his 
opinions. 

Senator  Kittredge.  I  also  call  your  attention  to  Mr.  Stevens's  testi- 
mony found  on  pages  28i  and  285,  in  which  he  states  his  preference 
for  a  lock  canal;  and,  among  other  things,  he  says  that  the  danger  of 
navigation  in  a  sea- level  canal  is  greater  than  in  a  lock  canal,  and  so 
forth.  The  portion  I  refer  to  is  lengthy,  and  I  shall  not  again  put  it 
in  the  record. 

Mr.  Parsons.  That,  again,  seems  to  be  based  upon  Mr.  Stevens's  mis- 
conception of  the  Suez  Canal;  and,  by  the  way,  I  should  like  to  call 
attention  to  a  typographical  error,  where  the  words  ''Soo  Canar' 
appear  instead  of  ''Suez  Canal." 

Senator  Kittredge.  In  whose  testimony  'i 

Mr.  Parsons.  In  Mr.  Stevens's  testimony. 

Senator  Kittredge.  Where  is  that? 

Mr.  Parsons.  It  is  in  the  long  paragraph,  the  fourth  from  the  bot- 
tom, about  one  third  the  way  down,  where  he  states:  ''That  in  the 
Soo  Canal,  which  was  the  longest  example  of  a  canal  in  the  world- 
something  like  90  miles,  I  believe — no  two  ships  are  allowed  to  pass 
at  speed."     It  obviously  means  Suez  Canal. 

Senator  Kittredge.  '  1  understood  that. 

Mr.  Parsons.  That  comes  back  to  the  tal)le  I  read  a  few  moments 
ago,  that  Mr.  Stevens  has  misconceived  the  dimensions  of  the  Suez 
Canal.  Of  course,  with  a  bottom  width  of  108  feet  it  is  impossible  for 
two  boats  to  pass,  and  as  the  passing  places  are  arranged  one  of  them  has 
to  go  into  a  passing  place  and  stop  there.  With  the  additional  widen- 
ing that  is  now  in  progress  with  the  Suez  Canal  it  is  expected  to 
widen  the  canal  to  a  width  of  148  feet,  approximately,  all  the  way 
through — in  other  words,  to  connect  the  passing  places — when  ordi- 
narv  vessels  will  pass  each  other  without  the  necessity  of  tying  up. 

'The  Chairman.  These  large  ships  that  are  being  built  now  coulu  not 
pass  in  that  width,  could  they  ? 

Mr.  Parsons.  Not  at  speed;  no.  With  those  very  large  ships  now 
being  built,  or  in  the  case  of  a  battle  ship,  which  steers  badly,  undoubt- 
edly one  vessel  would  have  to  stop;  but  in  a  case  like  that,  where  there 
is  room  enough  to  pass  at  all  points,  the  meeting  places,  of  course,  could  • 
be  very  easily  effected  and  arranged  by  telegraphic  orders  to  the  two 
ships  in  advance,  and  one  vessel  woula  stop  anywhere  and  the  other 
vessel  would  simply  go  by. 

Senator  Hopkins.  The  great  majority  of  ships  that  pass  through  the 
Suez  Canal  do  not  exceed  400  feet  in  length,  do  they  'i 

Mr.  Parsons.  No.  That  is,  the  ordinary  ships  of  commerce  are  not 
these  very  large  ships. 

Senator  Hopkins.  And  the  depth  of  the  Suez  Canal  is  not  sufficient 
to  permit  vessels  of  the  largest  type  to  pass? 
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Mr.  Parsons.  No;  the  very  large  vessels;*  can  not  go  through.  They 
are  deepening  the  canal  now  so  as  to  permit  it. 

Senator  Morgan.  The  Suez  Canal  is  W  miles  long,  is  it  not — not  90 
miles? 

Mr.  Parsons.  1  was  reading  from  Mr.  Stevens's  testimony. 

Senator  Morcjan.  He  was  mistaken  in  the  length  of  it  by  9  miies, 
then.     As  I  understand  it,  it  is  99  miles  long. 

Senator  Hopkins.  That  Suez  Canal  passes  through  a  i>erfectly  level 
country,  does  it  not^ 

Mr.  Parsons.  It  does. 

Senator  Hopkins.  Of  a  sandy  soil? 

Mr.  Parsons.  Of  a  sandy  soil.  There  are  some  rock  and  some  hard 
material. 

Senator  Morgan.  There  is  a  good  deal  of  marl,  is  there  not? 

Mr.  Parsons.  That  is  what  Imeant  by  hard  material. 

Senator  Hopkins.  Has  the  Suez  Canal  any  lock  at  all  ? 

Mr.  Parsons.  No,  sir. 

Senator  Hopkins.  None  whatever  ? 

Mr.  Parsons.  No. 

Senator  Morgan.  I  thought  it  had  a  tide  lock  on  the  Mediterranean, 
but  Mr.  Parsons  says  it  has  not. 

I  would  like  to  draw  Mr.  Parsons's  attention  to  another  matter. 
Taking  the  floor  of  the  canal  to  be  40  feet  below  mean  sea  level  all  the 
way  across  the  Isthmus,  vou  would  encounter  rock  at  Gamboa,  and 
you  would  continue  to  encounter  it  until  you  got  to  Pedro  Miguel, 
digging  the  canal  at  that  depth  below  sea  level? 

Mr.  Parsons.  Yes,  sir. 

Senator  Morgan.  About  what  would  be  the  average  height,  if  you 
can  come  at  the  computation  in  any  way,  of  that  mass  of  rock  above 
sea  level  through  that  extent  ?  Would  it  be  10  feet  thick,  or  5  feet,  or 
20  feet,  or  what  ? 

Mr.  Parsons.  Between  Gamboa  and  Pedro  Miguel  ? 

Senator  Morgan.  Yes. 

Mr.  Parsons.  I  think  I  can  get  it  from  the  profile  here,  sir.  [Re- 
ferring to  map.]  The  rock  or  rocky  material,  I  suppose,  would 
average  between  those  points  100  or  125  feet. 

Senator  Morgan.  In  depth  ? 

Mr.  Parsons.  Yes,  sir. 

Senator  Morgan.  So  that  that  much  of  rock  material  would  have 
lo  be  removed  before  you  would  get  to  the  floor  of  the  canal  ? 

Mr.  Parsons.  Yes,  sir;  possibfy  to  the  floor  of  the  canal  it  might 
even  be  somewhat  more  than  that.  In  the  greater  part  of  that  dis- 
tance, through  the  Culebra  cut,  the  surface  of  the  ground  now  is,  in 
round  numbers,  from  140  to  150  feet  above  mean  sea  level,  and  that 
would  be  180  feet  above  the  bottom  of  the  canal.  That  is  nearly  all 
in  either  rock  or  rocky  material. 

Senator  Morgan.  About  what  would  be  the  length  in  miles  of  this 
cut  through  this  rock  ? 

Mr.  Parsons.  Between  Obispo  and  Pedro  Miguel  is  8  miles,  in 
round  numbers. 

Senator  Morgan.  So  that  there  would  be  8  miles  of  rock  to  be  re- 
moved, one  hundred  and  how  many  feet  thick,  did  you  say? 

Mr.  Parsons.  On  an  average,  say,  125  feet. 
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Senator  Morgan.  Well,  that  is  in  the  main  tough,  hard  rock — 
basalt,  is  it  not? 

•  Mr.  PARSo^s.  It  is  basalt  or  a  very,  very  hard  clay  that  amounts 
almost  to  a  rock.  It  is  very  variable  in  quality,  but.  it  is  either  rock 
or  rocky  material.     It  all  requires  blasting. 

Senator  Morgan.  I  wish  to  ask  you  whether  the  joint  board  of 
engineers,  in  their  study  of  this  sea -level  route,  took  into  considera- 
tion its  liability  to  convulsions  from  volcanoes  or  earthquakes? 

Mr.  Parsons.  We  did. 

Senator  Morgan.  You  took  it  into  consideration? 

Mr.  Parsons.  We  did. 

Senator  Morgan.  Did  you  notice  the  report  that  was  made  by  Ad- 
miral Walker  and  his  Commission,  called  the  "  Nicaragua  t^anal 
Commission,"  in  1899,  in  which  they  say : 

"  For  Panama  the  records  show  28  earthquakes.  Of  these,  12  oc- 
curred in  the  three  years  1882,  1883,  and  1884,  which  illustrates  the 
incompleteness  of  the  record  as  a  whole.  The  only  one  that  could 
be  called  destructive  was  that  of  1621,  which  destroyed  nearly  all  the 
houses  in  Panama.  The  next  most  severe  was  that  of  September  7, 
1882.  During  this  earthquake  a  part  of  the  front  of  the  cathedral 
in  Panama  was  thrown  down  and  the  headquarters  building  of  the 
canal  company  was  cracked ;  the  railroad  had  its  track  and  roadbed 
in  places  thrown  out  of  line,  and  the  masonry  of  three  or  four  bridges 
and  culverts  was  damages ;  at  Las  Cruces"  the  church  was  thrown 
down ;  at  Colon  some  lives  were  lost  and  crevasses  were  opened,  and 
the  Jamaica  telegraph  cable  was  broken." 

That  is  a  statement  of  that  Commission. 

The  report  was  made  in  the  daily  Star  and  Herald  of  September  8, 
1882,  as  follows : 

[Star  and  Herald,  Heptember  14, 1882.] 
8E\T:BE     earthquake    on     the     isthmus — MUCH     DAMAGE     DONE. 

During  the  past  week  the  Isthmus  has  been  visited  by  several  eartliquakes 
which  have  done  damage,  but  which  fortunately  have  only  caused  two  deaths. 
The  following,  copied  from  the  dally  Star  and  Herald,  describes  the  events  as 
they  occurred  from  day  to  day : 

[Daily  Star  and  Herald,  September  8.] 

On  Thursday,  7th  instant,  at  3.20  in  the  morning,  the  inhabitants  of  Panama 
were  aroused  from  their  beds  by  one  of  the  longest  and  most  severe  earthquake 
shocks  which  has  ever  been  experienced  in  this  city.  It  was  preceded  by  a 
hollow,  rumbling  noise  which  aroused  and  alarmed  many  persons.  The  motion 
was  wave-like,  and  proceeded  almost  directly  from  north  to  south.  The  first  and 
most  severe  shock  must  have  lasted  at  least  thirty  seconds.  Commencing  with 
a  moderate  movement,  it  deepened  in  Intensity,  and  toward  the  finish  was  so 
violent  in  strength  that  had  it  lasted  ten  seconds  longer  it  is  probable  that  at  this 
moment  there  would  not  be  a  house  standing  in  Panama.  The  shock  had  hardly 
terminated  when  the  streets  were  filled  with  people,  many  of  whom  sought  the 
outskirts  of  the  town  in  order  to  avoid  danger  from  the  fall  of  edifices.  A  sec- 
ond and  milder  shock  occurred  about  half  an  hour  after  the  first  one. 

It  is  almost  impossible  to  depict  the  alarm  and  excitement  which  followed. 
Panama  has  always  been  considered  exempt  from  the  mighty  natural  convul- 
sions which  are  experienced  almost  periodically  in  the  countries  through  which 
the  giant  Cordillera  stretches  its  mountainous  and  volcanic  ridges.  That  the 
shocks  this  morning  were  of  exceptional  violence  appears  to  indicate  a  terrible 
calamity  in  some  of  those  districts — and  in  all  probability  in  the  north — ^rather 
than  a  possibility  that  the  old-time  freedom  of  the  Isthmus  from  earthquakes  Is 
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nbont  to  disappear,  and  tbat  henceforth  we  are  to  be  subject  to  such  dangerous 
and  fearful  visitations  as  those  which  on  that  morning  threatened  the  city  with 
niln. 

The  amount  of  damage  done  can  not  as  yet  be  estimated,  but  it  must  amount 
to  at  least  $250,000.  The  municipal  building  and  assembly  rooms,  under  which 
the  Cascada  Is  situated,  were  much  damaged.  The  whole  of  the  massive  balcony 
fell  bodily  into  the  square,  dragging  with  it  the  roof  and  all  adjacent  timber. 

The  cathedral  also  suffered  severely.  Almost  the  whole  of  the  ornate  pedi- 
ment composed  of  heavy  blocks  of  masonry,  fell  through  the  roof  or  onto  the- 
steps  leading  to  the  principal  entrance.  Every  arch  in  the  nave  is  cracked  and 
split,  and  large  stones  and  pieces  of  cement  have  fallen  from  them.  The  side 
aisles  are  also  seriously  damaged,  and  an  expenditure  of  at  least  $50,000  will  be 
required  to  restore  the  building.  The  roof  of  the  assembly  room  will  be  re- 
paired at  an  early  date.  Governor  Borbua  having  acted  with  remarkable  celerity 
and  commenced  work  at  once  in  order  that  the  archives  and  furniture  may  not 
be  exposed  to  damage  from  the  rain. 

Private  houses  damaged  are  Innumerable,  and  owners  as  yet  fail  to  form  a 
correct  idea  of  the  losses  they  have  Incurred.  The  walls  of  the  canal  office  are 
cracked  in  several  places,  and  the  edifice  requires  strengthening.  No  estimate 
of  damage  can  be  made,  but  an  expenditure  of  several  thousand  dollars  must 
be  incurred  to  render  the  building  as  safe  as  it  was  before  the  shock. 

The  ruins  of  buildings  destroyed  by  fire  are  unfortunately  too  conspicuous  in 
the  center  of  the  city.  Their  danger  has  frequently  been  pointed  out,  and  the* 
earthquake  has  now  accentuated  the  peril  consequent  on  their  being  allowed  to- 
remain  as  heretofore.  Masses  of  these  ruins  have  fallen  down,  and  gaping- 
cracks  prove  the  necessity  that  they  should  be  torn  down.  Outside  the  city  a 
number  of  houses  have  suffered.  The  tower  of  Malambo  Church  has  fallen,, 
and  a  piece  several  yards  square  of  the  roof  of  Santa  Ana  Church  has  tumbled 
in.  The  crash  among  glassware  and  bottles  has  been  universal,  Mr.  Brakemeier 
alone  being  a  loser  to  the  extent  of  $2,000  from  this  cause.  General  Aizpuru's 
honse,  in  the  Calle  Real,  has  suffered  severely,  as  has  also  that  of  Don  Manuel 
Hnrtado,  in  front  of  the  Government  house.  Others  who  have  suffered  damage- 
are  Sefiores  Antonio  Jimenez,  Agustin  Clement,  Jos6  Manuel  Casts,  Barsallo,. 
and  the  Grand  Hotel,  but  the  full  extent  of  the  damage  done  will  not  be  known 
until  the  investigating  committee  has  concluded  it8  labors. 

Several  hours  have  now  elapsed  and  there  has  been  no  repetition  of  the 
shocks.  It  may  therefore  be  confidently  anticipated  that  they  will  not  be 
repeated. 

The  Pacific  Mail  steamship  Clyde  arrived  from  San  Francisco  on  the  night  of 
the  6th.  The  earthquake  was  severely  felt  on  board.  Passengers  declared  that 
it  appeared  as  if  the  ve.ssel  were  lifted  bodily  from  the  sea  and  allowed  to  fall 
back. 

Thanks  to  the  kindness  of  Mr.  J.  B.  Stearns,  general  manager  of  the  Central 
and  South  American  Cable  Company,  we  are  able  to  inform  our  readers  that  the 
offices  at  Buenaventura,  in  Cauca,  and  San  Juan  del  Sur,  in  Nicaragua,  an- 
nounce that  no  shock  has  been  felt  in  either  of  those  ports.  The  cable  is 
working  excellently  and  gives  no  sign  that  a  general  volcanic  disturbance  has 
taken  place. 


The  effects  of  the  earthquake  along  the  railroad  have  been  most  marked. 
The  stone  abutments  of  several  of  the  bridges  have  been  cracked  and  split  and 
the  earthwork  has  sunk  in  a  half  a  dozen  places.  Gangs  of  men  were  put  at 
work  on  Thursday  so  that  traflSc  might  be  resumed  as  usual  at  the  earliest 
possible  day.  Mr.  Woods  and  his  subordinates  have  been  active  and  energetic 
as  usual,  and  cars  were  busily  employed  loading  ballast  to  fill  the  sunken 
places,  while  lumber  was  being  cut  and  prepared  to  support  the  short  bridges 
which  have  been  weakened,  as  already  mentioned,  through  the  cracking  of  the 
abutments. 

All  along  the  railroad  track  the  earthquake  was  severely  felt  At  Empera- 
dor,  Gatun,  Ma^chin,  and  all  the  canal  stations  much  alarm  was  created. 

In  several  places  where  the  direct  action  of  the  shock  appears  to  have  made 
Itself  most  strongly  felt  the  rails  were  curved  as  if  they  had  been  intentionally 
b€Dt 

Mr.  Woods,  general  superintendent  of  the  railway,  went  across  the  same 
morning  and  returned  as  far  as  Bailamona  in  the  afternoon.  Neither  train 
crossed  in  the  afternoon.    The  Panama  train  stopped  on  this  side  of  Baibi- 
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moim  bridge  and  the  passengers  and  their  baggage  were  transferred  to  band 
and  push  cars,  and  thus  conveyed  8  miles  over  the  road  to  Bohio  Soldado— the 
farthest  point  the  train  from  Colon  could  reach. 
'  The  earthquake  created  great  alarm  in  Colon.  The  freight  house  was  dam- 
aged, and  it  was  rumored  that  one  or  two  were  killed,  but  no  certain  information 
on  this  point  has  been  obtainable.  It  is  known,  however,  that  t>vo  gentlemen 
l)roke  their  legs  through  jumping  from  the  upper  stories  of  houses. 

The  telegraph  wire  was  down  during  the  early  part  of  the  day,  but  communica- 
tioii  was  reestablished  at  about  4  p.  m. 

The  sea  was  remarkably  calm  at  Colon  at  the  time  of  the  severe  shock,  thus 
tending  to  prove  that  the  earth  motion  has  not  extended,  as  at  first  supposed,  to 
the  West  Indies. 

The  passengers  and  mails  i)er  Koyal  Mail  steamer  Don  could  not  come  acroSs 
yesterday,  so  that  the  Lima,  after  being  delayed  a  day,  had  to  leave  for  the  south 
without  them. 


[Daily  Star  and  Herald,  September  8.] 

Mother  Earth  on  the  Isthmus  has  not  as  yet  returned  to  her  ordinary  QUies 
<?ent  condition.  The  severe  shock  of  the  morning  of  the  7th  has  been  followed 
by  several  of  less  Intensity,  but  which  do  not  appear  to  make  their  effects  felt 
over  such  a  wide  area.  On  Thursday  afternoon  several  vibrations  were  ex- 
perienced in  different  localities  which  were  not  felt  In  Panama. 

At  11.30  p.  m.  on  the  7th  a  sharp  shock  alarmed  the  whole  city  and  drove  the 
people  from  their  houses  to  the  squares.  Hundreds  of  ladles,  accustomed  to 
•every  convenience  and  comfort,  preferred  to  pass  the  night  on  mattresses, 
couches,  and  chairs  in  the  public  plazas  to  running  the  risk  of  being  crushed  to 
-death  in  the  houses.  The  inconveniences  of  the  situation  they  thus  accepted 
were  obvious  to  the  less  timid,  who  walked  from  one  square  to  another  to  see 
these  temporary  and  uncampalgn-llke  encampments. 

A  slighter  shock  occurred  at  about  3  In  the  morning,  but  fortunately  neither 
Jt  nor  Its  predecessor  added  further  ruin  to  that  already  Incurred  In  the  city. 

All  the  shocks  have  been  felt  on  the  Islands  In  the  bay  and  some  houses  have 
suffered  at  Taboga. 

La  Chorrera  has  been  very  unfortunate.  The  church  and  the  cemetery  are 
a  mass  of  ruins,  and  a  number  of  houses  have  fallen.  A  bakery  took  fire  and 
it  and  the  adjoining  house  were  totally  destroyed  by  fire. 

Between  Gavllan  and  Punta  Mala,  in  the  vicinity  of  this  city,  a  prevas.se  has 
Aliened  which  is  10  meters  in  width. 

Some  of  the  ruinous  walls  are  being  taken  down,  but  there  are  several  yet 
standing  which  are  a  permanent  menace  to  adjoining  properties  and  the  lives 
of  their  Inhabitants. 


[Colon  correspondence  Daily  Star  and  Herald,  September  9.] 

On  the  morning  of  September  7,  at  about  3.15.  the  residents  of  Colon  were 
aroused  from  their  peaceful  slumber  by  the  earthquake  shock  which  has  caused 
so  much  alarm  and  so  considerable  damage  to  the  whole  Isthmus.  The  dura- 
tion of  the  shock  was  fully  sixty  seconds  and  was  so  severe  that  the  whole  popu- 
lace rushed  from  their  domiciles  Into  the  streets  as  rapidly  as  their  feet  could 
■carry  them. 

The  greatest  alarm  prevailed.  Alwut  half  an  hour  afterwards  another  shock 
was  felt,  but  much  lighter  than  the  first.  The  sensation  produced  by  the  first 
iind  more  violent  shock  was  that  the  whole  town  was  about  to  sink  into  the 
bowels  of  the  earth.  No  very  considerable  damage  was  done.  Several  buildings 
were  more  or  less  damaged.  Including  the  French  consulate,  the  house  of  Mr. 
F.  R.  Cowan,  the  Panama  Railroad  freight  houses,  and  the  wharves,  the  Inter 
national  Hotel,  some  smaller  tenements  In  the  rear  of  the  town  In  the  alley 
known  as  Cash  street.  One  of  the  latter,  built  of  brick  and  w;ood  in  the  style 
known  as  brick  noggin,  was  wrecked  completely,  and  one  unfortunate  occu 
pant,  a  native,  was  killed.  Two  others,  one  a  Frenchman  and  the  other  a 
bookkeeper  for  Messrs.  Isaacs  &  Asch,  had  each  a  leg  broken  In  their  haste 
to  escape.  The  former  will  have  to  submit  to  the  painful  operation  of  amputa- 
tion. 

A  deep  fissure  was  opened  In  the  earth  from  the  south  end  of  the  freight  house 
for  a  distance  of  about  400  feet  along  the  walk  leading  In  the  direction  of  the 
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ice  houses.  Many  buildings  were  moved  slightly  from  their  foundations,  but 
on  the  whole  remarkably  little  damage  was  done.  On  board  the  vessels  In  the 
harbor  the  shock  was  also  felt  very  severely. 

The  losses  sustained  were  principally  in  the  breakage  of  bottles  in  the  various 
stores  and  shops,  and  the  smashing  of  crockery,  mirrors,  etc..  In  private  resi- 
dences. This  is  pronounced  the  most  severe  shaking  up  ever  before  experienced 
in  the  history  of  the  country  since  the  discovery  and  conquest,  but  on  the  whole 
the  town  has  escai>ed  without  serious  injury.  On  the  7th  Instant,  about  1  p.  m., 
another  much  slighter  shock  was  felt,  and  during  the  night  of  the  same  day  two 
more  slight  disturbances  were  reiwrted.  The  people  of  the  town  have  become 
quite  alarmed  and  quite  demoralized  by  these  events,  many  rushing  to  the 
churches  and  calling  upon  God  for  protection  and  deliverance.  If  the  result 
proves  beneficial  to  the  moral  tone  of  the  city,  the  tonic,  although  severe,  may 
not  be  regretted. 

It  may  be  of  meteorological  interest  to  observe  that  the  pea  at  the  time  re- 
mained here  calm,  the  atmosphere  quite  clear,  and  the  stars  and  waning  moon 
remarkably  brilliant.  Soon  after,  say  about  4  o'clock,  a  slight  fog  wafted  from 
inland.  No  rain  fell.  All  day  an  ominous  calm  prevailed,  without  rain,  with 
fluctuating  barometer  and  excessive  heat,  which  led  many  to  fear  a  return  of 
the  shocks  during  the  night  of  the  7th,  and  few  slept.  But  with  the  slight 
exceptions  noted  all  remained  quiet. 


Another  correspondent  writes  from  Colon : 

**At  about  10  minutes  past  3  this  morning  we  experienced  the  most  horrible 
earthquake  that  I  ever  felt  In  my  life.  The  damage  done  I  can  not  estimate. 
A  German  employed  as  bookkeeper  by  Messrs.  Isaacs  &  Asch  threw  himself  out 
of  the  window  and  broke  his  leg,  and  a  colored  man  followed  his  example,  with 
a  similar  result  Two  men  have  been  killed,  one  of  them  being  burled  under  a 
falling  roof.  The  whole  of  the  made  ground  between  the  wharves  and  the 
lagoon  is  split  In  a  number  of  places. 

"A  number  of  houses  have  suffered  severely.  Some  have  fallen  down  bodily. 
Number  four  mole  and  the  freight  house  has  been  damaged.  All  here  think 
the  motion  lasted  at  least  one  minute,  and  that  it  moved  from  the  southeast 
toward  the  northwest" 


[Daily  Star  and  Herald,  September  11.] 

A  slight  earthquake  shock  occurred  on  the  morning  of  the  9th  a  little  before 
r.  o'clock.  Much  alarm  was  naturally  created,  but  fortunately  no  damage  was 
ilone.  The  frequent  repetition  of  these  movements  causes  a  painful  and  uneasy 
feeling  among  the  populace.  A  number  of  families  passed  the  night  on  board 
the  vessels  in  the  bay  and  many  in  the  public  squares,  and  on  Saturday  a  great 
many  occupied  the  light  cane  houses  on  the  outskirts  of  the  city  and  at  the 
Savnna. 

The  same  shock  was  lightly  felt  in  Colon  and  along  the  railroad  track.  No 
damage  was  done,  and  work  was  continued  on  the  houses  Injured  by  the  shock 
of  the  7th  Instant 

All  day  on  Saturday  no  shock  was  felt,  and  the  night  passed  quietly.  At 
midday  on  Saturday  there  was  a  marked  change  in  the  atmosphere,  and,  with 
T  refreshing  shower  which  fell,  the  murky,  sultry  air  of  the  previous  days 
entirely  disappeared. 

The  rumor  of  a  volcanic  eruption  at  the  town  and  fort  of  Chagres  is  pro- 
nounced entirely  false.  Thoroughly  reliable  iiersons  were  there  at  1  p.  m.  on 
Saturdav  and  reached  Colon  the  sjimo  evening.  They  report  the  earthquake  to 
have  been  felt  there,  and  that  the  earth  had  cracked  slightly  in  two  or  three 
[/laces.    Bevond  this  no  damage  was  done. 

The  shocks  have.been  lightly  felt  on  board  the  vessels  in  the  bay,  but  they 
have  experienced  absolutely  none  of  the  tidal-wave  effects  which  so  frequently 
accompany  widespread  and  powerful  convulsions. 

Passenger  and  freight  trains  will  run  over  the  road  to-day  as  usual,  as  it  is 
believetl  all  the  breaks  will  have  been  thoroughly  repaired  last  evening. 

The  earthquake  destroyed  the  little  church  at  Cruces  and  damaged  a  few 
houses. 
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The  rumors  of  a  volcanic  eruption  at  Gbagres  are  entirely  without  founda- 
tion, 'i'bo  eartliquake  was  felt  there,  did  some  little  damage,  and  opened  a  few 
cracks  in  the  ground. 

A  cablegram  received  from  Mr.  Scrymser,  the  president  of  the  Central  Amer- 
ican Cable  Company,  announces  that  in  New  York  it  was  known  the  Colon  cable 
was  broken  and  that  nothing  had  occurred  in  Cuba  and  the  other  islands. 


[Daily  Star  and  Herald,  September  12.] 

A  commission  of  canal  employees  left  Panama  on  Sunday  afternoon  and  pro- 
ceeded to  Chagres  to  Inspect  the  ground  where  the  volcanic  eruption  is  said  to 
have  taken  place.  A  photographer  accompanies  them  in  order  to  obtain  exact 
representations  of  any  physical  changes  which  may  have  occurred.  The  prin- 
cipal members  of  it  are  MM.  Canel,  Alvo,  and  Canell.  It  is  believed  they  will 
he  absent  about  a  fortnight,  as  they  have  to  examine  a  wide  field. 

The  rumors  of  the  volcanic  eruptions  near  Chag^res  and  Cruces  are  declared  to 
be  entirely  false  by  people  arrived  from  there.  One  or  two  persons  declare,  how- 
ever, that  at  20  miles  from  Chagres,  in  the  direction  of  "the  coast,"  a  small 
mud  volcano  has  been  observed,  but  these  statements  are  as  untrustworthy  and 
false  as  many  which  have  been  set  current  within  the  past  few  days. 

The  truth  of  the  matter  appears  to  be  that  the  repeated  shocks  have  settled 
the  loose  alluvial  soil,  and  that  subsidence  has  occurred  in  several  places,  leav- 
ing fissures  in  some  and  in  others  ejecting  the  thin  mud  formed  on  the  lower 
-strata  by  the  percolation  of  water.  All  the  fissures  observed  so  far  present  the 
same  characteristics  and  appear  to  be  formed  In  the  manner  described  and  not 
by  volcanic  rents  originating  in  the  bowels  of  the  earth. 

The  bridges  on  the  railroad  are  now  fully  restored  and  freight  and  passenger 
trains  crossed  as  usual  yesterday. 

More  rain  is  falling  at  Colon  and  on  the  other  side  of  the  Isthmus  than  on  the 
Panama  side. 

Three  old  and  valueless  ranches  fell  at  Gatun  when  the  severe  shock  of  the 
7th  took  place.  A  beam  from  one  of  them  struck  and  instantly  killed  a  poor 
woman,  who  was  asleep. 

A  number  of  people  have  walked,  ridden,  and  canoed  through  the  center  of  the 

Isthmus  in  order  to  discover  the  supposed  volcanic  center.    Their  labor  has  been 

valueless,  and  all  have  returned  convinced  that  no  excessively  severe  motion  has 

'been  experienced  in  any  part    No  loss  of  life  has  occurred  save  the  three  cases 

we  have  reported. 


[Daily  Star  and  Herald,  September  18.] 

The  earthquake  of  the  7th  instant  was  felt  at  the  Pearl  Islands  in  the  bay.   At 

'  San  Miguel  one  of  the  walls  of  the  church  fell  in,  and  the  inhabitants  took  the 
saints  out  and  carried  them  in  procession  in  the  hope  of  preventing  the  repeti- 
tion of  the  convulsion.    They  were  panic-stricken.    A  correspondent  writes  that 

-  the  earth  continued  moving  for  five  minutes,  but  this  must  be  incorrect 

At  Donoso,  Govea,  and  Rio  Indio  a  number  of  shocks  have  been  felt,  and  the 
people  have  been  milch  frightened.    At  Miguel  la  Borda,  35  miles  from  Colon. 

'  in  the  direction  of  Bocas  del  Toro,  the  tide  rose  to  an  unusual  height  and  flooded 
some  of  the  houses,  which  are  built  on  the  beach  almost  on  a  level  with  the  sea. 
The  earth  is  said  to  have  sunk  in  about  a  dozen  places,  and  that  cattle  have  been 
lost  from  this  cause.    The  governor  of  the  district  writes  officially  that  several 

'  boiling  springs  have  suddenly  appeared,  some  of  which  throw  hot  water  to  a 
considerable  height    Although  ofiicial,  this  report  lacks  confirmation. 

Many  people  believe  they  felt  shocks  in  Panama  during  the  night  of  the  11th 
instant,  but  the  majority  declare  no  movement  took  place.  Overexcitement  In 
many  oases  conduces  the  belief  that  the  earth  is  trembling,  and  the  least  sound, 
such  as  a  heavy  cart  passing  through  the  streets,  is  at  onwe  converted  by  the 
excitable  into  the  commencement  of  a  catastrophe. 

A  number  of  houses  in  Colon  have  suffered.  A  list  Is  being  drawn  up.  The 
heavy  stone  ofllces  of  the  canal  company  have  been  badly  cracked,  and  the 

■  employees  are  removing  the  desks,  etc.,  to  another  building.  The  International 
Hotel,  one  of  the  largest  buildings  in  Colon,  has  been  somewhat  damaged,  but 

I  the  trivial  nature  of  the  injury  in  such  an  extensive  edifice  seems  to  prove  that 


rNVFiSTTGATION   OP   PANAMA  GAKAL   MATTBK8.  437 

good  brickwork  can  resist  moTements  which  seriously  injure  houi^s  which 
have  been  cheaply  constructed.  The  moles  in  front  of  the  freight  house  and 
the  made  ground  at  the  back  of  it  show  signs  of  the  movement,  but  the  heavy 
stone  walls  of  the  building,  although  cracked  in  some  places,  are  sound  and 
good,  while  the  iron  trestlework  which  sustains  the  roof  and  holds  the  walls 
together  is  as  tight  and  plumb  as  the  day  it  was  put  together.  Many  frame 
houses  have  sagged  over  in  different  directions.  The  majority  of  these  houses 
were  never  remarkable  for  symmetry ;  now  they  zigzag  one  way  and  the  other 
and  give  the  town  a  most  peculiar  appearance.  Ifr  must  be  remembered  there 
are  a  number  of  frame  buildings  in  Colon  which  were  run  up  as  the  earth  was 
dumped  into  the  sea  to  form  the  spit  on  which  the  town  stands,  and  that  con- 
setiuently  it  is  not  surprising  if  the  slightest  shake  should  affect  these  frail 
wooden  structures  which  have  been  exposed  during  nearly  thirty  years  to  the 
vicissitudes  of  the  variable  tropical  climate. 

The  bronze  statue  of  Christopher  Columbus  was  shaken  free  from  the  stone 
pedestal  on  which  it  stands,  and  moved  about  4  inches  from  its  former  loca- 
tion.   It  can  be  readjusted  at  slight  cost. 

At  6  a.  m.  yesterday  the  rain  was  pouring  down  in  torrents  in  Colon. 

The  Harrison  steamer  Mediator  has  arrived  at  Colon,  and  reports  that  a 
slight  shock  of  earthquake  was  felt  in  Cartagena  on  the  morning  of  the  7th. 
No  damage  was  done.  Letters  from  there  dated  the  9th  scarcely  mention  the 
occurrence,  thus  proving  the  little  importance  attached  to  it 

Letters  have  been  received  from  the  towns  of  La  Villa,  Chitre,  Macaracas, 
■and  Nata,  all  in  this  State,  announcing  that  several  shocks  have  been  felt,  but 
that  the  material  of  which  the  houses  are  built — bamboos  and  adobes — resisted 
the  movements  and  have  suffered  no  damage.  At  La  Villa  the  bells  in  the 
<'hurch  rang  several  times.  The  people  do  not  appear  to  have  been  so  alarmed 
na  they  have  been  in  other  parts  of  the  Isthmus. 


[Daily  Star  and  Herald,  September  14.] 

Messrs.  Schuber  Brothers*  steamer  Cargador,  from  ports  in  the  northern  De- 
partments of  the  State  of  Panama,  arrived  yesterday,  reports  that  repeated 
^earthquakes  have  been  felt,  but  that  no  damage  to  life  or  property  has  followed. 

The  canal  Commissioners  sent  to  examine  reported  volcanic  effects  in  the 
<-enter  of  the  Isthmus  have  telegraphed  that  they  are  unable  to  find  traces 
proving  that  the  shocks  have  been  sharper  there  than  anywhere  else  in  the 
State. 

Two  or  three  slight  tremblings  were  experienced  in  this  city  during  the  night 
of  the  12th,  but  they  caused  no  alarm.  Many  people  are  returning  to  their 
houses. 

I  wanted  to  call  your  attention  to  that  situation  and  to  ask  you 
"vvhether  the  taking  out  of  165  feet  of  rock  for  a  distance  of  10  miles 
through  the  Culeora  Heights,  if  it  had  occurred  before  that  earth- 
quake took  place,  would  not,  in  your  judgment,  have  produced  very 
serious  consequences? 

Mr.  Parsons.  I  think  not,  Senator. 

Senator  Morgan.  You  say  not? 

Mr.  Parsons.  I  think  not. 

Senator  Morgan.  Is  it  your  opinion  that  the  deeper  you  go  into 
the  earth  across  that  Isthmus  the  greater  the  security  is  against 
■earthquakes  ? 

Mr.  Parsons.  No,  sir. 

Senator  Morgan.  Do  you  not  think  that  that  uplift  of  land  called 
"Culebra  Ridge,"  underlaid  by^  this  strata  or  basaltic  rock,  is 
fl^ronger  to  resist  earthquake  motion  than  it  will  be  when  you  have 
<lug  it  out  to  40  feet  below  sea  level  ? 

Mr.  Parsons.  I  do  not  believe  that  the  depth  of  that  excavation 
"Would  have  any  effect^  one  way  or  the  other. 

Senator  Morgan.  You  think  not? 
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Mr.  PERSONS.  I  think  not,  sir. 

Senator  Morgan.  Within  a  reasonable  period,  as  late  as  the  31st  of 
January,  1906,  an  earthquake  has  occurred  on  the  coast  below  Pan- 
ama, not  distant  more  than  200  or  250  miles,  I  think,  which  entered  a 
bay  on  the  Pacific  side  of  Ecuador  and  passed  throuffh  to  Cartagena, 
which  is  on  the  Madeira  River,  in  the  State  of  Commbia,  and  that 
earthquake  broke  the  cables  in  four  places,  and,  as  the  papers  state, 
tore  down  villages  situated  on  this  bay  that  I  speak  of ;  and  its  effects 
were  also  transmitted  through  to  Cartagena  to  such  an  extent  that  a 
cable  in  that  vicinity — I  do  not  know  exactly  where  it  is  located — ^was 
also  broken.  That  indicates  that  there  is  a  repetition  of  this  volcano 
or  earthquake  action  still  going  on. 

Mr.  Parsons.  Oh,  yes;  we  have  earthquakes  all  over  the  world. 
We  have  them  here  and  in  New  York — everywhere. 

Senator  Morgan.  Do  you  think  that  a  lock  canal  across  the  Isthmus 
of  Panama  would  be  no  safer  than  a  sea -level  canal  under  those  con- 
ditions ? 

Mr.  Parsons.  I  do  not  think  it  would  be  as  safe. 

Senator  Morgan.  Will  you  state  a  reason  for  that? 

Mr.  Parsons.  I  think  that  the  danger  to  be  feared  from  earthquakes 
is  in  connection  with  the  locks — ^in  throwing  the  gates  out  of  adjust- 
ment, so  that  you  could  not  work  them. 

Senator  Morgan.  That  would  be  an  additional  danger? 

Mr.  Parsons.  I  think  so.  I  consider  that  the  greatest  danger  from 
earthquakes  would  be  felt  at  the  locks.  I  should  not  be  so  much 
afraid  of  an  earthquake  in  an  open  excavation.  You  might  have, 
undoubtedly  would  have,  rock  thrown  off  from  the  side;  and  if  the 
rock  came  down  upon  and  struck  a  passing  ship  you  would  have  an 
accident. 

Senator  Morgan.  All  of  the  witnesses  here  have  described  bits  of 
what  they  call  slipping  or  creeping  clay  that  are  found  in  this 
^eat  elevation  at  tne  greatest  aeptn  of  the  Culebra  cut  that,  in 
times  of  great  rainfall,  come  out  oi  their  location  and  fall  upon  the 
benches,  and  so  forth,  and  some  of  them  have  fallen  down  upon  the 
diggings  and  covered  up,  as  they  state,  tracks  and  cars  and  the  like 
of  that.  Now,  if  you  take  out  the  stone  to  a  depth  of  40  feet  below 
sea  level  through  the  Culebra  cut,  would  it  or  would  it  not  greatly 
increase  the  danger  of  the  filling  up  of  the  canal  by  these  landslides? 

Mr.  Parsons.  The  clay  is  found  at  the  extreme  summit  of  Culebra 
cut,  and  the  great  bulk  of  that  clay  will  be  removed  in  the  ordinary 
construction  of  the  canal.  Mr.  Stevens  himself,  in  his  testimony,  has 
gone  into  that  with  very  great  thoroughness.  I  noticed  that  when  I 
read  over  his  testimony.  And  I  think  he  showed  that  the  biggest 
slide  that  they  have  had  there  includes  only  some  200,000  or  225,000 
cubic  yards,  if  I  remember  the  figures  correctly;  so  that  even  that 
big  slide  is  of  no  great  amount,  and  that,  he  explained,  is  being  caused 
by  the  water  gettmg  into  the  top  and  sliding  that  clay  off. 

Senator  Morgan.  The  main  point  that  I  want  to  grt  at  is  this: 
Whether  or  not  this  consulting  board  regarded  the  fact  that  i^nch 
an  earthquake  as  I  have  read  about  here  occurred  in  1882,  and  that 
there  Avere  a  number  of  instances  before  mentioned  in  the  report  of 
Admiral  Walker;  whether  that  board  disregarded  or  ignored  the 
possible  effect  of  the  recurrence  of  these  earthquake  movements  in 
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considering  both  types  of  the  canal;  whether  they  disregarded  it 
as  an  element  not  worthy  of  consideration  ? 

Mr.  Parsons.  Oh,  no;  the  possibility  of  earthquakes  was  taken 
iiito  account.  It  was  one  of  the  reasons  of  the  majority,  and  it  was 
one  of  my  own  reasons  for  preferring  the  sea-level  canal.  I  con- 
sider that  there  is  very  much  less  danger  of  damage  to  a  sea-level 
canal  by  earthquakes  than  there  would  be  with  a  lock  canal.  The 
locks  are  necessarily  more  or  less  delicate  structures.  The  gates  have 
to  close  exactly;  they  are  very  heavy,  weighing  hundreds  of  tons, 
and  there  is  also  the  machinerjj  to  operate  them.  With  a  very  vio- 
lent earthquake  if  the  foundations  of  that  lock  were  disturbed  the 
gates  would  not  operate  and  you  would  have  to  take  the  gates  down 
and  reconstruct  them.  It  might  even  be  that  the  gates  would  be  so 
thrown  out  as  to  leak  and  dram  off  the  water  from  that  upper  level. 

Senator  Morgan.  So  that  you  consider  a  sea-level  canal  safer 
against  earthquake  movements  than  a  lock  canal  through  that  por- 
tion? 

Mr.  Parsons.  Very  much  more  so. 

Senator  Morgan.  But  that  a  lock  canal  can  be  constructed  with 
locks  at  Gamboa,  which  is  practically  outside  of  this  rock  belt,  and 
locks  at  Pedro  Mi^el  and  Miraflores,  which  is  practically  outside 
also,  in  the  other  direction  ? 

Mr.  Parsons.  Yes. 

Senator  Morgan.  So  that  locks  constructed  at  those  places  would 
not  be,  as  you  think,  so  amenable  to  earthquake  disturbance  ? 

Mr.  Parsons.  Oh,  no ;  I  think  you  run  the  risk  of  earthquake  dis- 
turbance all  the  way  across.  I  would  rather  have  no  locks  at  all; 
but,  as  we  were  discussing  yesterday,  if  you  are  going  to  put  in  a 
c-anal  that  can  be  transformed  into  a  sea-level  canal,  the  be^t  way  is 
to  put  in  locks  on  the  north  and  south  flanks  of  the  divide,  and  then 
remove  them  subsequently,  after  the  beginning  of  the  operation  of 
the  canal. 

Senator  Kittredoe.  What  would  be  the  distance  between  a  lock  at 
Obispo  and  at  Pedro  Miguel? 

Mr.  Parsons.  About  8  miles. 

The  Chairman.  If  no  other  Senators  desire  to  ask  any  questions 
we  will  excuse  you,  Mr.  Parsons,  and  we  are  very  much  obliged  to 
you.  The  committee  will  have  no  meeting  this  afternoon,  but  will 
adjourn  until  half  past  10  to-morrow. 

(The  committee  thereupon  adjourned  until  to-morrow,  March  15, 
1906,  at  10.30  o'clock  a.  m.) 
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STATEMENT  OF  ALFRED  NOBLE 

BEFOEE  THE  COMMITTEE  ON  INTEROCEANIC  CANALS, 
UNITED  STATES  SENATE. 


I8THMIAK  CANAL. 


C!oMMITTEB  ON    IntBROCEANIC   CaNALS, 

United  States  Senate, 
Washington^  D.  C,  Thursday^  March  16^  1906. 

The  committee  met  at  10.30  o'clock  a.  m. 

Present:  Senators  Millard  (chairman),  Kittredge,  Dryden,  Hop- 
kins, Knox,  Ankeny,  Morgan,  Taliaferro,  and  Sinamons. 
Present  also,  Maj.  Gen.  George  W.  Davis,  U.  S.  Army  (retired). 

STATEMEHT  OF  ALFEED  NOBLE,  EStt. 

The  Chairman.  Mr.  Noble,  kindly  state  your  name  and  address  to 
the  stenographer. 

Mr.  Noble.  Alfred  Noble;  No.  1  West  Thirty-fourth  street.  New 
York. 

Senator  Kittredge.  What  is  your  age,  Mr.  Noble? 

Mr.  Noble.  Sixty-one. 

Senator  Kittredge.  And  what  is  your  professional  record  and  ex- 
perience? 

Mr.  Noble.  I  was  graduated  from  the  engineering  department  of 
Michigan  University  m  1870.  For  about  two  years  preceding  I  had 
been,  the  larger  part  of  the  time,  on  harbor  works  in  Lake  Michigan, 
and  shortly  after  ^aduatlon  I  went  to  the  St.  Marys  Falls  Canal, 
where  I  remained  m  local  charge  for  twelve  years.  I  was  then  en- 
gaged in  bridge  work  at  various  localities.  I)o  you  wish  the  details 
of  that.  Senator? 

Senator  Kittredge.  Oh,  no;  just  in  a  general  way,  to  indicate  the 
experience  that  you  have  had  as  an  engineer ;  that  is  all. 

Mr.  Noble.  I  was  engaged  on  bridge  work  as  resident  engineer  and 
assistant  chief  engineer  until  1894,  and  since  that  time  I  have  been  in 
general  practice,  or,  rather,  I  was  in  general  practice  for  several 
years,  during  which  time  I  was  a  member  of  the  Nicaragua  Canal 
Board  and  ot  the  Board  of  Engineers  on  Deep  Waterways. 

Senator  Kittredge.  With  wnat  great  engineering  work  are  you 
now  connected  ? 

Mr.  Noble.  I  am  now  chief  engineer  of  a  portion  of  the  Pennsyl- 
vania Railroad  terminal  proposition  in  New  York. 

Senator  Kittredge.  You  were  connected  with  what  is  called  the 
Ludlow  Commission? 

Mr.  Noble.  Yes,  sir. 

Senator  Kittredge.  When  was  that  created,  and  how  long  did  you 
■^rve  as  a  member  of  it? 

Mr.  Noble.  That  was  created  in  the  spring  of  1895,  and  we  finished 
our  work,  I  think,  October  31  of  the  same  year. 
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Senator  Kittredge.  You  were  also  a  member  of  what  is  known  as 
the  Walker  Commission,  or  the  Isthmian  Canal  Commission  ap- 
pointed in  1899,  were  you  not? 

Mr.  Noble.  Yes,  sir ;  I  was  a  member  of  the  first  Isthmian  Canal 
Commission. 

Senator  Kjttredge.  And  continued  in  that  service  for  what  length 
of  time? 

Mr.  Noble.  Our  work  was  practically  finished  in  1901.  We  were 
disbanded  about  two  years  later,  I  think. 

Senator  Bjttredge.  During  the  past  year  you  were  a  member  of 
the  Board  of  Consulting  Engineers  of  the  Panama  Canal  ? 

Mr.  Noble.  Yes,  sir. 

Senator  Kittredge.  You  served  in  that  capacity  ? 

Mr.  Noble.  I  served  in  that  capacity;  yes,  sir. 

Senator  Kittredge.  Signing  the  minority  report? 

Mr.  Noble.  Yes,  sir. 

Senator  Kittredge.  Which  wa  have  before  us.  Of  course  you  are 
i^miliar  with  the  majority  report  of  that  Board  ? 

Mr.  Noble.  I  am. 

Senator  Kittredge.  Have  you  any  criticism  to  make  of  the  views 
of  the  majority  further  than  you  have  expressed  in  the  minority  re- 
port which  you  signed  ? 

Mr.  Noble.  I  do  not  think  that  I  have.  Senator. 

Senator  Hopkins.  Mr.  Noble,  if  there  is  any  reason  why  we  can 
not  have  a  sea-level  canal  there,  I  would  like  you  to  go  on  and  show 
why,  in  your  judgment,  that  is  not  a  good  canal  to  construct. 

Mr.  Noble.  I  think.  Senator,  that  the  comparison  of  any  two 
projects  which  capable  engineers  would  devise  for  the  isthmian  canal 
must  be  a  comparison  of  relative  advantages  and  disadvantages. 
Each  type  of  canal  has  its  features  of  superiority  and  its  features  of 
inferiority. 

Senator  Hopkins.  What  are  the  features  of  inferiority  in  the  sea- 
level  canal  now  ? 

Mr.  Noble.  The  principal  one  is  the  contracted  waterway  as  com- 
pared with  a  lock  canal,  and  its  greater  cost. 

Senator  Hopkins.  What  disadvantages  are  there  in  a  contracted 
waterwav  ? 

Mr.  ifoBLE.  Slower  speed  of  vessels  and  greater  risk  to  vessels 
traversing  the  waterway. 

Senator  Hopkins.  Have  you  read  the  testimony  of  Mr.  Parsons,  the 
engineer  who  was  last  here  before  us? 

Sir.  Noble.  No,  sir ;  I  did  not  receive  it  in  time  to  do  so. 

Senator  Hopkins.  Mr.  Parsons,  if  I  remember  his  evidence  cor- 
rectly, demonstrated  that  the  sea-level  canal  permitted  a  quicker 
passage  than  the  canal  proposed  by  the  minority,  oy  some  three  hours, 
if  I  remember. 

Senator  Kittredge.  At  least  two  hours. 

Senator  Hopkins.  Yes;  at  least  two  hours.  What  have  you  to 
say  to  that? 

Mr.  Noble.  I  think  that  the  time  required  to  pass  through  the 
Isthmian  Canal  must  be  taken  in  connection  with  the  volume  of  the 
traffic.  I  have  no  doubt  whatever  that  a  small  vessel,  meeting  no 
others,  could  pass  through  the  sea-level  canal  in  less  time  than 
through  .the  lock  canal.    1  do  not  think  that  a  vessel  of  the  largest 
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size  that  is  now  contemplated  could  do  so,  and  when  the  traffic  gets 
very  dense  I  do  not  think  that  any  of  them  could  do  so. 

Senator  Hopkins.  Well,  why?  Why  do  you  make  that  statement? 
Make  it  clear  by  a  detailed  statement. 

Mr.  Noble.  I  think  it  is  pretty  generally  agreed  by  all  members 
of  the  Board,  practically,  that  if  two  vessels  of  moderate  size,  or 
larger,  were  to  meet  in  the  sea-level  canal,  one  of  them  would  have 
to  tie  up  while  the  other  passed.  That  is  the  practice  at  Suez,  and  it 
is  expected  to  be  the  case  there,  even  after  they  get  their  widening 
completed.    That  is  the  case  at  Manchester ;  it  is  the  case  at  Kiel. 

At  those  meeting  places  it  is  necessary  to  have  a  force  of  men  to 
take  lines  and  to  assist  in  making  the  vessels  fast,  to  have  mooring 
piles  driven,  and  a  regular  place  for  it,  so  that  the  amount  of  delay 
that  would  occur  in  consequence  of  those  meetings  would  depend 
upon  the  number  and  distance  between  those  meeting  places.  In  the 
report  of  the  minoritv  is  given  the  result  of  a  calculation,  made  as 
carefully  as  we  could  make  it,  of  the  length  of  time  required  by  two 
different  types  of  ships,  with  two  different  arrangements  of  meeting 
places.  A  comparison  of  those  will  show  what  effect  the  distance 
between  mooring  places  has. 

At  Suez  the  distance  between  the  mooring  places  appears  to  be 
about  4  miles.  These  calculations  in  the  minority  report  are  based 
one  on  an  interval  of  about  5  miles  and  the  other  on  intervals  of  2^. 
Those  delays  would  be  cumulative  in  case  of  a  heavy  traffic  and 
would  very  soon,  as  traffic  increased,  make  it  require  a  longer  time  for 
ships  to  pass  the  sea-level  canal  than  to  pass  the  lock  canaL 

I  do  not  see  any  escape  from  that  conclusion. 

Senator  Hopkins.  Then  you  think  that,  while  theoretically  the 
friends  of  a  sea-level  canal  can  figrire  out  two  hours  of  time  saved 
over  the  lock  canal,  that  as  a  practical  matter  the  result  will  be  just 
the  reverse? 

Mr.  Noble.  When  the  traffic  becomes  somewhat  dense. 

Senator  Taliaferro.  Mr.  Noble,  is  it  a  fact  or  not  that  the  capacity 
of  the  lock  canal  is  measured  by  the  capacity  of  the  narrowest  point 
in  the  lock  canal,  or  the  locks  themselves? 

Mr.  Noble.  I  think  that  is  true,  without  a  doubt.  The  waterway 
in  the  lock  canal  is  so  broad  that  there  will  be  no  difficultv  in  vessels 
passing  anjrwhere,  excepting  possibly  in  a  distance  of  less  than  6 
miles  through  the  narrowest  portion  of  the  Culebra  cut. 

Senator  Taliaferro.  But  if  you  were  measuring  the  greatest  ca-^ 
pacity  of  the  lock  canal,  would  that  maximum  capacity  be  limited  by 
the  capacity  of  the  locks  in  your  lock  canal? 

Mr.  Noble.  I  think  so,  Senator. 

Senator  Hopkins.  Before  we  get  through  with  the  sea-level  canal 
I  want  to  ask  you  if  any  fair  comparison  can  be  made  between  the 
Suez  Canal  andf  the  proposed  sea-level  canal  at  the  point  proposed  by 
the  American  Government  here  at  Panama  ? 

Mr.  Noble.  I  think  the  conditions  of  navigation  through  the  two 
canals  will  be  very  much  the  same,  except  as  modified  by  the  tide-lock 
at  the  Pacific  end  of  the  sea-level  Panama  CanaL 

Senator  Hopkins.  One  of  the  engineers  who  has  testified  on  this 
subject  raised  the  point  of  objection  against  a  sea-level  canal  that 
owing  to  the  topography  of  the  country  here  and  the  Chagres  and 
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other  rivers  it  would  require  constant  dredging  to  keep  the  sea-level 
canal  clear.    What  is  your  judgment  about  that? 

Mr.  Noble.  I  think  that  is  true.  I  think  it  will  require  dredging 
to  keep  the  sea-level  canal  clear,  and  it  does  to  keep  the  Suez  Canal 
clear.     I  think  the  parallel  still  holds. 

Senator  Hopkins.  It  does  ? 

Mr.  Noble.  Yes,  sir. 

Senator  Hopkins.  In  the  case  of  the  Suez  Canal  there  are  no 
streams  running  into  that  canal,  are  there  ? 

Mr.  Noble.  No,  sir. 

Senator  Hopkins.  The  dredging  that  is  required  there  comes  from 
the  sea,  does  it,  from  either  end  of  the  canal,  or  how  does  it  come  ? 

Mr.  Noble,  I  have  never  been  at  the  Suez  Canal,  so  that  any  state- 
ment that  I  may  make  is  based  upon  the  best  information  I  can  get, 
from  reading  and  from  hearing,  from  those  who  know  of  it.  A 
great  deal  oi  sand  is  swept  into  the  Suez  Canal  from  the  dry  desert, 
and  a  large  part  of  the  maintenance,  as  I  understand  it,  is  caused  by 
that.  So  far  as  I  know,  the  entire  amount  of  maintenance,  as  they 
classify  it,  at  the  Suez  Canal  is  caused  by  that. 

May  I  add  a  sentence  to  that  ? 

Senator  Hopkins.  Certainly. 

Mr.  Noble.  This  relates  to  the  canal  itself  as  a  channel.  At  the 
Mediterranean  end,  at  Port  Said,  there  is  a  large  amount  of  main- 
tenance required  to  keep  the  entrance  channel  open.  I  am  unable  to 
say  how  the  cost  of  maintenance  should  be  divided  between  those 
two  works — one  to  keep  the  canal  open,  the  other  to  keep  the  entrance 
open. 

Senator  Hopkins.  The  canal  at  Panama  is  to  be  cut  through  a 
very  uneven  country,  is  it  not  ? 

Mr.  Noble.  Yes,  sir. 

Senator  Hopkins.  And  the  water  that  comes  from  the  Chagres  and 
other  rivers  must  be  cared  for  ? 

Mr.  Noble.  Yes,  sir. 

Senator  Hopkins.  What  is  your  judgment  as  to  the  effect  the 
waters  from  those  rivers  will  have  upon  the  sea-level  canal  at  this 
point  ? 

Mr.  Noble.  I  think  that  the  silt  brought  down  the  Chagres  River 
as  far  as  Gamboa  is  adequately  provided  for  in  the  project  for  the 
sea-level  canal.  Between  Gamboa  and  Bohio  there  is  an  area,  esti- 
mated at  250.  square  miles,  which  would  drain  naturally  directly  into 
the  canal.  A  portion  of  that,  which  is,  as  nearly  as  I  can  measure 
it  on  the  map,  about  75  square  miles — it  may  be  more  or  less — ^is  to 
be  diverted  by  the  sea-level  project  and  passed  through  the  dividing 
ridge  to  the  eastward  without  entering  the  canal.  The  drainage  or 
the  remaining  area,  150  square  miles  or  more,  will  still  flow  into  the 
canal  and  from  a  rather  rapid  watershed.  By  making  catch-basins 
at  the  mouths  of  those  streams  they  can  catch  and  retain  the  coarser 
part  of  the  material  brought  down,  without  doubt.  Still,  I  think  a 
good  deal  of  the  finer  material  would  be  swept  into  the  sea-level 
canal  and  would  require  pretty  steady  attention  in  the  way  of 
dredging. 

Senator  Kittredge.  Is  there  anything  difficult  in  that  operation? 

Mr.  Noble.  Oh,  it  is  nothing  difficult.  It  is  the  ordinary  opera- 
tion of  dredging,  involving  whatever  expense  is  attached. 
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Senator  Hopkins.  J'hat  would  have  to  be  constant,  would  it,  in 
your  judgment  ? 

Mr.  Noble.  I  think  so,  sir.  I  think  it  will  be  necessary  to  main- 
tain a  regular  plant  for  that  purpose. 

Senator  Hopkins.  For  dredging  purposes? 

Mr.  Noble.  For  dredging  purposes;  yes,  sir. 

Senator  Hopkins.  And  keep  it  constantly  in  operation? 

Mr.  Noble.  Practically  so. 

Senator  Dryden.  A  large  and  expensive  plant? 

Mr.  Noble.  It  is  pretty  difficult  to  form  an  opinion  as  to  that, 
Senator.  The  Isthmian  Canal  Commission,  when  attacking  the 
parae  problem,  made  an  estimate  of  the  cost  of  maintenance  and  of 
operation,  the  cost  of  maintenance  being  based,  as  far  as  the  main- 
tenance of  the  channel  is  concerned,  upon  an  assumed  plant  sup- 
posed to  be  adequate  to  do  it,  and  the  dredging  plant  in  that  project 
was  to  comprise  two  first-class  dredges.  In  the  estimates  for  main- 
tenance and  operation  of  the  sea-level  canal  prepared  for  the  minor- 
ity report  in  tnis  case  we  estimated  that  that  plant  would  be  doubled. 

Senator  Kittredge.  Point  out  on  the  map  tne  location  of  the  rivers 
that  are  not  provided  for  by  the  majority  in  the  matter  of  carrying 
?ilt  to  the  canal  basin. 

Mr.  Noble.  May  I  show  instead  what  rivers  are  provided  for? 

Senator  Kittredge.  I  would  like  to  have  you  do  both. 

Mr.  Noble.  The  entire  area  there  that  is  tributary  to  the  canal  or  to 
the  Chagres  between  Gamboa  and  Gatun  is  given  in  all  the  estimates 
as  250  square  miles.  Now,  approximately  tnis  area  is  provided  for 
by  a  diversion  of  its  water  supply  through  the  ridge  to  the  outlets 
east  of  the  Bohio  ridge. 

Senator  Kittredge.  You  mean  west  of  the  Bohio  ridge,  do  you  not? 

Mr.  Noble.  North  of  the  Bohio  ridge,  I  should  say,  perhaps.  Sen- 
ator. 

Senator  Kittredge.  That  is  probably  more  accurate. 

Mr.  Noble.  Yes.  Now,  this  area  measures  about  73  square  miles, 
as  I  drew  the  line  on  the  map  around  these  tributaries.  There  must 
be,  of  course,  some  uncertainty  about  that,  because,  as  you  can  see,  the 
topography  is  not  sufficiently  developed  there  to  make  that  very  cer- 
tam. 

Senator  Kittredge.  I  understand  that  you  think  that  has  been 
taken  care  of  sufficiently  by  the  majority  ? 

Mr.  Noble.  It  looks  so ;  yes,  sir. 

Senator  Hopkins.  For  the  coarse  matter;  but  has  it  for  the  fine? 

Mr.  Noble.  All  the  water,  as  I  understand  it,  will  be  retained  by 
these  dams.  No  water  will  pass  down  these  streams  below  these  dams, 
but  it  will  find  an  outlet  over  the  ridge  to  the  northward.  Conse- 
quently that  is  adequately  provided  for,  I  should  say,  as  to  fine  mate- 
rial and  coarse.     It  is  conceivable 

Senator  Kittredge.  It  stops  all  silting  material  altogether,  does  it  ? 

Mr.  Noble.  It  stops  all  silting  material  altogether.  It  is  conceiv- 
Jible  that  some  time  m  the  future  those  basins  may  fill  up  somewhat, 
but  that  is  pretty  remote. 

Senator  Kittredge.  And  neither  the  silt  nor  the  water  goes  into  the 
canal  basin? 

Mr.  Noble.  No,  sir. 

Senator  Kittredge.  Is  that  right? 
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Mr.  Noble.  That  is  the  way  I  understand  it.  - 

Senator  Morgan.  Is  it  the  project  to  throw  those  streams  that 
empty  into  the  Chagres  River  on  the  west  back  upon  their  sources 
ana  through  their  sources  into  the  sea  2 

Mr.  Noble.  Yes,  sir. 

Senator  Morgan.  To  dam  them  up  in  the  vicinity  of  the  line  of  the 
canal,  throw  them  back  upon  their  sources,  and  through  their  sources 
over  into  the  sea  at  some  other  point  ? 

Mr.' Noble.  Yes. 

Senator  Morgan.  That  is  the  project  of  protecting  that  canal? 

Mr.  Noble.  Yes.  That  water,  of  course,  will  eventually  flow  down 
the  Trinidad  through  this  swamp  and  pass  in  the  neignborhood  of 
Gatun. 

Senator  Morgan.  Yes.  That  is  the  way  in  which  that  water  is 
expected  to  be  handled  ? 

Mr.  Noble.  Yes,  sir. 

Senator  Morgan.  And  on  the  other  side,  up  there  above  Gamboa, 
that  water  is  expected  to  be  controlled  by  a  dam? 

Mr.  Noble.  By  a  dam ;  yes,  sir. 

Senator  Morgan.  And  by  underflow  ? 

Mr.  Noble.  By  an  outlet  weir  or  controlling  works  detached  from 
the  dam,  through  a  rock  site. 

Senator  Morgan.  Yes — through  sluice  gates? 

Mr.  Noble.  Yes,  sir. 

Senator  Morgan.  That  comprises,  really,  the  protection  that  is 
given  to  the  sea-level  plan  against  the  waters  of  tne  Chagres  River 
and  its  affluents? 

Mr.  Noble.  Yes,  sir. 

Senator  Kittredge.  I  wish  you  would  go  on  now,  Mr.  Noble,  and 
show  what  other  rivers  indicated  on  that  map  have  been  provided  for 
by  the  majority,  and  what  haVe  not  been. 

Mr.  Noble.  I  do  not  understand  that  any  other  streams  have  been 
provided  for  by  the  majority,-  other  than  those  that  I  have  pointed 
out. 

Senator  Kittredge.  Point  out  the  streams  that  will,  in  your  judg- 
ment, affect  the  canal  in  the  manner  indicated. 

Mr.  Noble.  I  will  point  out  all  these  coming  in  on  this  bank  above 
this  point.  Senator,  up  as  far  as  this  [indicating]. 

Senator  KrrTREOGE.  What  are  the  streams  there?  Are  you  fa- 
miliar with  the  geography  ? 

Mr.  Noble.  I  would  have  to  read  the  names,  and  I  am  afraid  I 
would  sacrifice  the  pronunciation  somewhat.  Senator.  I  will  simply 
take  them  off  the  map,  if  that  will  answer  the  purpose. 

Senator  Kittredge.  Is  that  the  only  place  ? 

Mr.  Noble.  Also  all  these  on  the  south  side,  from  Bohio  up. 

Senator  KrrrREDGE.  Are  not  those  taken  care  of  by  a  divergence 
channel? 

Mr.  Noble.  Only  during  construction.  It  is  intended,  after  con- 
struction, to  receive  them  directly  into  the  canal. 

Senator  Taliaferro.  Without  passing  them  through  dams? 

Mr.  Noble.  By  passing  them  through  pools,  in  which,  it  is  ex- 
pected, the  coarser  material  at  least  will  be  deposited. 

Senator  Taliaferro.  As  I  understand  you,  then,  all  of  the  streams 
are  provided  for  by  that  method  ?     All  ttat  empty  into  the  canal  are 
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expected  to  pass  through  pools  or  dams,  so  as  to  take  the  coarser  silt 
out  before  the  water  empties  into  the  canal  basin? 
Mr.  Noble.  I  think  so. 

Senator  Kittbedoe.  Do  you  regard  that  situation  you  have  just  de- 
scribed as  a  serious  objection  to  the  sea-level  plan  ? 

Mr.  Noble.  Only  inasmuch  as  it  makes  a  somewhat  larger  charge 
for  maintenance;  and,  as  I  have  already  said,  I  do  not  consider  that 
an  impossible  or  an  impracticable  proposition  at  all. 

Senator  E^ittredge.  How  large  are  tnese  streams  that  enter  into  the 
canal  basin  that  have  not  been  provided  for? 

Mr.  Noble.  I  could  answer  that  question  better  perhaps  by  giving 
an  estimate  of  th^  amount  of  water  that  might  possibly  be  expected 
from  them. 

At  Bohio  it  is  estimated  that  the  largest  flood  that  has  ever  passed 
down  the  river  may  have  been  136,000  or  140,000  cubic  feet  per 
second. 
Senator  Kittredge.  Which  river  is  that? 
Mr.  Noble.  That  is  in  all  of  the  basin  above  Bohio. 
Senator  Kittredge.  That  includes  the  Chagres? 
Mr.  Noble.  That  includes  the  Chagres;  certainly. 
Senator  Kittredge.  It  includes  the  water  that  comes  from  the  ter- 
ritory that  you  say  has  been  provided  for  by  the  majority? 
Mr.  Noble.  Yes,  sir. 

Senator  Kittredge.  How  much  water  passes  down  there  natu- 
rally under  present  conditions? 

Mr.  Noble.  About  136,000  cubic  feet  is  the  estimated  maximum 
flood  that  has  ever  occurred.    The  experts  differ  somewhat. 
Senator  Hopkins.  Per  second  ? 

Mr.  Noble.  Per  second.  The  experts  differ  somewhat  as  to  that. 
I  think  the  French  Panama  Canal  Companv—- those  estimates,  I 
think,  were  preoared  by  General  Abbot — considered  that  to  be  about 
112,000,  and  Mr.  Arthur  Davis,  of  the  Canal  Commission  service, 
estimated  that  it  might  be  as  much  as  136,000.  That  variation  in 
estimates  is  no  more  than  might  have  been  expected  from  the  charac- 
ter of  the  data. 

Senator  Kittredoe.  How  much  of  that  is  due  to  the  Chagres  and 
to  the  area  that  has  been  provided  for  by  the  majority? 

Mr.  Noble.  If  I  can  complete  my  answer.  Senator 

Senator  Kittredge.  Certainly ;  1  thought  you  had. 
Mr.  Noble.  I  was  about  to  state  that  this  flood  of  136,000  second- 
feet  was  collected  on  an  area  of  about  700  square  miles.  Of  that 
area  about  150  square  miles — somewhere  from  150  to  175  square 
miles — would  still  oe  tributary  directly  to  the  canal  between  Gamboa 
and  Bohio  after  the  construction  of  the  sea-level  canal,  after  exclud- 
ing the  areas  which  it  is  proposed  to  divert  to  the  northward,  and 
excluding  the  area  above  the  site  of  the  Gamboa  dam. 

The  proportionate  amount  in  regard  to  area  only  of  a  flood  of 
136,000  feet  that  would  come  from  an  area  of  150  square  miles  would 
be  about  29,000  cubic  feet  a  second,  and  that,  perhaps,  is  not  far  from 
the  maximum  amount  that  might  be  expected  to  come  into  the  canal. 
Senator  Morgan.  Mr.  Noble,  I  want  to  take  a  sort  of  a  blackboard 
lesson  from  you,  if  you  please,  about  this  business.  I  do  not  know 
anvthing  at  all  about  it.  That  is  Gamboa  [indicating]  ? 
Mr.  Noble.  That  is  Gamboa ;  yes,  sir. 
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Senator  Morgan.  There  is  a  dam  there  ? 

Mr.  Noble.  Right  here  [indicating]. 

Senator  Morgan.  This  first  body  of  water  on  this  map — dead 
water — is  made  up  of  the  waters  that  are  impounded  by  a  dam  that 
crosses  here  somewhere? 

Mr.  Noble.  Right  there,  sir  [indicating]. 

Senator  Morgan.  And  that  is  the  Giffante  River  ? 

Mr.  Noble.  The  Cano  Quebrado  and  the  Quebrancho. 

Senator  Morgan.  Where  is  the  Gigante? 

Mr.  Noble.  The  Gigante  is  over  there,  sir  [indicating]. 

Senator  Morgan.  What  is  this  here? 

Mr.  Noble.  These  are  the  three  branches  of  the  Gigante.  This  is 
called  the  Rio  Gigantito  and  also  the  Gigante  on  the  map. 

Senator  Morgan.  What  is  this  ? 

Mr.  Noble.  This  is  the  Quebrancho. 

Senator  Morgan.  That  is  much  the  largest  stream  of  any  of  them? 

Mr.  Noble.  Yes,  sir. 

Senator  Morgan.  The  longest  and  with  the  most  watershed? 

Mr.  Noble.  Yes,  sir. 

Senator  Morgan.  Now,  what  I  want  to  ascertain  is  this:  Is  it 
practicable  to  make  a  drainage  canal — I  will  call  it — cut  between 
Gamboa  and  the  mouth  of  this  river,  or,  at  least,  a  dam  on  this  river, 
and  lead  the  waters  that  flow  toward  the  Chagres  above  Gamboa  out 
into  the  sea  here  or  into  the  marshes  ? 

Mr.  Noble.  I  should  think  not.  I  should  think  that  would  be  too 
formidable  a  proposition  to  undertake. 

Senator  Morgan.  It  would  cost  too  much  ? 

Mr.  Noble.  I  should  think  so. 

Senator  Morgan.  Are  the  physical  difficulties  very  great? 

Mr.  Noble.  Very  great.  It  is  a  hilly  country  all  the  way  through 
there.  Senator. 

Senator  Morgan.  Yes.  So  that  the  sea-level  canal  would  occupy 
the  basin  of  the  valley,  the  lower  lands? 

Mr.  Noble.  Yes,  sir. 

Senator  Morgan.  And  you  think  it  would  be  too  expensive  to  un- 
dertake to  carry  off  the  flood  waters  of  the  Chagres  River  by  bring- 
ing them  down  to  the  mouth  of  this  river  or  to  the  dam  across  this 
river  and  carrying  them  out  this  way  to  the  sea? 

Mr.  Noble.  I  am  giving  you  my  impression  only,  Senator.  I  have 
not  studied  the  matter. 

Senator  Morgan.  Certainly ;  that  is  what  I  am  trying  to  get 

Mr.  Noble.  That  is  my  impression. 

Senator  Morgan.  Now,  on  the  other  side  here  are  the  very  hiffh 
hills  on  the  right  bank  of  the  Chagres,  or  what  we  might  call  tne 
right  bank  of  tne  sea-level  canal  between  Bohio  and  Gamboa. 

Mr.  Noble.  The  country  here  is  pretty  hilly.  I  do  not  remember 
what  the  altitude  of  those  hills  is. 

Senator  Morgan.  Pretty  hilly  ? 

Mr.  Noble.  It  is  a  pretty  hilly  country  all  along  this  valley. 

Senator  Hopkins.  Senator,  let  him  state  what  valley  it  is,  so  that 
the  report  will  show  that. 

Mr.  Noble.  Along  the  valley  of  the  Chagres,  between  Gamboa  and 
Bohio. 
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Senator  Morgan.  What  I  am  trying  to  get  at,  Mr.  Noble,  is 
whether,  by  hugging  the  hills,  beginning  at  Bohio  and  running  up 
to  Gamboa,  with  the  sea-level  canal,  you  would  not  free  that  canal 
from  almost  all  invasion  by  the  waters  that  flow  into  the  Chagres 
River  on  its  left  bank? 

ilr.  Noble.  I  am  giving  it  as  my  impression  only,  for  the  reason 
that  I  have  not  studied  it ;  but  I  should  think  that"  the  construction 
of  a  canal  of  that  sort  would  be  rather  difficult. 

Senator  Morgan.  Why? 

Mr.  Noble.  I  think  it  would  be  expensive;  I  think  the  course  of 
it  would  be  very  crooked. 

Senator  Morgan.  If  you  cut  off  the  hills  on  the  side  next  to  the 
river  and  threw  the  dump  right  into  the  river,  forced  it  out  so  as  to 
keep  it  away  from  the  canal,  would  not  the  expense  be  reduced  by 
the  fact  that  you  would  free  the  canal  from  this  water  ? 

Mr.  Noble.  I  could  not  say. 

Senator  Morgan.  You  could  not  say?  Have  you  ever  studied 
that  proposition? 

Mr.  Noble.  No;  I  never  have. 

Senator  Morgan.  You  would  not  think  it  was  impossible? 

Mr.  Noble.  I  would  not  say  that  it  was  impossible.  I  would  not 
even  say  that  it  is  impracticable ;  but  I  should  expect  it  to  be  so. 

Senator  Morgan.  You  would  expect  it  to  be  so? 

Mr.  Noble.  Yes,  sir. 

Senator  Morgan.  But  that  proposition  has  never  been  studied  by 
the  Board  or  by  either  the  majority  or  the  minority? 

Mr.  Noble.  No,  sir. 

Senator  Morgan.  Nor  this  proposition  of  draining  these  waters 
off  here? 

Mr.  Noble.  Not  to  my  knowledge.  The  majority  may  possibly 
have  done  so. 

Senator  Morgan.  Your  studies  have  been  confined  to  protecting 
the  canal  against  these  waters  that  flow  into  it  on  the  left  bank  of 
the  Chagres  by  dams,  some  of  which  impound  the  water  and  make 
no  further  disposition  of  it,  and  others  of  which  impound  the  waters 
and  throw  them  back  from  their  sources  into  the  sea  ? 

Mr.  Noble.  I  think  that  is  the  limit  of  the  studies.  I  think  that 
is  the  result,  in  a  way,  of  the  studies  concerning  the  drainage  on  the 
west  side  of  the  route. 

Senator  Morgan.  If  you  were  going  to  make  a  canal,  for  instance, 
on  the  plan  of  Bunau-Varilla,  or  any  of  these  other  persons  who 
have  suggested  a  lock  canal,  between  Gamboa  and,  say,  Miraflores  or 
Pedro  Miguel,  where  would  you  put  the  locks  in  the  fchagres  River? 

Mr.  Noble.  Oh,  I  suppose  that  Obispo  would  be  the  natural  loca- 
tion for  one  or  more  of  the  locks,  ana  Pedro  Miguel  certainly  for 
another,  or  very  likely  Miraflores,  depending  upon  the  number  of 
locks  built,  and  where  the  others  would  oe  in  there  I  would  not  under- 
take to  say  without  studying  the  maps. 

Senator  Morgan.  Then  the  difference  between  the  lock  that  we  are 
supposing  might  be  put  in  there  at  Gamboa  and  that  at  Miraflores  is 
about  10  miles,  is  it  not? 

Mr.  Noble.  Ten  miles;  yes,  sir. 

Senator  Morgan.  If  you  were  to  dig  a  sea-level  canal  from  the  Bay 
of  Limon  up  to,  say,  Obispo,  or  somewhere  in  that  vicinity,  until  you 
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got  to  a  good  place  to  put  in  a  lock,  could  the  canal  from  there  out  be 
supplied  by  the  water  that  would  come  from  the  Chagres  River,  im- 
pounded by  the  dam  at  Gamboa  or  in  that  vicinity  ? 

Mr.  Noble.  Oh,  I  have  no  doubt  it  could  be. 

Senator  Morgan.  You  have  no  doubt  of  that  ? 

Mr.  Noble.  No. 

Senator  Morgan.  Sufficient  for  all  commercial  purposes? 

Mr.  Noble.  I  think  so ;  yes,  sir. 

Senator  Morgan.  Between  Gamboa  and  Miraflores? 

Mr.  Noble.  I  do ;  ves,  sir. 

Senator  Morgan.  That  is  all  I  wanted  to  ask. 

Senator  Kittredge.  Have  you  covered  the  area  that  is  not  con- 
trolled by  dams? 

Mr.  Noble.  I  have  stated  that  the  maximum  volume  of  water  that 
might  be  expected  to  flow  directly  into  the  sea-level  canal  between 
Gamboa  ana  Bohio  might  be  estimated  at  29,000  cubic  feet  per 
second. 

Senator  Kittredge.  And  from  how  many  rivers  or  streams  will 
that  come? 

Mr.  Noble.  I  suppose  it  would  come  from  a  very  lar^  number  of 
little  streams — about  all  those  that  are  shown  on  this  map  and, 
doubtless,  a  great  many  more  in  case  of  a  storm  making  their  way 
down  those  hillsides. 

Senator  Kittredge.  You  say,  "  a  very  large  number?  " 

Mr.  Noble.  Yes. 

Senator  Kittredge.  Can  you  give  us  any  figures  you  have  in  mind! 

Mr.  Noble.  No;  I  could  do  nothing  better,  Senator,  than  to  read 
to  you  these  principal  ones  from  this  map. 

Senator  Ejttredge.  Are  there  60? 

Mr.  Noble.  I  should  think  there  might  be  50.  There  are  not  50 
shown,  by  any  means.  I  think  you  would  have  water  running  into 
th^  canal  at  50  points,  without  doubt. 

Senator  Kittredge.  And  wherever  the  water  comes  into  the  canal 
it  first  passes  into  a  basin  ? 

Mr.  Noble.  These  smaller  streams,  that  would  simply  be  of  a  tem- 
porary nature,  I  presume  would  not. 

Senator  Kittredge.  But  the  important  streams? 

Mr.  Noble.  The  important  streams,  as  I  understand,  according  to 
the  sea-level  plan,  would  pass  through  settling  basins. 

Senator  Kittredge.  And  then  from  the  basins  through  a  weir  into 
the  canal  basin? 

Mr.  Noble.  Into  the  canal. 

Senator  Kitpredge.  Is  that  right? 

Mr.  Noble.  That  is  right,  as  I  understand  it. 

Senator  Kittredge.  I  think  that  is  all  I  want  to  ask.  Senator  Hop- 
kins, on  that  proposition. 

Senator  Morgan.  Mr.  Noble,  how  lonff  have  you  been  acquainted 
with  and  connected  with  the  subject  of  Duilding  a  canal  across  the 
Isthmus  of  Panama  ? 

Mr.  Noble.  My  connection  with  it  was  as  a  member  of  the  first 
Isthmian  Canal  Commission,  my  active  connection  being  for  about 
two  years;  and  then  again  as  a  member  of  the  present  consulting 
board. 

Senator  Morgan.  Yes. 
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ilr.  XoBLE.  I  had  seen  the  Panama  Canal  before.  I  had  given 
some  little  attention  to  it  in  1895. 

Senator  Morgan.  You  have  studied  the  question  in  all  of  its 
phases  of  development  up  to  date  ? 

Mr.  Noble.  I  have  studied  them ;  yes,  sir. 

Senator  Morgan.  Closely  and  carefuUv  ? 

ilr.  Noble.  I  have  never  given  very  close  attention  to  the  old  Lull 
project  of  1874,  or  thereabouts. 

Senator  Morgan.  Were  you  in  that? 

Mr.  Noble.  Oh,  no ;  no,  sir.    I  have  a  copy  of  the  report 

Senator  Morgan.  That  was  the  first  report  made  by  Menocal  ? 

Mr.  Noble.  Yes,  sir. 

Senator  Morgan.  That  was  an  instrumental  survey  across  there? 

Mr.  Noble.  Yes,  sir. 

Senator  Morgan.  I  have  his  report,  and  I  think  I  will  call  the 
attention  of  the  committee  to  it  after  a  while,  as  it  will  throw  a  great 
deal  of  light  upon  this  question  even  now. 

In  your  first  study  oi  the  subject  of  a  canal  across  the  Isthmus,  as 
a  member  of  the  Isthmian  Canal  Commission  of  which  Admiral 
Walker  was  the  president,  did  that  Commission  reach  the  conclusion 
that  for  any  reason,  and  what  reason  it  may  have  been,  a  sea-level 
canal  across  that  Isthmus  was  impracticable? 

Mr.  Noble.  I  should  want  to  see  the  language  of  the  report  before 
I  would  like  to  answer  definitely  a  question  of  that  kind.  There  is  an 
expression  in  the  report  upon  the  subject  of  the  feasibility  of  a  sea- 
Jevel  canal.  I  can  give  a  reference  to  it  for  the  committee,  if  that 
would  answer  your  question. 

Senator  Morgan.  We  can  get  that  at  any  time?  That  is  in  the 
report? 

Mr.  Noble.  Yes ;  that  is  in  the  report 

Senator  Morgan.  Whatever  the  language  of  the  report  is,  that  is 
the  language  to  which  you  at  that  time  subscribed  ? 

ilr.  Noble.  Yes. 

Senator  Morgan.  But  the  Commission,  as  a  commission,  without 
anv  dissent,  rejected  the  proposition  of  a  sea-level  canal  at  that  time? 

Mr.  Noble.  Yes,  sijc. 

Senator  Morgan.  The  reasons  being  stated  in  the  report  of  the 
Commission  ? 

Mr.  Noble.  Briefly ;  yes,  sir. 

Senator  Morgan.  Then  you  projected  a  canal  with  a  dam  at  Bohio, 
which  was  the  key  of  the  situation  ? 

Mr.  Noble.  Yes,  sir. 

Senator  Morgan.  That  plan  was  upon  the  proposition  that  if  a 
dam  at  Bohio  could  not  be  established  permanently  and  satisfactorily 
it  was  not  practicable,  within  the  knowledge  or  belief  of  that  Com- 
mission, that  a  lock  canal  could  be  built  there? 

Mr.  Noble.  I  do  not  think  that  that  Question,  in  that  form,  was  be- 
fore the  Commission  or  was  considered  oy  them.  Bohio  was  thought 
at  that  time  to  be  a  practicable  site  for  a  dam. 

Senator  Morgan.  Yes.  The  Commission  studied  it  with  all  due 
care,  of  course.  Now,  since  that  time  they  seem,  all  of  them,  to  have 
abandoned  Bohio.    Can  you  state  the  reason  for  that? 

Mr.  Noble.  The  situation  at  Bohio  is  not  so  favorable  for  a  dam  as 
was  supposed  at  that  time ;    and  the  minority  believe  that  the  con- 
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ditions  at  Gatun  are  more  favorable  than  anybody  at  that  time  ex- 
pected. 

Senator  Morgan.  Yes.  Now,  was  it  not  the  fact  that  Mr.  Wal- 
lace, when  he  went  there,  conducted  borings  at  Bohio  upon  the  same 
general  axis  for  a  dam,  and  found  that  the  former  Commission  had 
not  reached  what  was  supposed  to  be  solid  rock  ? 

Mr.  Noble.  That  is  true. 

Senator  Morgan.  And  that  there  was  an  interval  of  about  40  feet 
between  the  bottom  of  their  borings  and  the  bottom  of  the  borings 
that  he  made? 

Mr.  Noble.  I  think  that  he  found,  between  the  points  where  the 
borings  were  taken  by  the  Isthmian  Canal  Commission,  places  where 
the  rock  was  deeper  bv  40  feet. 

Senator  Morgan.  Do  you  now  think  that  it  would  be  practicable 
to  put  in  a  dam  at  Bohio  that  would  answer  the  same  purpose  that  it 
was  expected  would  be  answered  by  the  dam  that  was  proposed  by 
the  Walker  Commission  ? 

Mr.  Noble.  I  believe  that  a  dam  could  be  put  in  at  Bohio  that 
would  answer  the  purpose. 

Senator  Morgan.  A  dam  could  be  put  in  there  that  would  answer 
the  purpose? 

Mr.  Noble.  Yes,  sir. 

Senator  Morgan.  If  you  were  building  a  lock  canal,  which  loca- 
tion would  vou  prefer  to-dav — the  location  at  Gatun  or  the  one  at 
Bohio?         *  ^     * 

Mr.  Noble.  The  one  at  Gatun. 

Senator  Morgan.  Will  you  please  state  the  reasons  for  that  ? 

Mr.  Noble.  One  reason  is  that  I  think  the  material  at  the  site  at 
Gatun  is  much  less  permeable  than  that  at  Bohio,  and  then  I  think 
that  the  resulting  canal  is  much  better  by  reason  of  adding  about  10 
miles  of  broad,  open  navigation  to  the  canal  route  in  place  of  a  nar- 
row cut. 

Senator  Morgan.  I  have  understood  (perhaps  I  am  mistaken  about 
it)  that  in  the  borings  that  Mr.  Wallace  has  made  at  Bohio  he  has 
gone  down  to  what  we  call  solid  rock — that  is,  basalt,  or  some  rock 
of  that  hard,  tough  nature ;  but  in  the  borings  at  Gatun,  if  I  correctly 
understand  it,  no  rock  has  been  reached  at  all? 

Mr.  Noble.  It  is  believed  to  be  the  hard,  indurated  clay,  somewhat 
of  the  character  of  that  at  Culebra. 

Senator  Morgan.  Yes;  but  that  can  not  be  called  a  rock? 

Mr.  Noble.  It  has  been  called  a  rock. 

Senator  Morgan.  Improperly,  has  it  not? 

Mr.  Noble.  Well,  it  is  pretty  hard  to  say.  Senator.  Some  of  it  has 
the  characteristics  of  rather  soft  rock.  It  seems  to  me  sometimes  that 
people  make  some  difference  as  to  the  point  of  view  of  looking  at  it. 

Senator  Morgan.  But  if  it  is  rock,  it  is  not  rock  of  the  strength 
and  consistency  of  that  which  Wallace  has  developed  by  his  borings 
at  Bohio  ? 

Mr.  NoBi^.  I  should  think  not 

Senator  Morgan.  It  is  not  ? 

Mr.  Noble.  I  should  think  not. 

Senator  Morgan.  As  a  foundation  for  a  dam,  I  suppase  the  rock  at 
Bohio  is  stronger  and  better,  of  course,  than  this  hardpan  or  indu- 
rated clay  or  rock,  or  whatever  it  may  be  called,  at  Gatun? 
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Mr.  Noble.  I  do  not  think  that  for  an  earth  dam  the  difference  is 
material  at  all. 
Senator  Morgan.  For  an  earth  dam  ? 
Mr.  XoBLE.  Yes. 

Senator  Morgan.  How  will  it  be  for  a  stone  dam  or  ii  concrete  dam? 
Mr.  XoBLE.  For  a  concrete  dam  carried  down  to  bed  rock,  assuminff 
that  a  dam  of  that  kind  could  be  built  at  either  place,  I  should  think 
the  material  at  Bohio  was  better. 

Senator  Morgan.  By  "  bed  rock  "  do  you  mean  this  material  at 
Gatun? 
Mr.  Noble.  I  was  referring  to  it  in  that  connection ;  yes,  sir. 
Senator  Morgan.  But  it  is  not  rock. 

Mr.  Noble.  I  will  say  the  material,  if  you  please,  then ;  the  indu- 
rated clay  at  Gatun. 

Senator  Morgan,  About  the  hardest  description  that  they  can  give 
to  it  is  "  indurated  day?  " 
Mr.  Noble.  Yes. 

Senator  Morgan.  Is  not  that  so  ? 
Mr.  Noble.  Yes ;  I  should  think  so. 

Senator  Morgan.  So  it  is  not  rock  at  all.     It  was  not  an  oripnal 
formation  of  rock  ? 

Mr.  Noble.  No;  it  is  not  a  rock  as  we  understand  the  term  "  rock  " 
ordinarily ;  no,  sir. 

Senator  Morgan.  That  is  what  I  am  trying  to  get  at — the  common 
understanding — ^because  we  have  to  measure  things  by  the  common 
understanding.  We  do  not  understand  it  scientifically.  Now,  are 
you  entirely  satisfied,  after  a  full  and  careful  examination  of  the 
dam  proposed  by  the  minority  of  the  consulting  engineers  at  Gatun, 
that  it  is  safe  and  satisfactory  in  every  degree? 
Mr.  Noble.  Entirely  so. 
Senator  Morgan.  You  think  that  is  so? 

Mr.  Noble.  I  think  that  plan  is  entirely  adequate  for  a  dam  at 
Gatun  that  will  be  safe  and  answer  its  purpose  perfectly. 

Senator  Morgan.  Yes ;  and  that  the  lock  site  with  a  flight  of  three 
locks  is  in  every  respect  safe  and  sufficient  for  the  accommodation  of 
the  ships  that  pass  through  ? 

Mr.  N^oble.  Oh,  I  think  so,  sir.  There  is  a  little  risk  in  any  me- 
chanical structure;  but  I  think  it  is  so  small  in  the  case  of  locks,  I 
believe  experience  show^s  that  so  fully,  that  we  may  say  with  all 
reason  that  that  is  a  safe  and  sufficient  adjunct  of  navigation. 

Senator  Morgan.  Do  you  think  that  the  proposition  of  Mr. 
Bates — ^which  I  suppose  you  have  examined— is  equally  safe? 

Mr.  Xoble.  I  think  that  Mr.  Bates's  various  projects  imply  so 
many  more  mechanical  structures  with  gradually  cumulative  objec- 
tions, so  that  the  result  is  not  quite  so  good. 

Senator  Morgan.  But  the  principle  upon  which  his  dam  is  located 

at  Gatun  and  the  other  dam  at  Mindi  is  the  same  that  is  adopted  by 

the  committee  of  consulting  engineers?     The  principle  is  the  same? 

Mr.  Noble.  Oh,  I  think  that  an  adequate  dam  can  be  built  at 

Mindi,  from  what  information  I  have. 

Senator  Morgan.  The  difference  between  the  two  is  simply  in  the 
elevation  ? 

Mr.  Noble.  And  the  number  of  structures.     If  a  dam  was  built  at 
Mindi^  it  would  be  an  embankment  across  that  natural*  depression. 
ENo  I  o— 06 30 
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They  would  still  require  a  dam  across  the  Chagres,  somewhere,  I 
suppose,  between  Gatun  and  the  sea. 

Senator  Morgan.  Yes.  Mr.  Bates  puts  it  exactly  on  the  axis'  of 
this  dam  that  is  proposed  by  the  minority  of  the  committee. 

Mr.  Noble.  But  in  addition  to  that  he  would  have  to  hare  a  dam, 
I  think,  across  the  Chagres  between  Gatun  and  the  sea,  in  order  to 
hold  up  his  Mindi  level. 

Senator  Morgan.  Yes.    Would  that  be  three  dams? 

Mr.  Noble.  That  would  be  three  dams,  by  the  time  you  got  into 
the  level  above  Gatun. 

Senator  Morgan.  Yes;  and  the  dam  across  the  Chagres,  then, 
would  be  a  controlling  work  ? 

Mr.  Noble.  Controlling  works;  yes,  sir. 

Senator  Morgan.  I  suppose  you  mean  for  the  dam  at  Mindi? 

Mr.  Noble.  Yes,  sir. 

Senator  Morgan.  And  also  for  the  dam  at  Gatun  ? 

Mr.  Noble.  And  also  for  the  dam  at  Gatun.  There  would  have 
TO  be  controlling  works  in  connection  with  a  dam  at  Gatun  to  dis- 
charge the  water  in  the  pool  between  Gatun  and  Mindi,  and  there 
would  also  have  to  be  controlling  works  to  discharge  the  water  be- 
tween the  Mindi  pool  and  the  sea.  It  is  possible,  nowever,  that  a 
site  might  be  found  for  a  single  controlling  works  from  the  Gatun 
level  into  the  sea  at  some  point  farther  to  the  westward. 

Senator  Morgan.  I  am  merely  speaking  of  his  plan.  I  want  to 
get  an  understanding  of  it  as  you  understand  it. 

Mr.  Noble,  Yes. 

Senator  Morgan.  The  dam  that  he  puts  across  the  Chagres  River 
below  Gatun  is  built,  as  I  understood  him,  on  the  plan  ana  principle 
of  the  dam  at  Assouan,  in  Egypt;  and  it  has  gates  for  letting  out  the 
flood  waters,  for  controlling  the  waters? 

Mr.  Noble.  Yes,  sir.  * 

Senator  Morgan.  And  it  is  only  a  controlling  dam,  if  I  understand 
it? 

Mr.  Noble.  I  think  that  is  so ;  that  is  my  understanding. 

Senator  Morgan.  While  that  would  be  an  additional  structure,  it 
would  add  to  the  security  of  both  the  dam  at  Gatun  and  the  dam  at 
Mindi,  would  it  not? 

Mr.  Noble,  It  would  be  absolutely  essential  to  the  stability  of  a 
dam  at  Mindi,  otherwise  the  water  would  overflow  it  and  wash  it  out. 

Senator  Morgan.  Yes.  I  will  not  go  into  the  relative  expense,  be- 
cause that  is  a  matter  of  calculation. 

Mr.  Noble.  Yes. 

Senator  Morgan.  It  is  a  matter  that  is  all  figured  out,  and  the  en- 
gineers have  stated  it,  and  I  suppose  Mr.  Bates  has  stated  it  correctly. 
Now,  taking  the  project  of  the  minority  of  the  Board  of  Consulting 
Engineers  as  presented  to  the  Government  and  to  this  committee — 
taking  that  plan,  which  you  say  you  think  is  entirely  secure,  and  com- 
paring it  with  a  sea -level  route  from  bay  to  bay,  to  which  would  you 
give  tne  preference  ? 

Mr.  Noble.  I  should  adhere  to  the  preference  expressed  by  the 
minority  for  the  lock-level  canal. 

Senator  Morgan.  You  would  give  the  preference  to  the  lock-level 
canal  over  the  sea-level  ? 
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Mr.  XoBLE.  Yes,  sir. 

Senator  Morgan.  Would  you  have  any  difficulty  in  accepting,  as  an 
engineer,  a  plan  of  a  canal  that  should  be  a  sea-level  canal  as  far  as 
Gamboa,  or  in  that  vicinity,  say  Obispo,  a  lock  canal  from  that' point 
across  to,  say  Miraflores,  and  a  sea-level  canal  out  to  the  Bay  of 
Panama?    Would  you  have  any  difficulty  in  accepting  that? 

Mr.  Noble.  I  should  think  that  would  make  a  serviceable  canal. 
It  would  sacrifice  many  of  the  advantages  of  the  lock-level  canal 
proposed  by  the  minority,  and  it  woula  have  many  of  the  disad- 
vantages, as  the  minority  considers  them,  of  the  sea-level  route. 

Senator  Morgan.  The  advantages  that  you  speak  of,  proposed  by 
the  minority,  that  would  be  thus  sacrificed,  are  the  advantages  of  nav- 
igation, are  they  ? 

Mr.  Noble.  Yes,  sir ;  mainly. 

Senator  Morgan.  Is  there  any  other  that  you  can  think  of,  of  an 
important  character? 

Mr.  Noble.  I  think  the  formation  of  the  lake  from  Gatun  to 
Obispo  simplifies  the  matter  of  maintenance  considerably  by  pro- 
viding a  larger  lake  into  which  all  the  streams,  large  and  small, 
would  be  received  at  a  sufficient  distance  from  the  canal  to  prevent 
any  material  amount  of  deposit  in  it. 

Senator  Morgan.  So  the  advantage  of  safer  and  quicker  navigation 
and  the  advantage  in  the  cost  of  maintenance  are  the  two  leading 
features? 

Mr.  Noble.  They  are  the  leading  features. 

Senator  Morgan  (continuing).  That  you  would  expect  to  obtain 
by  substituting  a  lock  canal  with  a  dam  at  Gatun  tor  a  sea-level 
canal  from  Gamboa  to  Gatun? 

Mr.  Noble.  Perhaps  I  should  add,  also,  the  materially  greater  cost 
of  a  canal  built  at  sea  level  to  Gamboa. 

Senator  Morgan.  The  canalization  would  not  be  a  very  expensive 
work  between  the  Bay  of  Limon  and  Gamboa  at  sea  level,  would  it? 

Mr.  Noble.  I  think  that  would  have  to  be  answered  by  reference 
to  the  estimates  of  the  majority  in  the  report  of  the  board. 

Senator  Morgan.  The  heavy  cost  would  come  in  between  Bohio 
and  Gamboa,  then,  in  that  project? 

Mr.  Noble.  Yes;  between  Bohio  and  Gamboa. 

Senator  Morgan.  And  that  would  be  ditching? 

Mr.  Noble.  Yes. 

Senator  Morgan.  But  that  could  be  done  by  dredging,  could  it  not? 

Mr.  Noble.  There  is  a  great  deal  of  rock  in  there.  Senator. 

Senator  Morgan.  But  can  you  not  dredge  rock  as  well  as  you  can 
dig  it  and  haul  it  out? 

Mr.  Noble.  No ;  I  think  not. 

Senator  Morgan.  I  do  not  mean  that  dredges  can  take  it  up  and 
bodily  carry  it  out;  but  can  you  not  break  it  up  and  carry  it  out? 

JVlr.  Noble.  That  can  be  done,  Senator,  but  not  so  conveniently 
as  in  the  dry,  nor  so  cheaply. 

Senator  Morgan.  Wouidf  there  not  be  a  great  advantage  in  getting 
rid  of  the  spoil  in  favor  of  a  sea-level  canal  between  the  Bay  of  Limon 
and  Gamboa  over  a  haul  by  railroad? 

Mr.  Noble.  I  could  not  say  as  to  that  without  going  into  a  detailed 
study  of  the  matter,  which  I  have  not  done. 
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Senator  Morgan.  But  would  you  not  believe,  as  a  general  engineer- 
ing proposition,  that  the  dump  that  would  be  taken  out  of  the  sea- 
level  canal — ^the  spoil,  we  will  call  i1>--could  be  hauled  off  in  barges 
into  the  sea  and  oistributed  out  there  in  whatever  way  you  chose  to 
do  it  cheaper  than  you  could  do  it  by  rail  ? 

Mr.  Noble.  I  would  not  undertake  to  say  as  to  that.  I  can  see  a 
difficulty  at  once  in  carrying  out  that  scheme,  in  this :  That  you  could 
not  commence  your  excavation  at  Culebra,  perhaps,  until  after  you 
had  gotten  your  sea-level  canal  to  Obispo. 

Senator  Morgan.  Now,  on  the  other  side,  in  the  case  that  I  am 
supposing  of  a  sea-level  canal,  say,  to  Miraflores  or  Pedro  Miguel  (I 
do  not  know  which  is  the  preferable  location)  out  to  the  Say  of 
Panama,  you  w^ould  put  your  sea-gate  or  lock  at  the  point  where  the 
high  lands  stopped  and  the  sea-level  canal  came  in  ?  You  would  'not 
have  to  have  any  additional  gate  out  in  the  direction  of  the  islands  in 
the  Bay  of  Panama  ? 

Mr.  Noble.  Oh,  no,  sir.  By  excavating  a  deep  channel  to  Mira- 
flores of  course  you  could  extend  the  sea  level  there. 

Senator  Morgan.  Yes.  You  can  extend  the  sea-level  canal  to 
Miraflores  without  any  gate  to  regulate  or  control  it,  except  at  Mira- 
flores ? 

Mr.  Noble.  Oh,  yes,  sir. 

Senator  Morgan.  Yes.    That  is  all  I  wanted  to  ask  you. 

Senator  Kittredge.  Going  back,  Mr.  Noble,  to  the  subject  that  you 
first  touched  upon,  concerning  the  speed  of  vessels^  in  making  the 
statement  that  you  have  upon  that  subject  what  size  of  ships  did 
you  use? 

Mr.  Noble.  Can  I  see  the  report  of  the  Board,  Senator? 

Senator  Kittredge.  Certainly. 

Mr.  Noble  (after  examining  the  report  of  the  Consulting  Board) : 
We  assume  two  sizes  of  ships,  one  540  feet  long  by  60  feet  beam  and 
32  feet  draft.  That  represents  somewhat  closely  the  larger  class  of 
ships  of  the  Union  Castle  Line,  passing  around  the  Cape  of  Good 
Hope  from  England. 

Senator  Ejttredge.  Is  that  about  the  largest  type  of  ship  now  in 
use? 

Mr.  Noble.  There  are  very  few  larger  ships  than  that. 

Senator  Kittredge.  I  mean  in  common  use. 

Mr.  Noble.  There  are  very  few  larger  ships  than  that,  except  on 
the  North  Atlantic  routes.  The  other  type  (if  I  may  complete  my 
answer)  was  to  be  700  feet  long  and  75  feet  wide  and  37  feet  draft. 

Senator  EIittredge.  Then  in  making  the  comparison  upon  which 
you  based  your  statement  regarding  the  difficulty  of  passage  in  the 
canal  you  took  the  larger  size  of  ships? 

Mr.  Noble.  The  largest  size  of  ships  in  ordinary  use. 

Senator  Kittredge.  How  would  it  be  for  the  ordinary  vessels— the 
I  ramp  boats? 

Mr.  Noble.  The  tramp  boats  of  the  present  time  would  make  the 
passage  more  quickly  in  either  route,  and  that  difference  would  be 
more  large  in  favor  of  the  sea-level  route  than  of  the  lock  route. 

Senator  Kittredge.  To  what  size  of  ships  do  you  think  your  criti- 
cism would  apply  regarding  the  passage  of  ships? 

Mr.  Noble.  I  do  not  know  that  I  understana  you. 
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Senator  Kittredoe.  You  say  the  tramp  boats  would  pass  easily  ? 

Mr.  Noble.  Oh,  in  speaking  of  the  tramp  boat  I  was  thinking  of 
the  ordinary  size  of  tramp  ship,  that  may  t«,  say,  approximately  350 
feet  long  and  45  to  48  feet  beam. 

Senator  Kittredge.  Running  up  to  what  length  2 

Mr.  Noble.  Three  hundred  and  fifty  feet,  say ;  anywhere  less  than 
400,  perhaps  I  should  say. 

Senator  Kittredge.  How  would  it  be  up  to  600? 

Mr.  Noble.  I  do  not  know  of  any  tramp  ships 

Senator  Kittredge.  Well,  other  ships  in  use? 

Mr.  Noble.  This  particular  dimension  was  540  feet,  you  remember. 
Senator.  I  think  the  tramp  ship,  as  we  generally  understand  it,  is 
almost  invariably  less  than  400  leet  long,  and  not  much  over  and 
generally  less  than  50  feet  beam. 

Senator  Kittredge.  I  was  extending  that  to  ships  of  larger  dimen- 
sions.   Is  the  next  dimension  the  540- foot  ship  you  have  mentioned  t 

Mr.  Noble.  Five  hundred  and  forty  by  sixty. 

Senator  Kittredge.  And  is  there  any  point  below  that  where  your 
criticism  would  not  apply  ? 

Mr.  Noble.  There  must  be  a  point  below  that  where  the  time  of 
passage  would  be  more  favorable  to  a  sea-level  canal.  Without  going 
into  me  matter  in  detail  I  could  not  say  at  what  point  that  would 
be  reached,  but  as  you  decrease  the  size  of  the  ship  the  disadvantage 
of  a  relatively  narrow  waterway  becomes  les^. 

Senator  Kittredge.  Is  there  anything  serious  in  even  stopping  a 
ship,  as  is  done  at  Suez,  to  permit  the  passage  of  a  ship  going  in  the 
opposite  direction  ? 

3lr.  Noble.  It  simply  takes  time. 

Senator  Kittredge.  And  not  much  time  at  that,  does  it? 

Mr.  Noble.  That  depends  upon  the  distance  between  the  passing 
places.  That  has  all  oeen  taken  into  account  in  calculating  these 
intervals  given  in  this  report. 

Senator  Kittredge.  Tney  have  no  difficulty  in  Suez  in  passing 
ships  ? 

Mr.  Noble.  None  whatever,  except  the  delay. 

Senator  Kitiredge.  And  the  width  of  that  canal  now  is  about  118 
feet,  is  it  not? 

Mr.  Noble.  I  think  that  is  it. 

Senator  Kittredge  (continuing).  As  compared  to  a  bottom  width 
of  150  feet  and  a  surrace  width  of  200  feet  on  this  canal,  the  sea- 
level  canal.     Is  that  right? 

Mr.  Noble.  The  surface  width  is  considerably  more  than  200  feet 
in  this  canal,  in  the  sea-level  canal. 

Senator  Kittredge.  In  the  sea-level  canal? 

Mr.  Noble.  In  the  sea-level  canal  the  surface  width  would  be  con- 
siderably more  than  200  feet  everywhepe  except  through  the  Culebra 
cut. 

Senator  ICittredge.  What  is  the  dimension  of  the  canal  through 
the  Culebra  cut  under  the  lock  plan? 

Mr.  Noble.  Two  hundred  feet. 

Senator  Kittredge.  Just  the  same  ? 

Mr.  Noble.  Just  the  same;  but  the  length  is  not  anywhere  nearly 
as  much.    That  is  to  say,  in  the  approacnes  to  the  deepest  part  of 
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the  Culebra  cut,  in  the  lock  canal,  the  channel  is  made  considerably 
wider. 

Senator  Kittredge.  For  what  distance  is  the  width  the  same  ? 

Mr.  Noble,  I  think  it  is  4.7  miles. 

Senator  Kittredge.  Are  you  quite  sure  that  is  the  entire  distance? 

Mr.  Noble.  I  would  have  to  look  at  that. 

Senator  Kittredge.  I  wish  you  would,  to  be  sure. 

Mr.  Noble  (after  examining  report).  That  is  the  case,  Senator. 

Senator  Kittredge.  What  is  the  distance? 

Mr.  Noble.  4.7  miles. 

Senator  Kittredge.  How  much  greater  rate  of  speed  per  hour  will 
a  boat  be  able  to  make  in  the  lock  plan  than  in  the  sea-level  plan  be- 
tween the  locks? 

Mr.  Noble.  I  have  here  a  list  of  the  rates  of  speed  used  in  calcu- 
lating these  times  of  transit  for  each  of  these  two  types  of  ship  in 
each  channel  width. 

Senator  Hopkins.  Just  give  those  to  the  reporter. 

Senator  Kittredge.  Is  t^is  list  one  that  was  prepared  by  yourself 
or  by  the  minority  together? 

Mr.  Noble.  It  is  one  that  I  prepared  in  studying  up  the  matter  for 
tlie  minority.     It  does  not  appear  in  the  minority  records. 

Senator  Kittredge.  And  was  it  used  ? 

Mr.  Noble.  It  was  used. 

Senator  Kittredge  (co^j tinning).  In  reaching  your  conclusions? 

Mr.  Noble.  Yes,  sir ;  it  was  taken  by  the  minority. 

Senator  Kittredge.  We  will  be  very  glad  to  hear  them. 

Mr.  Noble.  For  a  channel  1,000  feet  wide  by  45  feet  deep — ^that  is 
the  channel  in  Lake  Gatun — for  example,  from  Bohio  to  Gatun 

Senator  Kittredge.  What  is  that  distance? 

Mr.  Noble.  It  is  rather  a  larger  distance  than  that.  I  will  have 
to  give  that  correctly  from  the  report  here.  [After  examining  re- 
port.] For  15.09  miles  above  Gatun  the  channel  would  be  nowhere 
less  than  1,000  feet  wide  at  the  bottom  and  45  feet  deep.  Basing  the 
calculation  on  those  minimum  dimensions,  the  estimated  speed  of  a 
boat  of  type  C  (the  boat  of  the  smaller  of  the  two  types  mentioned) 
is  10  miles  an  hour  and  of  the  larger  9  miles  an  hour. " 

Senator  Kitt^iedge.  That  is  a  gain  of  1  mile  an  hour? 

Mr.  Noble.  Of  1  mile :  yes,  sir. 

Senator  Kittredge.  How  much  would  you  gain,  then,  in  traveling 
that  distance  of  15  miles? 

Mr.  Noble.  That  comparison  was  between  the  two  types  of  ship, 
Senator. 

Senator  Kittredge.  Oh,  between  the  two  types  of  ship  ? 

Mr.  Noble.  Yes,  sir ;  that  is  followed  by  a  width  of  800  feet  and 
the  same  depth  for  a  distance  of  3.86  miles. 

Senator  Kittredge.  Now,  then,  let  us  take  this  15-mile  section. 

Mr.  Noble.  Yes. 

Senator  Kittredge.  What  speed  would  you  have  in  the  sea-level 
canal  for  that  distance? 

Mr.  Noble.  These  lengths  are  not  quite  coincident.  Senator;  but 
from  6^  to  7  miles  an  hour  for  the  smaller  ship  and  4^  to  5  miles  an 
hour  for  the  larger  ship. 

Senator  Kittredge.  How  much  would  you  gain  there  in  traversing 
that  distance  of  15  miles? 


INVESTIGATION    OF   PANAMA   CANAL   MATTERS.  459 

Mr.  Noble.  I  shall  have  to  estimate  between  those  different  forms 
of  sea-level  channel  as  well  as  I  can,  Senator,  the  difference  of  half  a 
mile  in  the  speed. 

Senator  Ejttredge.  Have  not  you  it  all  figured  out? 

Mr.  Noble.  No;  it  is  not  all  figured  out  here;  no,  sir. 

Senator  Kittredge.  On  what  basis  do  you  tell  us  that  you  make  so 
much  CTeater  speed  in  the  lock  type  than  you  do  in  the  sea-level  type? 

Mr.  Noble.  It  is  ba^d  upon  the  ratio  oetween  the  cross  section  of 
the  channel  and  the  cross  section  of  the  ship. 

Senator  Kittredge.  Theoretically,  then  f 

Mr.  Noble.  It  is  based  upon  observations  taken  by  myself  some 
years  ago  at  the  St.  Clair  Flats  Canal  and  upon  the  investigations 
of  German  engineers  on  the  movement  of  boats  in  canals.  It  is  quite 
a  complicated  matter.  It  was  treated  at  full  length  in  the  reports  of 
the  Board  of  Engineers  on  Deep  Waterways  and  in  the  report  of  the 
first  Isthmian  Canal  Commission,  and  that  method  is  followed 
throughout. 

Senator  Kittredge.  Then  you  have  figured  out  this  problem  theo- 
retically?    Is  that  right? 

Mr.  5^oble.  I  do  not  think  the  word  "  theoretically  "  is  the  proper 
one  to  use  in  that  connection,  because  the  figures  are  based  upon  a 
very  large  number  of  observations  of  facts. 

Senator  Kittredge.  But  you  have  not  figured  it  out  upon  the  basis 
that  I  have  suggested,  as  I  understand  it? 

Mr.  Noble.  1  have  taken  the  lengths  of  each  one  of  these  sections 
and  applied  the  speeds  resulting  from  those  various  observations. 

Senator  Kittredge.  I  notice  in  the  minority  report — I  think  it  is 
the  minority  report — that  the  question  of  the  use  of  buoys  is  consid- 
ered. Do  you  contemplate  the  establishment  of  buoys  from  Gatun  up 
to  the  point  where  the  channel  narrows? 

Mr.  Noble.  At  all  the  projecting  points;  certainly. 

Senator  Kittredge.  Wliy  is  that  ? 

Mr.  Noble.  That  gives  the  navigator  information  as  to  the  limit 
of  deep  water. 

Senator  Kittredge.  How  many  buoys  have  you  established  in  that 
15-mile  section,  or  how  many  do  you  contemplate? 

ilr.  Noble.  We  have  not  made  any  detailed  estimate  of  it  whatever. 

Senator  Kittredge.  But  you  contemplate  the  location  of  them  ? 

Mr.  Noble.  In  general  I  could  give  you  the  locations  where  some  of 
those  buoys  might  be. 

Senator  Kittredge.  Just  tell  us  about  where  they  would  be,  then, 
and  how  many  there  would  be. 

Mr.  Noble.  I  would  really  not  undertake  to  make  a  detailed  layout 
for  buoys  in  the  channel. 

Senator  Kittredge.  I  understand;  but  it  is  a  fact,  is  it  not,  that 
you  contemplate  the  establishment  of  buoys  ? 

Mr.  Noble  (indicating  on  map).  leaving  Gatun,  of  course,  it 
would  be  natural  to  put  a  buoy  into  this  shoal  water  marked  there; 
to  put  one  certainlv  there ;  to  put  one,  without  doubt,  here,  to  mark 
that  point;  to  mark  this  at  some  suitable  point  along  this  ridge;  to 
mark  that,  and  to  fully  define  this  cut  along  here  [mdicating].  It 
mi^ht  take  four  or  five  buoys  in  that  section. 

Senator  Kittredge.  The  purpose  of  the  location  of  those  buoys  is 
to  indicate  submerged  banks,  is  it  not  ? 
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Mr.  Noble.  Yes,  sir. 

Senator  Kitthedge.  And  that  is  just  the  point  that  the  man  used 
to  ridinff  the  sea  is  afraid  of,  is  he  not? 

Mr.  Noble.  It  is  the  thing  that  he  wants  very  much  for  safety. 
Senator. 

Senator  Kittredge.  I  understand;  but  he  is  afraid  of  submerged 
banks,  is  he  not? 

Mr.  Noble.  If  they  were  not  marked  he  would  certainly  be  afraid 
to  go  anywhere  near  where  he  supposed  them  to  exist;  but  if  they 
are  marked,  and  well  marked,  they  would  permit  him  to  use  the  chan- 
nel.   That  is  a  matter  of  everyday  experience  in  the  Lakes. 

Senator  Kittredge.  I  understand;  but  the  point  is  that  you  use 
them! 

Mr.  Noble.  Certainly. 

Senator  Kittredge.  And  you  must  guide  your  ship  within  the 
limits  of  those  buoys? 

Mr.  Noble.  Yes,  sir. 

Senator  Kittredge.  That  is  right,  is  it  not? 

Mr.  Noble.  That  is  true. 

Senator  Hopkins.  You  say  that  is  an  everyday  experience  in  the 
Great  Lakes? 

Mr.  Noble.  Yes,  sir;  the  channels  are  all  marked  there  by  buoys. 
Between  Lake  Superior  and  Lake  Erie  there  are  between  40  and  50 
limits  of  channels  that  are  marked  by  buoys,  and  most  of  them  are 
marked  by  gas  buoys,  so  that  they  can  be  run  by  day  or  night.  Most 
of  them  are  marked — if  I  may  go  a  bit  further  into  the  matter 

Senator  Hopkins.  Yes. 

Mr.  Noble.  Most  of  them  are  marked  bv  center-line  ranges,  where 
they  can  be  placed,  so  that  a  boat  can  see  by  ranges  where  the  center 
of  a  channel  is,  and  by  the  g-as  buoys  where  the  limits  of  the  channel 
are. 

Senator  Simmons.  Is  not  that  also  a  matter  of  everyday  experience 
in  the  approaches  of  our  harbors  ? 

Mr.  Noble.  Oh,  yes;  wherever  a  ship  approaches  land. 

Senator  Simmons.  And  in  the  ordinary  case  of  the  harbors  in  the 
Lakes  you  can  not  mark  those  channels  as  clearly  and  distinctly  by 
buoys  as  you  can  mark  the  channel  off  in  this  lake  navigation  here, 
can  you? 

Mr.  Noble.  I  do  not  know  that  I  catch  that. 

Senator  Simmons.  I  say,  in  the  approaches  of  our  harbors  you 
can  not,  by  the  use  of  buoys,  mark  off  the  channels  auite  so  well  as 
you  could  mark  off  the  channels  through  this  small  lake  here  by 
buoys  and  lights,  can  you  ? 

Mr.  Noble.  In  approaching  a  harbor  of  course  a  boat  would  not 
know  so  definitely  wnere  it  was.       , 

Senator  Simmons.  That  is  what  1  mean. 

Mr.  Noble.  But  in  this  lake  navigation,  a  vessel  starting  from  a 
known  point  and  having  to  go  only  a  short  distance  before  it  picks  up 
a  buoy  can  not  well  go  wrong. 

Senator  Kittredge.  Did  you  read  Mr.  Bates's  testimony? 

Mr.  Noble.  No,  sir. 

Senator  Kitituedge.  Or  Mr.  Parsons's? 

Mr.  Noble.  No,  sir. 


INVESTIGATION    OF   PANAMA   CANAL   MATTERS.  461 

Senator  Kjttredoe.  The  statement  was  made  by  Mr.  Bates,  and 
confirmed  by  Mr.  Parsons,  that  while  the  minority  had  in  its  report 
recommended  the  establishment  of  locks  of  navigable  dimensions,  900 
by  95  feet,  the  plans  which  have  been  sent  up  here  disclose  the  fact 
that  the  usable  length  of  these  locks  is  only  790  feet  Have  you  any 
statement  to  make  regarding  that  criticism  of  your  plan? 

Jfr.  Noble.  The  locks  are  estimated  and,  I  suppose,  drawn  on  the 
maps  for  a  length  between  gates  of  955  feet,  of  which  56  feet  is 
ample  to  provide  for  the  movement  of  the  gate  at  the  lower  end  of  the 
lock,  leaving  900  feet  that  is  clearlj'  usable. 

Senator  Kittredoe.  That  is  the  supposition? 

Mr.  XoBiJB.  That  is  the  fact,  Senator. 

Senator  Kittredge.  The  statement  is  made  by  each  of  them  that 
the  plans  do  not  show  900  feet,  bilt,  instead,  790  feet;  and  Mr.  Par- 
sons s  statement  was,  given  to  us  Tuesday,  that  he  had  made  a  per- 
sonal examination  of  the  plans  in  the  office  of  the  Commission.  Have 
you  any  knowledge  upon  that  subject? 

Mr.  XoBLE.  No ;  I  have  no  knowledge  whatever.  I  made  the  plans 
of  the  lock  myself,  Senator ;  I  made  the  estimates  of  them.  I  sketched 
out  the  plans  of  tiie  lock  personally,  and  I  personally  made  the  cal- 
culations of  the  quantities.  They  are  based  upon  a  length  of  955  feet 
in  every  lock  chamber  and  of  900  feet  clear  available  space  for  a  ves- 
sel, and  the  figures  given  in  these  estimates  of  the  minority  provide  for 
that. 

Senator  Hopkins.  They  contend  that  there  is  not  space  there  for 
three  such  locks. 

Senator  Kittredge.  That  there  is  not  hill  enough. 

Mr.  Noble.  I  heard  this  morning  that  that  question  has  been  raised, 
and  of  course  I  do  not  know,  but  I  do  not  think  that  the  surveys 
have  extended  quite  far  enough,  perhaps;  but  there  are  hills  enough 
there  at  Gatun  to  put  that  lock  in.  That  we  have  from  the  general  in- 
formation. 

Senator  Dryden.  Mr.  Noble,  if  it  is  true  that  the  usable  length  of 
these  locks  is  but  790  feet,  and  that  it  is  practically  impossible  to 
make  them  longer,  would  it  change  your  views  as  to  the  desirability 
and  advisability  of  a  lock  canal  ? 

Mr.  Noble.  Wh^v.  I  can  not  conceive  that  that  situation  can  arise, 
Senator.  If  the  site  there  should  be  short  there  is  plenty  of  ground 
in  Gatun,  by  shifting  the  lock  site  laterally,  to  get  any  length  of 
ground  you  want. 

Senator  Dryden.  It  was  explained,  as  I  understand  it,  that  both 
ends  of  the  locks  would  so  project  beyond  the  hills  as  to  extend  out 
into  the  air  witiiout  any  practical  opportunity  of  furnishing  the 
ends  of  those  locks  with  supports,  and  that  that  is  the  reason  why  these 
locks  can  not  be  elongated. 

Mr.  Noble.  I  do  not  think  that  is  so.  There  is  a  scarcity  of  topo- 
graphical information  at  Gatun,  hut  there  is  no  doubt,  as  I  under- 
stand it,  that  by  shifting  the  locks  laterally  you  can  get  in  as  much 
length  there  as  you  want.    That  range  of  hills  is  wide  enough. 

I^nator  Dryden.  For  the  purpose  of  my  question  let  us  conclude 
that  this  criticism  is  correct,  that  the  locks  can  not  be  lengthened 
beyond  the  scale  proposed  and  beyond  the  length  proposed.  In  view 
of  the  fact  that  we  are  already  constructing  vessels  780  feet  in  length. 
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would  it  materially  detract  from  the  desirability  of  a  canal  of  this 
type  if  that  should'be  found  to  be  true? 

Mr.  Noble.  I  do  not  think  that  is  the  alternative,  Senator.  We 
might  be  against  a  situation  the  same  as  that  of  the  Isthmian  Canal 
Commission  in  1900.  The  site  at  Bohio  was  only  sufficient  for  two 
locks.  The  summit  level  was  practically  the  same  as  now,  and  the 
Commission  then  decided  to  increase  the  lift  rather  than  to  incur 
some  additional'  expense  for  moving  the  locks  farther  over.  Tliat 
remedy  was  available  there.     Now,  that  remedy  is  still  available  here. 

Senator  Kittredge.  What  do  you  mean  by  "  increasing  the  lift? " 

Mr.  Noble.  Increasing  the  lift  so  as  to  have  two  locks  instead  of 
three.  I  would  much  rather  seek  a  location  a  little  farther  to  the 
oast. 

Senator  Kittredge.  Increasing  it  to  what  extent  ? 

Mr.  Noble.  Oh,  I  do  not  think  you  would  have  to  go  over  there 
very  far,  Senator. 

Senator  Kittredge.  I  mean,  increasing  the  lift  to  what  extent? 

Mr.  Noble.  Oh,  I  have  no  objections  myself,  after  having  studied 
the  matter  over  very  carefully,  to  overcoming  the  lift  at  Gatun  in 
two  lifts  instead  of  three. 

Senator  Kittredge.  Of  42^  feet  each  ? 

Mr.  Noble.  Of  42^  feet  each.  That  is  practically  what  we  did  at 
Bohio  four  years  ago  or  five  years  ago. 

Senator  Kittredge.  What  is  the  highest  lift  of  lock  that  you  know 
of  now  in  existence? 

Mr.  Noble.  I  think  the  highest  lift  that  I  know  of  to  a  certainty 
is — well,  the  highest  lift  that  I  have  in  mind  is  one  planned  and 
built,  I  think,  at  about  30  feet,  somewhere  in  the  South,  on  some  one 
of  the  rivers;  not  a  large  ship  canal,  however,  I  think. 

Senator  Hopkins.  How  many  feet  ? 

Mr.  Noble.  I  think  something  over  30.  In  connection  with  the 
work  of  the  Deep  W^aterways  Board  we  had  to  design  a  flight  of 
locks  to  overcome  the  great  lift  in  the  Niagara  River  at  the  falls, 
and  we  adopted  there  a  lift,  I  think,  of  40  feet  and  went  into  the 
calculations  of  strength  of  all  the  parts,  the  designs  of  the  gates,  and 
everything  in  connection  with  it  in  very  great  detail. 

Senator  Kittredge.  To  what  extent  had  your  Board  and  have  you 
in  your  possession  information  concerning  tne  character  of  the  Gatun 
Hills  in  the  vicinity  of  the  proposed  locks  ? 

Mr.  Noble.  There  are  some  borings  in  there,  but  I  do  not  think 
they  extend  the  full  length  of  those  locks.  There  was  not  time  to  get 
all  that  information. 

Senator  Kittredge.  Do  you  not  think  it  was  desirable  to  have  that 
information  ? 

Mr.  Noble.  Oh,  extremely. 

Senator  Kittredge.  Do  you  not  think  that  the  minority  of  your 
board  and  this  committee  ought  to  have  all  possible  information 
relating  to  that  subject  before  adopting  the  lock  plan? 

Mr.  Noble.  We  could  not  get  it.  We  had  no  doubt  whatever, 
Senator,  that  by  one  of  those  two  alternatives,  and  no  appreciable 
doubt  that  by  adopting  the  first  (that  is,  by  changing  the  location), 
the  difficulty  could  be  met.    That  was  a  matter  that  we  discussed  at 
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the  time.  I  was  not  aware  that  this  site  was  short,  and  I  do  not  think 
that  we  had  the  facts  to  show  whether  it  was  or  not;  but  at  the  time 
that  we  were  designing  these  locks,  in  view  of  tbd  shortness  of  the 
time  and  the  information,  we  decided  to  make  a  location  where  it 
seemed  to  be  certain  they  could  be  built  beyond  a  reasonable  doubt, 
but  with  the  further  assurance  that  we  could  move  them  over  where 
the  hill  formation  was  broader. 

Senator  Kitfredge.  The  reason  I  ask  this  question,  Mr.  Noble,  is 
this:  You  remember  appearing  before  this  committee  four  or  five 
years  ago? 

Mr.  NoriLE.  Yes,  sir. 

Senator  Kittredge.  And  recommending  strongly  the  Bohio  dam? 
On  that  occasion  you  told  this  committ^  that  there  was  no  doub^ 
whatever  about  ability  to  go  to  bed  rock  and  lay  the  foundations  o^ 
the  Bohio  dam.    That  was  ri^ht,  was  it  not? 

Mr.  Noble.  Yes;  on  the  basis  of  the  borings  we  had  then;  we  were 
very  certain. 

Senator  KiTTteDOE.  I  understand.  Now,  then,  when  more  careful 
examinations  and  borings  were  made,  the  fact  was  disclosed  that 
instead  of  striking  bed  rock  at  120  feet  below  sea  level  you  had  only 
.'•truck  bowlders,  or  at  least  had  not  struck  the  deepest  point  at  that 
place.    That  is  right,  is  it  not? 

Mr.  Noble.  I  think  the  latter  is  the  case.  Senator. 

Senator  Kittredge.  And  when  more  careful  borings  were  made, 
tne  lowest  point  at  the  Bohio  dam  site  was  168  feet  below  sea  level. 
That  is  right,  is  it  not  ? 

Mr.  Noble.  I  think  that  is  correct ;  yes. 

Senator  Kittredge.  Now,  ought  we  not  to  have  more  careful  bor- 
ings and  information  concerning  the  character  of  the  country  at 
Gatun  than  the  minority  of  the  committee  possessed  and  than  you  are 
able  to  ffive  us  now  ? 

Mr.  NoBLB.  We  believe  that  the  information  we  have,  Senator,  is 
sufficient  to  make  it  certain  that  we  can  build  the  dam  and  the  locks 
at  Gatun.  We  do  not  think  it  is  suflScient  to  enable  us  to  say  that 
these  are  the  best  possible  locations  in  that  neighborhood  for  those 
structures.  But  there  is  more  doubt  about  the  locks  than  there  is 
about  the  dam  in  that  connection,  because  the  dam  is  determined  very 
largely  by  the  surface  conditions  and  the  topography. 

Senator  Kpttredoe.  You  say  there  is  more  doubt  about  the  locks; 
what  doubt  is  there  ? 

Mr.  Noble.  Because  the  borings  are  not  suflScient,  are  not  what  one 
would  demand  before  constructing  a  lock.  Before  going  to  construct 
a  lock  there.  Senator,  we  would  take  borings  in  that  neighborhood 
and  study  up  the  whole  topography,  the  whole  situation,  surface  and 
subsurface,  m  great  detail.  That  is  a  matter  that  would  require 
many  months. 

Senator  Kittredge.  Suppose  that  the  lock  plan  is  adopted  by  Con- 
gress and  then  you  make  further  and  more  careful  investigations  and 
the  fact  is  developed  that  you  can  not  build  locks  there — ^what  then  ? 

Mr.  Noble.  I  do  not  think  you  can  apprehend  any  such  result  as 
that.  Senator. 

Senator  Kittredge.  That  is  precisely  the  result  that  happened  at 
Bohio,  is  it  not? 
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Mr.  Noble.  It  certainly  is.  The  project  of  sinking  caissons  to  full 
depth  at  Bohio  is,  I  think,  impracticable. 

Senator  Kpttredge.  And  you  advised  that  that  be  done  at  Bohio? 

Mr.  Noble.  Yes;  that  is  true. 

Senator  Kittredge.  When  you  were  before  us  four  years  ago? 

Mr.  Noble.  Yes. 

Senator  Kittredge.  And  stated  that  you  would  not  recommend  any 
other  type  of  plan  at  that  point? 

Mr.  rfoBLE.  I  think  that  you  can  make  a  water-tight  dam  at  Bohio. 
I  read  what  Mr.  Burr  has  said  in  that  connection  before  this  com- 
mittee, and  I  concur  in  that — ^that  that  is  physically  possible. 

Senator  KirrREDGE.  I  wish  that  during  the  recess,  if  we  take  one, 
Mr.  Noble,  you  would  make  an  examination  of  tiie  records  in  the 
office  of  the  Canal  Commission  and  tell  us  whether  you  are  mistaken, 
or  Mr.  Parsons  and  Mr.  Bates,  regarding  the  usaole  dimensions  in 
length  of  the  lock  at  Gatun. 

Senator  Hopkins.  My  remembrance  of  Mr.  Parson's  testimony  was 
that  there  was  territory  enough  there,  just  as  stated  by  Mr.  Noble; 
and  that  if  the  present  situs  of  the  proposed  lock  was  insufficient  for 
a  flight  of  three  locks  900  feet  in  the  clear,  they  could  make  a  diange 
so  as  to  do  that.    Now,  am  I  correct  in  that? 

Senator  Kitfredge.  There  is  not  enough  hill ;  they  would  have  to 
go  away  out  in  the  swamp. 

Senator  Hopkins.  No;  my  understanding  was  just  the  reverse. 

Senator  Kittredge.  No  ;  he  said  you  would  have  to  build  up. 

Senator  Hopkins.  Where  is  his  testimony  in  the  afternoon  i  Have 
you  that  evidence  printed,  Mr.  Chairman  ? 

The  Chairman.  I  think  that  is  it  [handing  testimony  to  Senator 
Hopkins]. 

Senator  Kittredge.  Let  me  ask  you  another  question,  Mr.  Noble. 
Tell  us  the  plans  of  the  locks  which  you  devised.  Did  you  have  any 
safety  sates  i 

Mr.  Noble.  Yes,  sir. 

Senator  Kittredge.  What  were  the  dimensions  of  those? 

Mr.  Noble.  The  same  as  the  lock  gates. 

Senator  Kittredge.  And  vou  regard  them  as  essential  and  neces- 
sary in  the  construction  of  tlie  locks? 

Mr.  Noble.  They  have  not  been  used  heretofore.  Senator;  but  we 
thought  that  in  a  great  work  of  this  kind  it  would  be  advisable  to  use 
them. 

Senator  Kittredge.  And  you  agreed  that  that  should  be  done  in 
this  case? 

Mr.  N0B1.E.  Oh,  yes. 

Senator  Kittredge.  I  notice  in  the  majority  report  the  statement 
.that  bv  a  vote  of  11  to  2  the  size  of  locks,  if  locks  were  used,  was  to  be, 
in  usat)le  dimensions,  1,000  feet  by  100.     That  is  right,  is  it  not? 

Mr.  Noble.  That  is  right. 

Senator  Kittredge.  Why  was  that  reduced  to  995  feet,  usable 
dimensions? 

Mr.  Noble.  On  further  discussion  of  the  matter,  the  minority 
came  to  the  unanimous  opinion  that  that  would  be  sufficient  to  meet 
the  requirements  of  the  act. 

Senator  Kittredge.  Was  that  discussion  had  in  full  board? 
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Mr.  Noble.  No;  that  was  the  discussion  of  the  minority,  after  the 
board  had  divided  on  the  main  issue  of  a  sea-level  versus  a  lock-level 
canal. 

Senator  Kittredge.  I  turn  to  the  testimony,  Mr.  Noble,  that  you 
gave  before  this  committee  four  or  five  years  ago ;  and,  in  speaking  of 
the  Bohio  dam,  I  read  you  the  following : 

"  Senator  Harris.  That  no  form  that  the  water  passed  through  or 
under  could  be  safely  depended  upon? 

"  Mr.  Noble.  I  am  not  at  all  sure  that  there  would  be  any  verv 
great  danger  of  the  destruction  of  such  a  dam,  although  the  risk 
would  be  conceivable,  perhaps,  even  if  a  small  area  were  thus  exposed ; 
but  the  amount  of  water  passing  under  the  dam  would  increase  with 
the  area  of  cross  section  of  the  sand  through  which  the  water  would 
pass,  and  I  think  that  if  the  dam  were  not  made  impermeable  in  the 
whole  section,  the  amount  of  filtration  might  be  so  great  as  possibly 
to  cause  trouble  with  the  water  supply." 

Do  you  still  subscribe  to  that? 

Mr.  Noble.  No;  I  have  gone  into  the  matter  considerably  since 
that  time,  and  have  made  use  of  the  latest  investigations  in  regard  to 
the  amount  of  water  that  will  pass  through  a  given  thickness  of  sand; 
and  I  must  say  that  I  have  been  very  uioroughly  convinced  by  the 
arguments  that  have  been  presented. 

Senator  Kittredge.  By  whom  ? 

Mr.  Noble.  By  Mr.  Stearns,  mainly;  by  Mr.  Morison  to  some  ex- 
tent. 

Senator  Kittredge.  How  long  before  Mr.  Morison's  death  did  you 
discuss  this  question  with  him  ? 

Mr.  Noble.  Perhaps  a  year  or  so  before  his  death.  I  think  that 
my  mind  was  still  open  on  the  subject  until  Mr.  Steams  presented  his 
experiments  in  great  detail.  I  saw  the  samples  of  the  materials  used 
in  the  filtering  experiments ;  and  then^  taking  into  consideration  the 
dimensions  or  the  dam  that  the  minority  proposes,  unprecedented  in 
width,  I  can  not  see  anv  possibility  of  any  amount  of  water  getting 
through  there  that  will  affect  in  any  appreciable  degree  the  water 
supply  of  that  canal,  or  that  will  involve  any  hazard  whatever  to  the 
structure. 

Senator  Kittredge.  I  read  further  from  your  testimony  in  that 
connection*  Mr.  Noble,  in  answer  to  a  question  by  Senator  Hawley. 
I  will  read  his  question : 

"  I  should  suppose  a  temporarv  dam  would  require  as  much  protec- 
tion against  the  seepage  and  leaking  as  the  permanent  dam. 

"  Mr.  Noble.  It  is  necessary  that  the  permanent  dam  shall  be  free 
from  much  seepage  to  maintain  the  water  supply,  but  the  temporary 
dam  would  simply  be  used  during  construction,  and  moderate  seepage 
would  not  be  a  very  important  matter. 

"  The  Chairman.  Then  I  understand  your  answer  to  mean  that  you 
would  not  consider  a  dam  sufficiently  permanent  that  admitted  of 
seepage  through  the  strata  upon  which  it  rested  ? 

"  ifi".  Noble.  I  should  not  consider  it  to  possess  the  requisite  amount 
of  certainty  as  a  protection  for  that  navigation.  I  coula  not  say  that 
it  would  give  way,  and  I  could  not  predict  with  certainty  that  the 
seepage  would  be  very  serious,  but  I  should  apprehend  it." 

You  were  then  speaking  of  the  Bohio  dam.  Do  you  still  subscribe 
to  the  statements  that  you  made  there? 
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Mr.  Noble.  I  think  the  seepage  through  the  Bohio  dam  would  be 
more  than  it  would  be  under  tne  Gatun  dam  for  several  reasons,  Sen- 
Htor.  One  is  that  the  material  there,  as  shown  by  the  borinjgs,  is 
coarser,  a  larger  proportion  of  it;  another  is  that  the  material  mere, 
as  shown  by  &)rmgs,  is,  in  the  immediate  vicinity  of  the  dam,  in  con- 
tinuous connection  with  the  river.  But  I  will  say  this,  that  my  ap- 
prehensions in.  regard  to  the  amoimt  of  water  that  will  pass  under  a 
dam  through  sand  and  gravel  are  much  less  than  they  were  five  or 
six  years  a^.  I  do  not  Selieve  that  with  the  width  of  the  Gatun  dam 
anv  appreciable  amount  of  water  can  pass. 

Now,  Mr.  Stearns  can  go  into  that  very  much  more  fully  with  you 
than  I  can,  but  I  will  state 

Senator  Kittrbdge.  He  will  be  here. 

Mr.  Noble.  I  will  state  frankly  that  I  have  undergone  a  change  of 
opinion  in  the  last  four  or  five  years  just  on  that  i)oint. 

Senator  Kittrbdge.  You  have  changed  your  opinion? 

Mr.  Noble.  That  I  have  less  apprehensions  ox  the  dangers  of  seep- 
age through  gravelly,  sandy  material  than  I  had  at  that  time. 

Senator  Kittredge.  But  at  Gatun,  Mr.  Noble,  while  the  borings 
have  been  to  the  depth  of  258  feet,  you  have  not  yet  reached  the  point 
of  solid  rock  ?    That  is  right,  is  it  not  ? 

Mr.  Noble.  We  have  reached  the  point  of  water-tight  material,  I 
think,  Senator. 

Senator  Kittredge.  You  have  reached  the  point  of  the  indurated 
clay? 

Mr.  Noble.  Yes,  sir. 

Senator  Kittredge.  Never  below  that,  have  you  ? 

Mr.  Noble.  I  think  not. 

Senator  Kittredge.  You  have  not  gone  through  the  indurated 
clay  to  solid  rock  at  any  point  at  Gatun,  have  you  ? 

Mr.  Noble.  Not  to  my  knowledge ;  I  think  not. 

Senator  Kittredge.  Can  vou  assure  us  that  if  you  go  through  that 
clay  into  solid  rock  you  will  find  any  different  conditions  than  were 
developed  at  Bohio  after  further  and  more  careful  investigations 
were  made? 

Mr.  NoBi^.  If  we  should  have  a  dam  there,  Senator,  half  a  mile 
wide,  with  the  amount  of  fine  material  that  we  know  to  exist  at  Gatun 
immediately  under  the  surface  of  the  earth,  I  should  not  apprehend 
any  danger  from  any  amount  of  seepage  that  we  could  reasonably 
anticipate,  and  I  could  conceive  of  no  possible  danger  from  any 
material  we  should  find  below  the  indurated  clay. 

Senator  Kittredge.  How  many  borings  were  made  across  the 
Chagres  Valley  under  the  location  of  the  Gatun  dam? 

Mr.  Noble.  I  can  not  answer  that  offhand* 

Senator  Kittredge.  Will  you  not  look  at  the  maps  and  answer  my 
question  ? 

Mr.  Noble.  I  do  not  think  I  can  answer  that  from  this  drawing. 
This  purports  to  give  the  number  of  new  borings  at  Gatun.  Those 
shown  on  the  profile  are 

Senator  Morgan.  There  is  a  blueprint  there  that  gives  it  more 
completely. 

Mr.  Noble  (after  examining  papers).  If  I  count  correctly,  Sena- 
tor, there  are  36. 


INVESTIGATION   OP   PANAMA   CANAL   MATTERS.  46^ 

Senator  Kittredge.  That  includes  the  borings  under  the  Gatun 
locks,  does  it  not? 

Mr.  Noble.  I  would  have  to  look  at  the  contour  maps  to  get  thltt. 
I  think  not.     Very  likely  this  will  show  it 

Senator  Kittredge.  I  think  you  will  find  that  that  covers  the  bor- 
ings under  the  locks,  as  you  originally  planned  them  out,  as  well  as 
across  the  vaUey. 

Mr.  Noble.  1  could  not  say  as  to  that  from  this  plat. 

Senator  Kittredoe.  I  will  show  you  Mr.  Stevens's  testimony  upon 
that  subject ;  perhaps  you  can  tell  me  from  that.  'I  am  not  particular 
to  have  the  exact  number.  Leave  the  lock  feature  out  of  the  ques- 
tion; just  take  it  under  the  dam; 

Mr.  Noble  (after  examining  papers).  If  I  count  correctly,  Senator, 
there  are  39  borings  taken  at  the  site  of  the  dam,  of  which  32  were  on 
a  continuous  line  across  the  site. 

Senator  Kittredge.  How  manv  ? 

Mr.  Noble.  Thirty-two,  and  about  five  or  six  more  were  on  a  con- 
tinuation of  that  line,  as  I  think  it  might  be  considered,  probably. 

Senator  Kittredge.  Those  are  marked  upon  plate  what? 

Mr.  Noble.  Those  are  marked  upon  plates  11  and  12. 

Senator  Kittredge.  How  many  borings  were  made  at  the  site  at 
Gamboa  at  the  time  you  gave  your  testimony  four  or  five  years  ago  ? 

Mr.  Noble.  At  Bohio? 

Senator  Kittredge.  Yes. 

Mr.  NoBi^.  I  would  have  to  count  them  up. 

Senator  Kittredge.  About  how  many? 

Mr.  Noble.  Oh,  thev  were  three  or  rour  hundred  feet  apart,  as  I 
remember  it.     I  woul(f  have  to  trust  to  memory  for  that. 

Senator  Kittredge.  And  the  distance  there  between  the  extreme 
ends  of  the  dam  was  what  ? 

Mr.  Noble.  I  would  have  to  count  that  up. 

Senator  Kittredge.  About  3,000  feet,  was  it  not? 

Mr.  Noble.  Somewhere  in  that  neighborhood ;  yes,  sir. 

Senator  Kittredge.  The  distance  between  the  ends  of  this  dam  is 
what? 

Mr.  Noble.  I  believe  it  is  about  7,000  feet. 

Senator  Kittredge.  It  is  7,700,  is  it  not?  I  think  that  figure  is 
stated  in  your  report. 

Mr.  Noble.  If  it  is  stated  in  the  report,  of  course  that  is  correct. 
I  think  likely,  following  up  the  crest  line  of  the  dam. 

Senator  Kittredge.  And  in  the  distance  of  7,700  feet — a  mile  and 
a  half,  in  round  figures — you  have  made  how  many  borings? 

Mr.  Noble.  Thirty-two,  I  think,  on  the  transverse  line. 

Senator  Kittredge.  And  how  far  apart  are  those  borings? 

Mr.  Noble.  The  distances  vary. 

Senator  Kittredge.  From  what? 

Mr.  Noble.  I  do  not  see  any  distance  here  that  appears  to  exceed 
about  300  feet.  Here  is  one,  I  think,  of  about  400  feet,  on  the  top  of 
the  till.  Now,  they  vary  there  about  200  feet  apart,  and  in  one  place 
I  think  they  are  400  feet  apart. 

Senator  Kititiedge.  Then  they  run  from  200  to  400  feet  apart 
rhere— is  that  right? 
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Mr.  Noble.  In  the  closest  part  they  are  100  feet  apart.  I  can  give 
those  dimensions  exactly  here.  The  closest  pair  that  I  note  here  are 
OT'feet  apart. 

Senator  Kittredge.  Where  is  that  point? 

Mr.  Noble.  Shall  I  describe  it  by  stations,  Senator?  It  is  in  the 
shallower  of  the  two  troughs.  The  next,  the  distance  next  to  that  be- 
tween two  completed  borings,  omitting  the  one  that  was  only  sunk  a 
few  feet,  is  393  feet. 

Senator  Kittredge.  And  that  is  in  the  same  trough,  is  it  not? 

Mr.  Noble.  In  the  same  trough ;  yes,  sir. 

Senator  Kjttredge.  And  to  wnat  aepth  do  those  borings  go? 

Mr.  Noble.  One  is  about  170  feet  and  the  other  about  180.  The 
borings  go  to  about  180  feet  below  mean  tide. 

Senator  Kittredge.  Do  you  find  any  point  upon  that  map  indi- 
cating borings  at  a  shorter  distance? 

Mr.  Noble.  Shorter  than  97  feet? 

Senator  Kittredge.  Yes.  Look  at  the  trough  where  it  runs  down 
to  258  feet. 

Mr.  Noble.  No ;  I  do  not  see  anything  nearer  than  that. 

Senator  Kittredge.  What  is  the  distance  between  the  borings  in 
that  trough  where  the  maximum  depth  is  258  feet? 

Mr.  Noble.  The  maximum  distance  is  209  feet.  That  is  the  maxi- 
mum distance  in  the  trough. 

Senator  Kittredge.  And  what  is  the  maximum  distance,  you  say, 
between  any  of  these  borings — 400  feet? 

Mr.  Noble.  Three  hundred  and  ninety-three  feet,  I  think. 

Senator  Kittredge.  Three  hundred  and  ninety-three  feet.  Can 
you  assure  us  that  borings  nearer  together  would  not  disclose  the 
same  condition  of  affairs  that  the  careful  borings  made  by  Mr.  Wal- 
lace, or  under  his  direction,  indicated  at  Bohiof 

Mr.  Noble.  I  should  not  expect  them  to,  Senator. 

Senator  Kittredge.  We  did  not  expect  it  at  Bohio,  did  we? 

Mr.  Noble.  No,  no ;  but  the  formation  here,  I  think,  would  lead  to 
less  doubt  than  it  did  af  Bohio.  At  Bohio  the  formation  was  of 
volcanic  rock,  and  here  it  is  of  clay.  As  a  matter  of  absolute  mathe- 
matical certainty  we  can  not  tell  that  without  more  borings;  but  I 
can  not  conceive  of  any  material  down  there  that  would  affect  the 
stability  of  the  Gatun  dam. 

Senator  Kittredge.  The  great  trouble  regarding  the  sand  and 
gravel  at  Bohio  was  developed  when  you  reached  me  depth  of  168 
feet,  was  it  not? 

Mr.  Noble.  We  found  a  greater  depth  of  sand  and  of  gravel  at  Bo- 
hio, and  an  additional  depth  of  enough  to  make  the  methods  which 
we  proposed  to  use  for  creating  an  impermeable  curtain  there  im- 
practicable. 

Senator  Kittredge.  So  you  advised  against  the  construction  of  a 
dam  at  Bohio  for  that  reason  ? 

Mr.  Noble.  I  think  the  Gatun  site  is  the  better  one.  I  think  Ga- 
tun, all  around,  is  the  better  site.  I  think  that  with  my  present  infor- 
mation I  would  advise  the  construction  of  a  dam  at  Gatun  even  if  the 
conditions  at  Bohio  were  exactly  what  we  had  supposed  them  to  be 
in  1900.  ,^  ^ 

Senator  Hopkins.  But,  as  I  understand  you,  a  safe  dam  could  be 
built  at  Bohio? 
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Mr.  XoBLE.  Oh,  I  think  so. 

Senator  Morgan.  Did  the  commission — I  will  call  it  the  joint  com- 
mission ;  I  do  not  know  how  to  denominate  it — did  the  Board  of  Con- 
sulting Engineers  take  into  consideration  and  study  the  question  of 
the  construction  of  a  dam  at  Bohio,  at  the  place  or  near  the  place  and 
on  the  plan  that  was  reported  favorably  by  the  Isthmian  Canal  Com- 
mission ? 

ifr.  NcBLE.  I  think  the  site  that  the  Board  used  there  was  the  site 
adopted  by  the  Frenchmen.  Perhaps  General  Davis  can  tell  me 
about  that. 

General  Davis.  What  is  that  ? 

Mr.  Noble.  The  site  that  was  studied  at  Bohio  was  the  old  French 
site,  was  it  not? 

General  Davis.  Oh,  yes;  yes. 

Mr.  Noble.  The  site  adopted  by  the  Isthmian  Canal  Commission 
in  1900  was  chosen  for  the  reason  that  the  borings  indicated  rock 
farther  down  at  the  French  site  than  at  the  one  subsequently  de- 
veloped. 

Senator  Kittredge.  Some  40  feet  lower? 

Mr.  Noble.  Yes.  Now,  Mr.  Wallace's  further  borings  showed 
that  there  was  not  any  very  material  difference;  the  rock  was  a  little 
lower  down  than  had  been  supposed  at  the  French  site  and  very 
much  lower  down  than  had  been  supposed  at  the  Commission's  site. 

Senator  Kittredge.  I  have  understood  you — ^you  can  correct  me 
if  I  am  wrong  about  it — ^to  say  that  the  Board  of  Consulting  Engi- 
neers— ^that  is,  the  Board  of  which  you  were  a  member — discarded 
the  plan  of  a  dam  at  Bohio  in  consequence  of  the  fact  that  Mr. 
Wallace  had,  by  more  complete  borings,  found  that  they  had  not 
struck  solid  rock  within  40  leet,  or  about  40  feet,  of  the  distance  that 
they  reported  ? 

Mr.  Noble.  I  think,  Senator,  that  the  minority  would  have  chosen 
Gatun  anyway. 

Senator  Kittredge.  Anyway?    • 

Mr.  Noble.  Yes. 

Senator  Kittredge.  In  preference  to  Bohio? 

Mr.  Noble.  In  preference  to  Bohio. 

Senator  Kittredge.  So  that  the  Bohio  plan  was  really  not  studied 
carefully  by  the  Commission  ? 

Mr.  Noble.  Oh,  I  think  so.  I  think  it  was  studied  carefully  by 
the  Conmiission,  but 

Senator  Kittredge.  And  rejected? 

Mr.  Noble.  And  the  other  preferred. 

Senator  Kittredge.  Yes;  rejected  in  favor  of  the  Gatun  proposi- 
tion? 

Mr.  Noble.  Yes. 

The  Chairman.  Mr.  Noble,  what  would  be  the  objection  to  put- 
ting two  locks  at  Gatun  instead  of  three  and  making  them  1,000  feet 
in  kngth?     What  would  be  the  objection  to  that? 

Mr.  Noble.  Aside  from  the  objection  to  the  1,000  feet  in  length, 
which  is  not  a  very  serious  one,  of  course,  as  far  as  I  am  concerned, 
in  my  opinion,  there  would  not  be  any  serious  objection.  I  have  no 
fear  of  a  42-foot  lift. 

The  Chairman.  That  would  be  the  only  one? 
ENO  I  c— 06 31 
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Mr.  Noble.  That  would  be  the  only  one;  yes.  I  think  that  is 
true;  I  can  think  of  no  other. 

Senator  Kjttredge.  That  would  be  an  unusual  and  an  untried 
structure,  however;  would  it  not? 

Mr.  Noble.  Yes;  but  not  an  unconsidered  one.  Senator,  because 
the  previous  Isthmian  Canal  Commission  had  considered  the  same 
thing. 

Senator  Hopkins.  You  would  not  consider  it  a  dangerous  lift  then? 

Mr.  Noble.  Oh,  no.  I  look  upon  it  as  exactly  parallel  to  the  prob- 
lem of  a  bridge  span.  If  you  increase  the  span,  you  must  increase  the 
cross  section,  increase  the  strength  in  proportion. 

Senator  Hopkins.  It  is  on  the  same  principle;  if  you  increase  the 
strength  of  the  thousand-foot  lock  where  you  raise  42  feet,  it  is  just  as 
easy  to  raise  42  feet  as  it  is  20  or  30? 

Mr.  Noble.  Oh,  yes. 

Senator  Hopkins.  My  information  is  (and  I  will  ask  you  whether 
I  am  correct  or  not)  that  at  the  Soo  thev  have  increased  the  lift  from 
10  to  20  feet. 

Mr.  Noble.  Yes,  sir.  The  old  State  locks  at  the  Soo,  opened  for 
navigation  in  1855,  overcame  that  lift,  which  then  was  about  18  feet  in 
two  locks,  dividing  it  about  equally.  At  that  time  that  was  considered 
a  rather  high  lift  for  a  lock.  Then  in  1870,  when  the  improvements 
were  undertaken  there  by  the  General  Government,  it  was  decided 
in  the  new  lock,  parallel  to  the  old  ones,  to  adopt  a  single  lift,  and  the 
wisdom  of  that  was  very  strongly  questioned.  It  was  unprecedented 
at  that  time,  and  there  were  just  as  many  doubters,  I  think,  about  the 
feasibility  and  propriety  of  a  lift  of  18  feet  then  as  there  would  be 
about  a  42-foot  lift  now.     It  worked  perfectly  successfully. 

The  Chairman.  As  I  understand  it,  the  whole  plan  at  Gatun  is 
somewhat  unusual,  is  it  not,  anyway,  for  the  three  locks?  The  prop- 
osition to  put  in  two  would  not  be  much  more  unusual  than  it  would 
be  to  put  in  three,  would  it? 

Mr.  Noble.  In  respect  to  lifts.  Senator,  it  is  an  advance  from  any 
former  practice.  There  is  another  objection  to  a  42-foot  lift  that 
might  be  brought  up,  but  in  this  case  it  is  not  important.  That  is, 
that  it  requires  a  little  more  water,  of  course,  to  fill  a  lock  42  feet  deep 
than  it  does  to  fill  one  30  feet  deep;  and  you  would  sooner  have  to 
supply  an  additional  water  supply  as  commerce  increased. 

The  Chairman.  It  would  take  no  more  water  to  fill  two  than  it 
would  three,  would  it? 

Mr.  Noble.  May  I  illustrate  that  a  little  bit  in  detail?  Perhaps  it 
will  not  take  too  much  time. 

The  Chairman.  Certainly ;  certainly. 

Mr.  Noble.  Suppose,  Senator,  that  a  vessel  were  bound  down  from 
the  summit  level,  and  that  a  boat  had  just  ffone  down.  Suppose  a 
boat  had  just  gone  down,  leaving  the  water  all  at  the  lower  levels.  In 
the  lower  lock,  of  course,  it  would  be  at  the  level  of  the  lower  pool. 
In  the  middle  lock  it  would  be  one  lift  above  that,  and  at  the  upper 
lock  it  would  be  one  lift  above  that,  and  that  would  be  a  lift  below 
the  summit  level.  Then  suppose  another  boat  followed  it.  They 
would,  in  the  first  place,  have  to  fill  the  upper  lock.  That  would  take, 
in  case  of  the  three-lock  system,  we  will  sav,  80  vertical  feet  of  water. 

Now,  when  the  upper  gates  are  closed,  the  next  operation  would  be 
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to  open  the  valves  and  fill  the  lock  below ;  and  that  chamber  full  of 
water,  that  30  feet  of  water  in  the  upper  lock,  would  raise  the  water 
in  the  middle  lock  until  they  would  be  at  a  common  level.  Then  the 
ye^el  would  pass  through,  and  so  on.  Now,  that  means  that  they 
draw  out  one  lock  full  from  the  upper  level  in  passing  that  ship 
down.  In  the  case  of  the  42-foot  lift  that  lock  full  would  be  measured 
by  the  42  vertical  feet 

Senator  Kittrsdgb.  Do  you  know  of  any  locks  constructed  as  these 
are  supposed  to  be,  in  flights,  with  a  lift  aggregating  85  feet! 

Mr.  Noble.  At  Lockport  the  canal  lo(£s  are  atSut  that;  I  think 
there  are  10  or  11  lifts,  however. 

Senator  Kittredge.  AVhat  are  the  usable  dimensions  of  those  locks? 

Mr.  Noble.  There  is  no  ship  canal  anywhere  with  a  flight  of  three 
locks  overcoming  a  lift  of  85  feet. 

Senator  Kjttredoe.  That  is  what  I  meant. 

Mr.  Noble.  There  is  no  large  ship  canal;  no,  sir. 

Senator  Kittredge.  Is  there  any  large  ship  canal  that  you  know 
of  where  they  have  locks  in  flights  of  two,  with  an  aggregate  lift  of 
CO  feet^-30  feet  each  ? 

Mr.  Noble.  No,  sir;  no,  sir. 

Senator  Kittredge.  What  is  the  largest  lock  for  a  ship  canal  now 
in  use? 

Mr.  Noble.  I  think  probably  the  Soo  Canal  has  the  largest  lock  and 
the  largest  lift 

Senator  Kittredge.  What  are  the  dimensions  of  that  lock? 

Mr.  Noble.  Eight  hundred  feet  long  and  100  feet  wide,  with  a  lift 
of  probably,  I  might  say,  20  feet.     It  varies  a  little. 

Senator  Kittredge.  And  that  is  a  single  lock? 

Mr.  Noble.  That  is  a  single  lock ;  yes,  sir. 

Senator  Kittredge.  By  "  800  feet "  do  you  mean  usable  dimen- 
sions? 

Mr.  Noble.  No,  sir;  that  is  the  length  between  the  gates. 

Senator  Kittredge.  What  is  the  usable  dimension  of  that  lock  ? 

Mr.  Noble.  That  would  be  about  750  feet. 

Senator  Hopkins.  Mr.  Noble,  you  know  of  no  such  canal  in  ex- 
istence, do  you,  as  is  proposed  either  by  the  majority  or  the  minority 
of  this  Board  of  Consulting  Engineers  ? 

Mr.  Noble.  No,  sir. 

Senator  Hopkins.  So  that  the  construction  of  the  canal  on  either 
tyoe,  either  the  sea  level  or  the  lock  level,  is  exceptional  ? 

Mr.  Noble.  The  Panama  Canal  certainly  is  exceptional,  no  matter 
how  built. 

Senator  Kittredge.  Yes;  and  the  locks  that  are  spoken  of  here  at 
the  Gatun  dam  are  no  more  exceptional  than  the  construction  of  the 
entire  dam  is  exceptional,  are  they  ? 

Mr.  Noble.  I  am  not  sure  as  to  that,  Senator.  The  Suez  Canal  is 
a  sea-level  canal,  of  course,  and  has  been  excavated  for  a  greater 
length  than  the  Panama  Canal ;  and  I  should  think  that  the  parallel 
between  Suez  and  Panama  at  sea  level  would  be  closer  than  between 
any  two  lock  canals. 

Senator  Hopkins.  Still  the  climate,  the  topography  of  the  country, 
and  almost  every  element  connected  with  the  construction  of  the 
Panama  Canal  differ  very  widely  from  the  Suez  Canal  ? 
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Mr.  Noble.  Oh,  those  conditions,  taken  altogether,  as  a  whole 
project,  make  it  unprecedented,  of  course. 

Senator  Morgan.  You  have  never  had  any  conn^tion  with  this 
work  as  a  commissioner  for  the  construction  of  the  canal? 

Mr.  Noble.  No,  sir. 

Senator  Morgan.  You  declined  an  appointment  on  that  Commis- 
sion? 

Mr.  Noble.  Yes,  sir. 

Senator  Morgan.  Your  work  on  it  was  confined  entirely  to  what 
we  call  the  Walker  commission  of  examination,  which  made  its  re- 
port— this  report  here — and  then,  afterwards,  to  your  service  on  the 
board  of  Consulting  Engineers? 

Mr.  Noble.  That  is  my  entire  official  connection  with  the  Panama 
Canal. 

Senator  Morgan.  That  is  what  I  supposed. 

Senator  Kittredge.  You  w^ere  also  a  member  of  the  Ludlow  Com- 
mission ? 

Mr.  Noble.  Yes.  That  did  not  relate  to  the  Panama  Canal,  how- 
ever. 

Senator  Kittredge.  I  understand;  I  simply  mentioned  that  as 
showing  your  experience  in  matters  of  this  kind. 

Mr.  Noble.  Yes. 

(The  conmiittee  thereupon  took  a  recess  until  2  o'clock  p.  m.) 

AFTER   RECESS. 

Senator  Kittredge.  Mr.  Noble,  have  you,  during  the  recess,  ex- 
amined the  drawings  in  the  office  of  the  Canal  Commission  in  refer- 
ence to  the  usable  length  of  the  locks  proposed  at  Gatun  ? 

Mr.  Noble.  Yes,  sir. 

Senator  Kittredge.  What  do  they  show? 

Mr.  Noble.  The  published  drawing  seems  to  have  been  a  drafts- 
man's error  in  showmg  the  lock  chamoers  too  short. 

Senator  Kittredge.  What  do  those  drawings  show? 

Senator  Hopkins.  Let  him  furnish  his  answer. 

Mr.  Noble.  I  did  not  measure  this.  This  information  came  from 
General  Davis.  The  draftsmen  also  informed  me  that  they  had  made 
a  mistake  and  made  the  drawings  too  short ;  but  the  borings  have  not 
developed  a  lock  site  long  enough  for  three  locks. 

Senator  Kittredge.  They  have  not? 

Mr.  Noble.  No,  sir. 

Senator  Kittredge.  To  what  length  have  those  borings  developed 
a  lock  site  ? 

Mr.  Noble.  They  have  developed  a  lock  site  long  enough  for  two 
locks  and  something  over. 

Senator  Kittredge.  Of  what  length? 

Mr.  Noble.  Of  a  usable  length  of  900  feet. 

Senator  Kittredge.  That  is  the  length  that  the  majority  of  the 
Board  suggests? 

Mr.  Noble.  Yes,  sir. 

Senator  Kittredge.  This  morning,  just  before  recess,  the  question 
of  increased  lift  was  discussed — that  is,  having  two  locks  of  an  aggre- 
gate lift  of  85  feet.  'What  effect  would  locks  of  that  size  have  upon 
the  use  of  water? 

Mr.  Noble.  They  require  more  water. 
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Senator  KiTTREDGE.  How  much  more? 

Mr.  Noble.  Thev  require  for  the  Atlantic  side  in  the  proportion  of 
28  or  29  to  42^.  'that  would  be  approximately  50  per  cent  more  for 
the  Atlantic  locks. . 

Senator  Kjttredge.  In  other  words,  if  you  have  two  locks  with  an 
aggregate  lift  of  85  feet,  you  would  require  50  per  cent  more  water 
than  lOT  three  locks  ? 

Mr.  Xoble.  On  that  side — on  the  Atlantic  slope. 

Senator  Kittkedge.  That  is  what  I  mean. 

Mr.  Noble.  Yes,  sir. 

Senator  Kittredge.  Three  locks,  according  to  the  plan  proposed 

by  the  minority 

*Mr.  Noble.  For  lockage  purposes  only,  you  understand. 

Senator  Kittredge.  I  understand.  That  is  what  I  was  talking 
about. 

Mr.  Noble.  Not  the  water  supply. 

Senator  Kittredge.  Well,  the  supply  for  lockage  purposes? 

Mr.  Noble.  Yes,  sir. 

Senator  Kittredge.  That  is  right? 

Mr.  Noble.  Yes,  sir. 

Senator  Kittredge.  Was  the  question  of  water  supply  considered 
by  the  minority? 

Mr.  Noble.  Yes,  sir. 

Senator  Kitiredge.  You  determined  it  to  be  ample  for  the  lockage 
of  three  locks? 

Mr.  NoBiiE.  Yes,  sir. 

Senator  Kitfredge.  Is  there  any  doubt  about  its  being  suflScient 
where  you  increase  the  necessity  for  water  as  you  would  if  the  locks 
were  increased  from  30  to  42^  feet? 

Mr.  Noble.  It  would  be  necessary  to  provide  an  additional  water 
supply  a  little  earlier  than  it  would  under  the  three-lock  plan. 

Senator  Hopkins.  What  do  you  mean  by  a  little  earlier  ? 

Mr.  Noble.  With  the  three-lock  plan  the  water  supply — my  num- 
bers may  not  be  correct — but  the  water  supply  was  adequate,  we 
will  say,  for  25  passages  per  day;  if  we  had  to  use  more  water  for 
lockage  purposes,  it  would  not  be  available  for  quite  so  many,  and 
when  traflSc  developed  up  to  that  extent  we  would  have  to  develop 
an  additional  water  supply  somewhere  on  the  upper  Chagres. 

Senator  Hopkins.  An  additional  water  supply  ? 

Mr.  Noble.  We  would  have  to  impound  some  water  somewhere 
on  the  upper  Chagres. 

Senator  Hopkins.  Is  there  any  trouble  about  that  ? 

Mr.  Noble.  No,  sir. 

Senator  Hopkins.  No  practical  trouble  would  be  experienced  on 
that  account,  then? 

Mr.  Noble.  No,  sir ;  there  would  only  be  the  cost  of  building  a  dam. 

Senator  Kittredge.  Whereabouts  had  you  in  mind  to  build  that 
structure? 

Mr.  Noble.  At  Alhajuela. 

Senator  Kittredge.  How  far  is  that  from  Gamboa  ? 

Mr.  Noble.  About  10  or  12  miles. 

Senator  Kittredge.  And  what  are  the  opportunities  for  the  con- 
struction of  a  dam  in  that  vicinity? 
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Mr.  Noble.  There  is  an  excellent  site  at  Alhajuela. 

Senator  KnrREDOE.  And  the  dimensions  are  what? 

Mr.  Noble.  I  would  have  to  go  to  the  old  profile  for  that.  It  was 
the  old  site  selected  by  the  French  Panama  Canal  Company  and 
studied  by  the  Isthmian  Canal  Commission.  I  have  examined  the 
site.  It  IS  a  rocky  gorge,  with  rock  in  sight  in  most  places  on  the 
sides  of  the  gorge^  and  at  no  great  depth  in  the  valley,  as  determined 
by  the  French  bSrings. 

Senator  Kittredge.  The  borings  and  the  record  of  them  at  the 
Gatun  dam  site  disclose  the  presence  of  water  at  different  depths,  do 
they  not? 

Mr.  Noble.  I  believe  so ;  yes,  sir. 

Senator  Kittredge.  I  wish  you  would  look  on  plate  12  and  point 
out  in  what  manner  they  are  indicated. 

Mr.  Noble.  I  am  not  sure  that  they  are  indicated.  Senator. 

General  Davis.  Let  me  help  you. 

Senator  Kittredge.  That  is  not  plate  12  there. 

General  Davis.  Not  that  plate.  This  is  plate  12,  where  they  should 
be  shown.  The  points  where  the  water  emerges  have  been  omitted 
from  this  sheet. 

Mr.  Noble.  It  does  not  appear  to  be  shown  on  the  plate. 

Senator  Kittredge.  Those  were  the  maps  sent  us,  as  you  under- 
stand ? 

Mr.  Noble.  Yes. 

Senator  Kittredge.  Can  you  account  for  the  fact  that  they  are  not 
shown  on  that  ? 

Mr.  Noble.  No  ;  I  am  not  familiar  with  the  manner  in  which  these 
drawings  were  made  up. 

General  Davis.  Here  is  the  original  [indicating]. 

Mr.  Noble.  No,  sir ;  I  can  not  explain  that. 

Senator  Kittredge.  I  return  again  to  your  testimony 

Senator  Hopkins.  Before  you  leave  that.  Senator,  may  I  ask  a 
question  ? 

Senator  Kittredge.  Certainly. 

Senator  Hopkins.  You  have  the  original  map  before  you,  have 
you? 

Mr.  Noble.  I  am  not  perfectly  sure  about  this.  Perhaps  I  should 
state  to  the  committee  what  I  stated  to  the  Senator  a  short  time  ago. 
that  the  work  to  be  done  by  the  minority  in  preparing  their  report 
involved  so  much  detail  that  we  were  obliged  to  divide  up  our  work, 
and  this  part  of  the  work  was  attended  to  by  one  of  the  other  members. 

Senator  Kittredge.  Who  did  this  work? 

Mr.  Noble.  I  am  not  sure.  I  think  Mr.  Stearns  did,  probably, 
who  will  be  here  to-morrow. 

Senator  Hopkins.  Would  the  fact  that  the  profile  shows  water 
there  in  those  different  borings  change  the  opinion  that  you  have 
given  as  a  member  of  the  minority,  and  would  it  change  the  opinion 
that  you  have  expressed  here  to-day  regarding  the  feasibility  of  the 
dam  and  locks  at  Gatun  and  the  construction  of  a  lock-level  canal, 
as  proposed  by  the  minority  ? 

Mr.  Noble. 'Not  at  all. 

Senator  Kittredge.  In  that  connection,  Mr.  Noble,  I  read  from 
your  t^timony  given  before  this  committee  four  or  five  years  ago. 
Speaking  of  the  foundation  at  Bohio 
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Senator  Hopkins.  Have  you  questioned  him  all  you  are  going  to 
on  Gatun  and  those  locks? 

Senator  Kittkedge.  No. 

Senator  Hopkins.  All  right.  I  thought  we  had  better  keep  that 
testimony  together,  to  develop  it.  If  you  are  coming  back  to  it  it  is 
all  right 

Senator  Kittredge.  I  had  it  in  mind  to  come  back  to  it. 

Senator  Hopkins.  All  right 

Senator  EaTTSEDOE.  IVhen  I  referred  to  this  subject  this  morning 
I  had  read  you  your  answer  in  reference  to  the  Bohio  dam  (reading) : 

'^  I  should  not  consider  it  to  possess  the  requisite  amount  of  certainty 
as  a  protection  for  that  navigation.  I  could  not  say  that  it  would 
give  way,  and  I  could  not  predict  with  certainty  that  the  seepage 
would  be  very  serious,  but  I  should  apprehend  it. 

''The  Chaibman.  You  would  not  advise  the  building  of  a  dam 
upon  such  a  foundation? 

"  Mr.  Noble.  No,  sir." 

Do  you  entertain  that  opinion  to-day  ? 

Mr.  Noble.  The  situation  here  at  Gatun  is  more  favorable  than  it 
is  at  Bohio,  in  the  first  place.  In  the  second  place,  in  the  interval  of 
four  or  five  years  I  have  changed  my  opinion  somewhat  as  to  the 
advisability  of  building  a  dam  of  earth,  it  it  is  made  of  great  dimen- 
sions. I  think  thai  the  amount  of  seepage  depends  upon  the  •dis- 
tance the  water  has  to  travel,  and  for  such  a  ^;reat  distance  as  pro- 
posed for  the  Gatun  dam  that  that  would  be  msignificant. 

Senator  Ejttredgb.  On  account  of  the  weight? 

Mr.  Noble.  On  account  not  only  of  the  weight,  but  of  the  distance 
through  which  the  water  would  have  to  travel.  To  go  into  the 
matter  a  little  further,  the  amount  of  water  which  will  pass  through 
permeable  material  is  dependent  upon  two  factors — first,  upon  me 
head  of  water  exerting  pressure,  and,  second,  upon  the  distance  which 
the  water  has  to  move  exerting  resistance.  And  in  this  case  that 
ratio  is  so  small  that  the  amount  of  seepage  would  be  very  small. 

Senator  Kittredge.  This  testimony  was  given  before  this  com- 
mittee four  years  affo  last  month,  and  at  that  time  you  had  just  com- 
fJeted  or  practicafly  completed  your  service  as  a  member  of  the 
sthmian  Canal  Commission,  and  had  visited  the  Isthmus  and  care- 
fully studied  all  the  conditions  relating  to  this  route.  That  is  right, 
is  it? 

Mr.  Noble.  That  is  true. 

Senator  Kittredge.  What  studies  have  you  given  this  subject  since 
that  time  until  you  became  a  member  of  the  Board  of  Consulting 
Engineers? 

Mr.  Noble.  More,  perhaps,  since  becoming  a  member  of  the  Board 
of  Consulting  Engineers  than  before.  Still,  I  have  during  that  four 
years  read  and  studied  to  auite  an  extent,  and  have  heard  discus- 
sions by  others  of  the  possible  amount  of  seepage,  the  thought  being 
to  determine  by  experiment  the  amount  oi  water  that  would  go 
through  a  given  mass  of  material.  That  has  been  in  the  way  of 
definite  information  from  which  my  opinion  has  been  changed  some- 
what. 

Senator  Kittredge.  To  what  extent  has  your  opinion  changed? 

Mr.  Nobi^.  To  the  extent  that  I  should  think  that  a  dam  at  Gatun 
on  that  foundation  would  be  an  adequate  dam  for  the  purposes  of  the 
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Panama  Canal.  Such  calculations  as  I  have  made  and  as  Mr.  Steams 
has  made,  who  has  given  this  matter  more  attention,  perhaps,  than 
anybody  else  in  this  country,  show  very  clearly,  I  think,  that  the 
seepage  would  be  neglirible. 

Senator  Kittredge.  Do  you  consider  that  the  danger  of  water  run- 
ning under  the  dam  from  seepage  is  the  only  danger  to  which  it 
would  be  subjected  ? 

Mr.  Noble.  With  a  dam  of  that  magnitude  I  do  not  think  it  is  a 
danger;  but  I  do  not  think  the  dam  can  be  moved  out  of  its  place  by 
this  water  pressure.  I  do  not  think  it  can  be  washed  down.  I  thint 
it  is  safer  against  earthquakes  than  anything  else  that  could  be  put 
there;  and  the  only  other  danger  that  I  think  of  for  the  moment  is 
the  danger  of  seepage  underneath,  which  I  think  is  absolutely  negli- 
gible. As  far  as  the  danger  is  concerned,  I  can  not  conceive  that 
ttiere  is  any.  The  calculations  based  upon  the  experiments  on  filtra- 
tion would  seem  to  indicate  that  the  velocity  there  would  only  be  a 
few  feet  a  day. 

Senator  Kittredge.  Is  the  filtration  comparison  a  fair  one  with 
reference  to  a  structure  of  this  sort? 

Mr.  Noble.  I  should  think  that,  with  some  allowance,  it  will  give 
very  reliable  results. 

Senator  Kittredge.  What  allowance?  You  say,  "With  some  al- 
lowance." 

Mr.  Noble.  An  allowance  very  much  within  the  range  of  possible 
damage  to  the  Gatun  dam. 

Senator  Kittredge.  Describe  how  you  make  your  experiments  with 
your  filtration  plant.    Is  not  that  all  carefully  placed  ? 

Mr.  Noble.  I  can  give  you  results  of  some  old  experiments. 

Senator  Kittredge.  You  do  not  quite  understand  me,  I  think.  I 
am  quite  willing  to  have  you  explain  as  much  as  you  please,  but  what 
T  am  getting  at  is  your  comparison 

Senator  Hopkins.  Let  him  answer  this  first.  The  evidence  he  pro- 
poses to  give  may  be  of  interest  in  this  connection. 

(By  request,  the  stenographer  read  the  pending  question  of  Senator 
Kittredge,  as  follows :) 

"  Senator  Kittredge.  Describe  how  you  make  your  experiments 
with  your  filtration  plant.    Is  not  that  all  carefully  placed?  " 

Mr.  Noble.  The  experiment  I  am  about  to  describe  was  made  a 
good  many  years  ago  by  some  French  engineers,  when  they  took  a 
14-inch  pipe  and  filled  it  at  the  bottom  from  2  to  6  feet. 

Senator  Kittredge.  That  was  placed  by  hand? 

Mr.  Noble.  That  was  deposited,  of  course,  by  manual  labor.  There 
was  no  other  way  to  get  it  in  there.  That  experiment  was  repeated 
with  sand  of  different  degrees  of  fineness,  some  of  it  very  coarse  and 
some  very  fine. 

Senator  Kittredge.  In  what  manner  was  that  placed  ? 

Mr.  Noble.  I  can  not  say  as  to  the  precise  method  us«d,  only  it  was 
put  in  by  hand  in  that  pipe,  of  course.  That  was  subjected  to  heads 
running  from  3  to  46  feet,  and  the  amount  of  water  passing  through 
was  very  carefully  determined.  In  a  sand  such  as  you  would  find 
in  a  baiik  you  would  be  quite  certain  to  have  less  permeability  than 
in  a  carefully  selected  coarse  sand — perhaps  a  waaied  and  screened 
sand — and  if  you  assume  a  medium  sand,  on  the  basis  of  these  experi- 
ments, these  results  of  d'Arcy  and  Dupuit,  and  apply  to  it  a  cross 
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section  which  would  embrace  the  entire  areas  below  elevation  150, 
which  seems  to  be  more  than  you  are  justified  in  assuming  from  the 
borings,  the  amount  of  water  which  would  percolate  through  would 
be  about  1^  cubic  feet  per  second,  which  is  a  very  trifling  amount  in 
comparison  with  the  amount  of  water  stored  in  the  reservoir;  and 
the  velocity  of  it  through  the  sand,  supposing  that  the  water  passages 
were  one-thrid  of  the  volume  of  the  sand,  would  be  about  5  feet  in 
twenty-four  hours.  It  is  inconceivable,  even  allowing  a  very  lar^ 
margin,  that  that  could  carry  out  any  material  beneath  a  dam  like 
Gatun. 

Senator  Kitfredge.  In  your  testimony  four  years  ago  you  went  at 
some  length,  as  you  may  remember,  into  the  manner  of  constructing 
the  dam  at  Bohio,  and  the  substance  of  your  testimony  at  that  time 
was  that  you  would  go  down  to  solid  rock ;  that  is  right? 

Mr.  Noble.  I  think  that  is  right,  without  doubt. 

Senator  Kittredge.  And  you  described  the  process  by  which  that 
could  be  accomplished? 

Mr.  Noble.  That  was  the  plan  of  the  Commission  at  the  time. 

Senator  Kittredge.  Did  you  not  ? 

Mr.  Noble.  Yes;  I  presume  so.  I  have  not  read  my  testimony 
recently,  but  I  suppose  that  to  be  the  case. 

Senator  Kittredge.  Would  you  like  to  have  me  read  it? 

Mr.  Noble.  I  accept  your  statement  very  gladly.  Senator. 

Senator  Kittredge.  And  in  that  testimony  you  said  that  you  would 
by  pneumatic  process  go  down  to  bed  rock,  which  was  128  Ifeet  below 
the  surface,  and  there  put  in  your  foundation  construction  to  keep 
oflf  this  water.    That  is  right,  is  it  not? 

Mr.  Noble.  I  think  that  is  undoubtedly  so ;  yes,  sir. 

Senator  Kittredge.  And  you  have  modified*^  your  views  upon  that 
subject  since  that  time? 

Mr.  Noble.  If  we  could  put  in,  without  going  below  125  feet,  a 
cut-off  wall  at  Gatun,  I  rather  think  I  would  do  it,  though  I  think 
it  would  be  a  sentimental  matter  and  rather  an  unnecessary  one. 

Senator  Kittredgr.  Why  would  you  do  it,  then  ? 

Mr.  Noble.  I  think  most  engineers  would  prefer  a  solid  masonry 
dam — I  will  not  say  most  engineers,  because  a  good  many  prefer  an 
earth  dam ;  but  my"  own  preference  would  be,  in  a  country,  at  least, 
where  there  are  no  earthquakes,  a  solid  masonry  dam  and  solid  rock 
foundation,  if  you  could  choose  the  conditions  to  that  end. 

Senator  Kittredge.  Would  you  have  any  preference  between  that 
dam  and  a  masonry  core  ahd  an  earth  dam? 

Mr.  Noble.  The  masonry  core  dam  is  a  matter  the  advisability  of 
which  is  very  much  in  dispute  among  engineers. 

Senator  Kittredge.  But  you  would  go  to  foundation  if  you  could  ? 

Mr.  Noble.  If  we  could  reach  rock  by  going  to  128  feet,  I  think  I 
would  do  it. 

Senator  Kittredge.  At  the  Gatun  dam  site,  if  vou  could  go  to 
solid  rock  for  your  foundation  of  that  dam,  you  would  do  so  ? 

Mr.  Noble.  I  think  so ;  yes,  sir. 

Senator  Kjttredge.  Why  would  you  do  it? 

Mr.  Noble.  Mainly  for  the  sentimental  reason,  to  give  to  Congress 
and  to  the  people  a  structure  more  in  accordance,  perhaps,  with  what 
they  thought  was  right.     I  do  believe,  notwithstanding  that,  that  the 
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Gatun  dam  will  absolutely  maintain  the  summit  level  of  the  Panama 
Canal  with  entire  safety. 

Senator  Kittrbdge.  feut  there  are  engineers  who  differ  with  you 
on  that  question  ? 

Mr.  Noble.  Without  doubt. 

Senator  Kittredge.  Strongly? 

Mr.  Noble.  Yes. 

Senator  EaTTREOGE.  And  entirely? 

Mr.  Noble.  Yes. 

Senator  Hopkins.  You  said  "  entirely."  I  do  not  understand  that 
Mr.  Parsons,  who  testified  here  yesterday,  stated  that  that  dam  would 
answer  the  purpose.  Do  you  know  of  any  eminent  engineer  that 
differs  entirely  on  that  proposition? 

Mr.  Noble.  I  understana  Professor  Burr  to  do  so. 

Senator  Hopkins.  Prof essor  Burr  ? 

Mr.  Noble.  Yes.  It  was  Professor  Burr's  opinion  that  I  had  in 
mind  when  I  made  that  answer. 

Senator  Kittredge.  You  have  read  his  testimony? 

Mr.  Noble.  Yes.    I  understand  his  testimonv  to  be  to  that  effect. 

Senator  Hopkins.  Do  you  know  of  any  otner  eminent  encmieer 
that  takes  the  radical  view  that  Professor  Burr  does  on  that  Gatun 
dam? 

Mr.  Noble.  No;  I  do  not  recall  any. 

Senator  Kittredge.  Do  you  remember  your  testimony  four  years 
ago  upon  the  question  of  tlie  general  character  of  conditions  underly- 
ing the  Chagres  Valley  ? 

Mr.  Noble.  No ;  I  do  not  recall  it. 

Senator  Kittredge  (reading) : 

"  Senator  Hanna.  I  was  asking  you  some  questions  with  reference 
to  the  testimony  furnished  by  Mr.  Menocal.  He  was  asked  a  question 
about  the  condition  of  the  territory  which  would  be  covered  by  the 
Bohio  dam,  as  to  the  permeable  material.    He  testified  as  follows : 

"  Mr.  Menocal.  My  impression  is  that  the  whole  valley  is  perme- 
able, more  or  less — the  bottom  of  the  Chagres,  the  flood  vallev. 

"  Senator  Harris.  You  do  not  think  it  is  covered  by  a  sufliciently 
heavy  and  tight  blanket — I  believe  that  is  the  technical  expression? 

"  Mr.  Menocal.  That  is  the  proper  expression.  I  do  not  believe 
that  it  is  sufficiently  covered  in  that  way.  The  description  of  the 
valley  by  the  Commission  shows  that  it  is  composed  of  gravel,  sand, 
clav,  and  other  permeable  materials  mixed  in  various  proportions.   , 

''  Senator  Harris.  The  Commission's  report  also  indicates  that  they 
recognize  the  existence  of  this  permeable  material. 

"  Mr.  Menocal.  Yes ;  but  even  this  top  blanket,  I  think,  is  perme- 
able as  well,  in  the  greater  part  of  it,  if  not  at  all  points." 

Did  the  Commission  of  which  you  were  a  member  recognize  the 
character  of  the  material  in  the  Chagres  Valley  as  of  the  character 
indicated  in  this  testimony  that  I  have  read? 

Mr.  Noble.  Substantially  so,  I  think.  Senator.  The  bed  of  the 
Chagres  from  Bohio  up  is  usually  sand  and  gravel.  There  is  a 
great  deal  of  gravelly  material  in  it,  and  the  banks  arc  usually 
of  clay,  and  in  a  good  many  cases  the  clay  is  underlaid  by  some 
ancient  bed  of  the  Chagres.  And  you  will  find,  on  going  tlirough  the 
clay,  gravel  below  it.  Those  opinions  expressed  four  or  five  years 
ago  relate  to  the  Chagres  from  Bohio  up,  where  it  was  in  sight  and 
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w^here  that  was  in  question.  In  the  immediate  vicinity  of  Bohio 
we  had  f oimd  that,  in  one  or  two  places  at  any  rate,  the  borings,  in- 
stead of  passing  through  a  top  clay  as  they  did  in  most  places,  which 
would  be  considered  a  blanket,  went  into  the  gravel  without  any 
intervening  clay ;  that  is,  the  gravel  was  in  communication  with  the 
Chagres  Kiver  at  no  very  great  distance.  I  think  that  should  be 
understood  as  relating  to  the  river  in  the  neighborhood  of  Bohio  and 
from  there  upstream.  The  Gatun  section  was  not  then  under  con- 
sideration, as  nobody  thought  of  building  a  dam  there. 

Senator  Kittredge.  Where  does  the  water  passing  at  the  bottom  of 
the  Chagres  River  at  Bohio  pass  with  reference  to  the  dam  at  Gatun? 

Mr.  ISoBLE.  The  water  in  the  underlying  material? 

Senator  Kittredge.  Where  you  strike  tne  water  after  making  bor- 
ings at  Boliio,  where  does  it  go  to? 

Mr.  Noble.  Oh,  I  do  not  know. 

Senator  Kittredge.  Does  it  come  out  into  the  river  before  you 
reach  Gatun? 

Mr.  Noble.  I  do  not  think  anybody  can  say. 

Senator  Kittredge.  And  you  do  not  know  the  conditions  under 
the  Gatun  site,  below  the  indurated  clay,  do  you  ? 

Mr.  Noble.  Certainly  not. 

Senator  E^ittredge.  Is  there  anything  by  which  we  can  determine 
the  character  of  the  material  through  which  that  water  passes,  if 
it  does  pass  between  the  indurated  clay  and  the  rock  ? 

Mr.  Noble.  I  do  not  think  there  is  the  least  ground  to  assume  that 
there  is  any  gravel  between  the  clay  and  the  rock,  or  that  there  is 
any  water  present  in  the  indurated  clay. 

Senator  Kittredge.  Can  5"ou  say  that  there  is  not  any  ? 

Mr.  Noble.  No  ;  I  think  there  is  no  ground  for  assuming  that. 

Senator  Kittredge.  Can  you  say  that  there  is  not  ? 

Mr.  Noble.  Certainly  not. 

Senator  Kittredge.  You  answered  the  question  upon  this  subject 
four  years  ago 

Senator  IfoPKixs.  Before  you  go  on,  where  he  says  there  is  no 
ground  for  assuming  that,  I  wish  he  would  give  his  reasons. 

Senator  Kittredge.  Certainly,  if  you  desire. 

Senator  Hopkins.  You  stated,  Mr.  Noble,  in  answering  Senator 
Kittredge's  question,  that  there  was  no  gi'ound  for  assuming  that 
there  was  any  water,  or  whatever  it  was,  below  there.  Give  your 
reasons. 

•Mr.  Noble.  It  would  be,  to  my  mind,  such  an  improbable  case  that 
it  would  require  pretty  strong  evidence  in  the  way  of  facts  to  demon- 
strate it. 

Saiator  Hopkins.  I  did  not  mean  to  interrupt  you.  Senator,  but 
I  thought  he  had  bettergive  his  reasons. 

Senator  Kittredge.  'Hiat  is  all  right. 

In  answer  to  the  questions  of  Senator  Hanna  regarding  the  charac- 
ter of  the  sand  and  gravel  you  said  [reading]  : 

"If  that  soil  extended  down  to  bed  rock,  an  earth  dam  would 
accomplish  the  entire  purpose  of  maintaining  the  level  of  Lake 
Bohio,  but  the  clay  is  imderlaid  by  sand  and  gravel,  the  exact  coarse- 
ness of  which  we  do  not  know." 

Why  was  it  impossible  for  you  to  determine  that? 
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Mr.  Noble.  It  was  very  difficult  to  determine  that,  with  any  de- 
gree of  certainty,  by  boring.  Senator.  You  take  borings,  for  exam- 
ple, with  a  2i-inch'pipe,  and  put  a  smaller  pipe  inside  to  wash 
out  the  material,  and  you  collect  samples  of  the  sand  and  gravel  and 
dirt  and  so  on  as  it  comes  out;  but  there  may  be  coarser  material 
down  there  that  would  not  go  up  in  the  opening  between  the  two 
pipes,  or  possibly  material  that  would  not  go  up  in  the  larger  pipe; 
so  that  it  is  impossible,  without  seeing  the  material  actually  on  a 
larger  scale  than  in  that  wav,  to  determine  precisely  what  it  is. 

Senator  Kittredge.  Was  tliat  done  at  Gatun? 

Mr.  Noble.  No,  sir. 

Senator  Kittredge.  How  can  you  tell  us,  then,  the  character  of  the 
sand  and  gravel  that  is  known  and  conceded  to  be  under  that  founda- 
tion? 

Mr.  Noble.  There  ma}^  be  coarser  gravel  than  has  been  shown  by 
the  samples.  There  can  be  no  question  about  that.  The  existence 
of  a  percentage  of  coarse  gravel,  or  ffravel  of  any  size,  would  not  nec- 
essarily increase  the  permeability  of  that  material.  It  may,  in  fact, 
decrease  it.  If  you  have  a  mixed  material,  coarse  and  fine,  it  is  less 
permeable  by  far  than  a  material  of  much  less  average  coarseness 
all  of  one  size. 

Senator  Kittredge.  Can  you  tell  us  that  it  would  ? 

Mr.  Noble.  Yes;  I  think  that  Mr.  Stearns  will  give  details  of  that 
to-morrow. 

Senator  KirrREooE.  Can  you  tell  us  ? 

Mr.  Noble.  No;  I  have  not  made  the  experiments.  Senator. 

Senator  Kittredge.  There  is  no  question  but  that  sand  and  gravel 
and  decayed  timber  and  all  sorts  of  material  are  to  be  found  under 
this  location  of  the  Gatun  dam  site.    That  is  right,  is  it  not? 

Mr.  Noble.  The  borings  indicate  that,  without^  any  doubt.  The 
existence  of  decayed  timber  is  not  very  disturbing,  because  that 
would  indicate  that  there  was  no  very  strong  current  at  the  time  that 
was  dropped  there.  That  would  be,'  as  far  as  it  went,  an  indication 
that  the  current  was  in  a  condition  to  drop  fine  material  rather  than 
to  carry  it  away. 

Senator  Hopkins.  To  go  back  to  the  Gatun  dam  and  the  locks 
there:  Have  you,  during  the  lunch  hour,  investigated  the  maps  and 
drawings  of  the  Commission,  so  that  you  can  state  with  anv  clearness 
or  definiteness  as  to  whether,  by  chan/s^ng  the  location  of  those  locks, 
you  can  have  a  three-lock  system,  as  is  proposed  in  this  plan  recom- 
mended to  Congress  ? 

Mr.  Noble.  The  topography  there  is  not  in  sufficient  detail  to  lay 
out  on  the  map  a  site  for  three  locks,  and  there  are  no  borings  else- 
where. Both  of  those  are  necessary  to  give  a  positive  answer  lo  that. 
The  borings  at  Gatun  have  been  extenoed  for  a  sufficient  distance  to 
cover  a  site  for  two  locks,  but  not  enough  to  cover  a  site  for  three. 

Senator  Hopkins.  Two  locks  of  what  dimensions? 

Mr.  Noble.  Nine  hundred  feet  usable  length. 

Senator  Hopkins.  If  the  two-lock  system  should  be  adopted  in- 
stead of  the  three-lock  system,  as  recommended  by  the  committee,  that 
would  necessitate  a  higher  lift  than  was  proposed  in  the  three-lock 
system  i 

Mr.  Noble.  If  the  entire  lift  were  made  at  Gatun. 
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Senator  Hopkins.  Yes.  Well,  what  other  suggestion  have  you 
made  in  that  direction  ? 

Mr.  XoBLE.  The  plan  of  having  a  lift  of  two  locks  at  Gatun  of 
about  30  feet  each — and  I  shall  ask  General  Davis  to  correct  me  if  I 
am  wrong  about  this — and  a  final  lift  at  Bohio,  as  advocated  by  Gen- 
eral Abbott.     The  matter  has  been  under  some  discussion. 

Senator  Hopkins.  That  plan  is  entirely  feasible,  too,  is  it? 

Mr.  Noble.  Oh,  yes. 

Senator  Hopkins.  Something  was  said  before  lunch  about  a  lift  of 
42J  feet  if  the  entire  lift  of  85  feet  is  to  be  at  the  Gatun  dam.  Is 
there  anything  in  that  that  would  be  dangerous  ? 

Mr.  IfoBLE.  I  think  not.  The  lock  construction  and  the  gate  con- 
struction is  just  as  safe  as  for  any  other  lift,  provided  they  are  prop- 
erly designed.  If  it  should  occur  that  a  boat  should  drive  through 
the  head  of  the  lock  I  do  not  think  there  would  be  very  much  left 
of  it  on  a  lift  of  30  feet,  but  one  of  40  feet,  of  course,  woul  dbe  more 
severe. 

Senator  Hopkins.  Something  was  said  by  one  of  the  witnesses  with 
reference  to  the  danger  of  a  lock  canal  to  vessels  in  goinjg  in  and  out 
of  the  locks.  Have  you  had  any  experience  or  observation  that  will 
enable  you  to  give  us  any  news  as  to  the  character  of  that  danger  and 
the  extent  of  it  ? 

Mr.  Noble.  I  was  at  the  St.  Marys  Falls  Canal  for  about  twelve 
years  in  local  charge  of  the  work  of  improvement  there.  During  the 
last  year  I  was  the  superintendent  of  the  canal  for  operation,  also. 
I  observed  closely  all  that  was  going  on  during  the  entire  twelve 
vears,  and  there  was  never  any  serious  accident  at  the  gates  or  to  the 
Jock  in  any  way  caused  by  the  movement  of  vessels. 

Senator  Hopkins.  Well,  do  you,  from  your  experience,  regard  the 
construction  of  a  two  or  three  lock  system  at  Gatun  as  being  at  all 
dangerous  to  navigation  i 

A&.  XoBLE.  I  think  the  danger  is  inappreciable.  I  base  that  upon 
the  exi)erience  had  at  the  Soo  for  more  than  fifty  years,  where  no 
serious  injury  has  ever  been  done  to  a  ship  at  the  lock. 

Senator  Hopkins.  The  witness  who  was  here  yesterday,  Mr.  Par- 
sons, I  think  spoke  about  some  accidents  at  Manchester. 

Senator  Dryden.  When  the  lock  was  absolutely  crushed  down, 
broken  down. 

Senator  Hopkins.  Under  what  conditions  could  such  an  accident  as 
that  occur? 

Mr.  Noble.  The  locks  at  Manchester  are  not  provided  with  suitable 
approach  walls,  and  vessels  are  not  under  control  by  lines  until  they 

fet  to  the  lock  itself.  That  is  my  recollection  of  all  the  locks,  and  I 
ave  examined  the  drawings  of  the  Manchester  Canal  since  this  dis- 
cussion was  commenced,  and  they  conform  to  that.  At  the  St.  Marys 
Falls  Canal  there  are  long  vertical  walls  leading  to  every  lock,  and  at 
the  upstream  end  those  walls  are  more  than  a  mile  in  length  and  at 
the  downstream  end  perhaps  they  are  2,000  feet  in  length. 

Vessels  come  to  a  stop,  or  at  least  come  to  a  very  slow  movement, 
and  before  they  are  allowed  to  approach  the  locks  they  are  required 
to  have  out  a  number  of  lines  which  lock  tenders  carry  from  snub- 
bing post  to  snubbing  post,  ready  to  put  them  on  at  any  time. 
Those  facilities  and  those  approach  walls  are  very  essential  for  the 


482  INVESTIGATION    OF   PANAMA   CANAL   MATTERS. 

safe  navigation  of  a  canal.  I  do  not  believe  that  if  they  had  had  them 
provided  at  Manchester  those  accidents  would  have  occurred. 

At  the  Kiel  Canal  they  have  a  floating  platform  attached  to  moor- 
ing piles  that  is  very  much  inferior  to  an  approach  wall.  If  a  vessel 
touches  them  and  then  heels  over  a  bit  ttiey  are  apt  to  roll  over. 
They  have  that  same  appliance  at  the  Canadian  canal,  Sault  Ste. 
Marie,  where,  for  the  whole  length  of  the  canal  itself,  not  immediately 
at  the  locks,  the  rock  is  left  somewhat  rough;  and  in  order  to  pro- 
tect vessels  they  have  a  timber  fender  alongside  which  now  and  then 
gets  rolled  over. 

I  think  with  suitable  approach  walls  so  that  vessels  can  be  brought 
under  control  or  stopped  if  necessary  or  thought  ad^'isable,  before 
they  get  to  a  lock,  tne  dangers  are  rendered  very  small  indeed. 
Then,  by  the  provision  of  the  additional  gates,  which  the  minority 
report  suggests,  sc  that  there  will  always  te  two  pairs  closed  against 
an  approaching  ship  from  the  upper  level,  there  does  not  seem  to 
be  enough  risk  left  for  the  liveliest  imagination  to  make  anything 
out  of.  That  seems  to  be  so  absolutely  demonstrated  by  the  fifty 
years'  experience  at  the  Soo  that  I  hardly  see  how  it  could  be  ques- 
tioned. 

Senator  Hopkins.  Then  you  attribute  this  damage  at  Manchester 
to  the  fact  that  the  locks  were  not  up  to  date? 

Mr.  Noble.  I  think  so.  The  locks  themselves  are  fine  pieces  of 
mechanism.  In  all  the  European  canals  that  I  have  seen  the  masonry 
and  the  lock  machinery  are  verj',  very  fine;  but  they  seem  to  have 
that  fatal  defect. 

Senator  Hopkins.  Ye?.  So  that  in  making  the  recommendation 
that  was  made  by  the  minority  for  the  three-lock  system  here  the 
engineers  who  joined  in  that  took  into  consideration  all  of  the  ele- 
ments of  danger  that  could  be  imagined  in  the  construction  of  a 
canal  of  that  kind  ? 

Mr.  Noble.  Yes,  sir;  all  the  elements  of  danger  that  had  been  sug- 
gested by  the  various  members  of  the  board  were  given  very  careful 
attention. 

Senator  Hopkins.  And  in  the  judgment  of  the  men  who  joined  in 
the  minority  report  it  was  so  infinitesimal  in  character  that  they  did 
not  regard  it  as  of  anv  consequence? 

Mr.  Noble.  Yes.  iThat  opinion  is  expressed  very  clearly,  I  think, 
in  the  minority  report,  in  which  we  all  agreed  without  any  qualifi- 
cation. 

Senator  Hopkins.  Now,  T  wish,  Mr.  Noble,  that  you  would  go  on 
in  your  own  way  and  give  the  points  of  superiority  of  the  plan  sug- 
gested by  the  minority  over  the  sea-level  canal. 

Mr.  Noble.  The  reason  why  the  minority  believe  the  lock  canal  to 
be  superior  to  the  sea  level  are  given  at  the  beginning  of  the  minority 
report,  substantially.  ' 

The  first  one  was  that  the  lock  canal  would  have  a  greater  capacity 
for  traffic  than  that  afforded  by  the  narrow  waterways  proposed  by  the 

Board.  ,      ,    .  •    j 

The  ground  for  that  is  indicated  by  the  calculated  time  required 
for  transit  across  the  Isthmus,  on  page  86  of  the  report,  which  shows 
a  very  rapid  increase  in  time  required  to  pass  as  the  traffic  increas^; 
and  we  believe  that  before  a  CTeat  while  after  the  completion  of  the 
canal— at  any  rate,  before  the  traffic  becomes  very  heavy— there 
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would  be  at  the  Isthmus,  as  there  is  everywhere  in  the  United  States 
in  narrow  channels,  a  strong  demand  for  the  widening.  That  is 
the  universal  experience  in  every  waterway,  I  think,  in  the  United 
States.  That  feature  of  it  is  given  somewhat  in  detail  in  one  of  the 
appendixes,  where  the  successive  stages  of  increasing  the  width  and 
channels  of  the  Great  Lakes  is  dealt  with. 

The  next  reason  was  that  we  believed  that  the  ships  would  pass 
through  the  lock  canal  with  less  danger  to  themselves  and  less  danger 
of  interrupting  traffic.  While  recognizing  that  the  locks  themselves 
j  were  a  feature  that  we  would  gladly  dispense  with  if  other  things 
i  were  equal,  the  advantages  of  the  broad  navigation  seemed  to  greatly 
outweigh  the  disadvantages  attending  the  use  of  locks.  The  broader 
channels  could  not  be  interrupted  by  the  sinking  of  a  single  boat,  be- 
cause there  was  so  much  room  there,  and  there  would  be  less  danger 
of  a  ship  colliding  with  the  sides. 

The  sea-level  canal  has  quite  a  length  between  Bohio  and  Obispo 
of  narrow  channel  with  rock  not  reaching  to  the  top  of  the  water, 
but  still  submerged ;  and  I  regard  that,  as  the  minority  regarded  it, 
as  the  most  dangerous  kind  or  a  channel  for  a  ship  to  traverse.  If 
the  vertical  walls  could  be  extended  to  the  water  line,  it  would  be 
quite  a  different  matter.    • 

Senator  Hopkins.  Just  explain  that  fully,  so  that  a  layman  may 
understand  it  without  much  reasoning  on  his  own  part. 

Mr.  Noble.  A  large  vessel  does  not  have  a  great  deal  of  leeway  on 
either  side  in  a  channel  200  feet  wide.  It  will  try  to  follow  the  cen- 
ter line  very  closely,  but  if  by  any  want  of  judgment  in  steering  or 
by  the  effect  of  a  cross-wind  or  anything  like  that  it  does  come  in 
contact  with  the  sides,  in  such  a  case  as  that  the  sharp  rock  strikes 
the  boat  in  its  weakest  point — ^under  water — which  would  almost  in- 
evitably cut  a  hole  in  the  hull.  At  Suez  they  have  a  rock  section, 
and  they  do  not  allow  any  meetings  of  any  kind  in  that  section. 
They  regard  it  as  their  least  safe  section. 

In  the  old  days  at  Sault  Ste.  Marie,  in  the  canal  constructed  by 
the  State,  the  cutting  was  partly  in  rock,  and  near  the  head  of  the 
canal  whoUj;  in  rock,  and  that  was  a  fruitful  source  of  injuries  to 
ships;  the  bilge  of  the  ship  running  upon  those  slopes  and  the  hull 
getting  into  contact  with  those  sharp  points  caused  a  great  many 
accidents.  The  accidents  in  the  canal  were  in  the  waterway  and  not 
at  the  locks  in  those  days.  When  the  improvements  of  the  canal 
were  taken  in  hand  by  the  General  Government  the  first  improve- 
ment that  the  vessel  interests  demanded  was  to  take  out  those  slopes 
and  put  in  vertical  sides,  and  that  was  done.  That  work  was  com- 
pleted in  about  1874.  Since  that  time  there  has  been  no  trouble  of 
that  sort  there. 

Senator  Boitkedge.  Under  whose  supervision  w^s  that  work  done? 

Mc.  Noble.  I  was  the  local  engineer.  Senator. 

Senator  Kittredge.  I  mean,  was  it  done  under  the  supervision  of 
the  State  or  the  nation  ? 

Mr.  NoBUs.  The  nation. 

Senator  Kpitredge.  In  what  year? 

Mr.  NoBUS.  In  1874.  The  removal  of  these  slopes,  the  improve- 
ment of  the  work  was  begun  by  the  United  States  in  1870;  there  was 
some  deepening  of  the  canal,  but  in  the  work  done  by  the  United. 
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States  agents  the  thing  that  they  gave  preference  to  was  the  taking 
out  of  the  slopes. 

Senator  Kittredge.  The  United  States  Government  did  not  take 
over  that  work  until  1882,  did  it  ? 

Mr.  Noble.  Not  for  operation.  I  think  it  was  in  the  spring  of 
1881.  I  took  over  the  operating  when  it  was  first  turned  over  to  the 
General  Government.     I  am  not  quite  certain  as  to  the  year. 

Senator  Kittredge.  The  Government  did  work  prior  to  that  time? 

Mr.  Noble.  Oh,  yes,  sir;  the  canal  was  operated  by  the  State  and 
tolls  were  collected  by  the  State  during  that  whole  time,  and  the  ex- 
pense of  the  improvement  was  paid  by  the  General  Government. 

Senator  Dryden.  If  these  walls  were  vertical  instead  of  slanting, 
w  ould  not  that  danger  be  obviated  largely  ? 

Mr.  Noble.  If  they  could  be  extended  up  to  the  water's  surface,  so 
that  there  would  be  no  sharp  corners  for  the  hull  of  the  boat  to  strike. 
In  the  Culebra  cut  the  committee  may  remember  that  the  Isthmian 
Canal  Commission  provided  for  a  revetment  wall  the  whole  length 
in  their  estimates  with  that  thought  in  view,  that  there  must  be  a 
smooth  side  in  the  narrow  channel  for  the  safety  of  the  ship. 

Senator  Dryden.  Is  it  iinpracticable  to  make  these  walls  vertical? 

Mr.  Noble.  In  the  material  there? 

Senator  Dryden.  Yes. 

Mr.  Noble.  It  seems  to  be  the  opinion  now  that  that  is  not  neces- 
sary everywhere  anyway,  but  that  it  would  be  impossible  to  determine 
how  much  revetment  will  be  required  to  secure  a  smooth  vertical  side 
except  as  the  work  goes  on. 

Senator  Hopkins.  That  would  be  obviated  in  a  lock-level  canal? 

Mr.  Noble.  In  a  lock-level  canal  there  would  be  a  narrow  section 
of  only  about  4  miles  instead  of  19,  and  they  intend  there  to  have  ver- 
tical walls  by  revetment,  if  necessary,  extending  above  the  water  sur- 
face. 

Senator  Hopkins.  If  we  could  have  a  sea-level  canal,  and  follow 
the  same  caution  that  has  been  observed  in  the  Suez  Canal  for  a  dis- 
tance of  19  miles,  that  would  not  allow  vessels  to  pass  each  other? 

Mr.  Noble.  No,  sir;  I  do  not  think  that  protection  could  be  really 
carried  out 

Senator  Hopkins.  Go  on  with  your  analysis  of  the  two  schemes  or 
types  of  canal. 

Mr.  Noble.  The  third  point  is  the  quicker  passage  across  the  Isth- 
mus for  large  ships  or  large  traffic.  I  went  into  that  pretty  fully 
this  morning. 

Senator  Hopkins.  Then  pass  on  to  the  next. 

Mr.  Noble.  The  fourth  point  was  the  materially  less  time  required 
for  construction.  We  believe  that  the  period  of  nine  years  for  a  lock- 
level  canal  is  far  more  conservative  than  the  period  of  fifteen  years 
for  a  sea-level  canal,  so  that  I  think  there  is  at  least  six  years  aavan- 
tage  in  point  of  time  for  the  lock-canal  construction. 

The  fifth  point  was  the  materially  less  cost,  which  goes,  I  think, 
without  mucn  discussion.  It  amounts  to  somewhere  in  the  neigh- 
borhood of  $100,000,000. 

Senator  Dryden.  On  the  question  of  cost,  Mr.  Noble,  it  has  been 
testified  by  one  of  the  witnesses — Mr.  Burr,  I  think — ^that  the  sub- 
merging of  this  vast  extent  of  land  would  involve  the  Government  in 
an  enormous  expense,  running  up  to  something  over  $18,000,000  he 
calculated,  putting  the  price  of  the  land  at  what  he  thought  was  a 
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conservative  estimate  in  comparison  with  prices  at  which  some  lands 
are  already  held.    Have  you. given  thought  to  that  phase  of  it? 

Mr.  Noble.  It  has  been  rather  difficult  for  me  to  conceive  of  the 
United  States  being  held  up  by  anybody  on  the  Isthmus  to  the  ex- 
tent of  $18,000,000.  The  land  is  not  worth  it  It  is  worthless,  or 
practically  worthless.  There  is  a  little  banana  land,  I  believe,  that 
has  value.  General  Davis,  I  think,  will  confirm  me  that  it  is  worth 
about  $50  an  acre;  that  it  costs  pretty  near  that  to  develop  it,  and 
when  it  is  ready  it  is,  of  course,  worth  that;  but  that  is  very  small  in 
amount,  and  the  rest  of  the  land  that  you  would  have  to  acquire  is 
practically  wild  land,  most  of  it  swamp. 

Senator  Hopkins.  And  worthless  for  all  practical  purposes? 

Mr.  Noble.  Yes,  sir;  unoccupied. 

Senator  Hopkins.  Then  you  do  not  agree  with  the  statement  of  the 
witness  that  it  would  require  any  such  sum  of  money  to  acquire  the 
land  necessary  to  have  a  lock-level  canal ! 

Mr.  Noble.  No,  no ;  I  do  not  think  so. 

The  capacity  of  the  locks  for  passing  ships  has  been  discussed  here 
a  good  deal. 

Senator  Hopkins.  Yes. 

Mr.  Noble.  The  minority  give  the  facts  as  ascertained  at  the  Soo. 
Do  you  want  that? 

Senator  Hopkins,  I  should  be  very  glad  to  have  you  develop  that. 

Senator  Kittredge.  I  did  not  understand  where  you  said 'the  ex- 
perience was  taken  from. 

Mr.  Noble,  At  the  St.  Marvs  Falls  Canal.  The  ships  passing 
through  the  St.  Marys  Falls  Cfanal  are  of  far  greater  average  size 
than  those  passing  through  any  other  ship  canal  in  the  world,  I 
think.    The  report  of  the  minority  shows  that. 

If  I  remember  the  figures  correctly,  they  are  about  15  or  16  times 
as  large  as  the  ships  going  through  the  Kiel  Canal,  and  something 
like  five  or  six  times  as  large  as  those  going  through  the  Manchester 
Canal ;  so  that,  although  there  is  no  salt  water  in  it,  it  is  really  a  ship 
canal,  and  the  experience  gained  there  is  strictly  pertinent  to  the 
Panama  Canal.  There  are  vessels  up  there  reaching  a  very  consider- 
able size.  There  are  a  good  many  m  use  now,  quite  a  number  that 
are  more  than  500  feet  long  and  upward  of  50  feet  beam.  And  there 
are  some  being  built  this  winter  600  feet  long  by  60  feet  or  a  little 
more  beam. 

Senator  Hopkins.  That  is  longer  than  any  vessel  that  goes  through 
the  Suez  Canal,  is  it  not  ? 

Mr.  Noble.  I  think  it  is.     I  am  not  perfectly  certain. 

Senator  Hopkins.  I  think  you  said  650  feet,  General  ? 

General  Davis.  I  have  not  those  figures  with  me  to-day,  but  the 
longest  of  those  ships  that  I  gave  you  a  memorandum  respecting  the 
other  day  I  think  was  about  500  feet — the  battle  ships. 

Mr.  !NoBLE.  The  traffic  passed  through  the  Poe  lock  for  some 
months  last  year  at  the  Sault  Ste.  Marie,  a  single  lock  800  feet  by  100 
feet,  was  at  the  rate  of  40,000,000  tons  a  year.  That  is  through  one 
lock.  At  Panama  you  have  two  locks,  and  instead  of  eight  months' 
navigation  you  have  twelve  months,  although  you  can  reduce  that  a 
little  bit  for  short  periods  for  repairs,  if  you  will.  The  estimate  that 
we  give  of  80,000,000  tons  seems  to  be  absolutely  justified  by  the  facts. 
ENo  I  c — 06 32 
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We  found  that  the  amount  of  traffic  that  a  lock  will  pass  depends  very 
largely  upon  the  size  of  the  lock. 

The  Wetzel  lock,  for  example,  the  one  second  in  size  at  the  Sault 
Ste.  Marie,  passed  in  1895,  when  it  was  hard  pushed — ^it  was  the  only 
lock  during  the  greater  part  of  the  year  that  was  available  for  ves- 
sels— about  15,500,000  registered  tons;  and  the  Poe  lock  in  1905,  a 
larger  lock,  without  being  pushed  at  all,  passed  24,000,000  registered 
tons.  So  that  its  capacity  is  certainly  60  per  cent  more  than  the 
AVetzel  lock,  and  probably  very  nearly  double.  Now,  the  locks  at 
Panama,  900  feet  by  95  feet,  are  larger  in  area,  and  the  draft  of  sbips 
passing  through  will  certainly  exceed  the  maximum  of  19  feet  and 
bome  inches  through  the  Soo;  and  that  will  all  tend  to  increase  the 
traffic  capacity  of  the  locks.  I  can  not  doubt  for  a  moment  that  the 
estimate  of  80,000,000  tons  per  year  for  a  duplicate  system  of  locks  is 
moderate. 

Senator  Kittredge.  What  was  the  tonnage  passing  the  Soo  last 
year?     We  have  discussed  that  question. 

Mr.  Noble.  I  do  not  think  I  have  it  here,  but  it  is  approximately 
36,000,000  registered  tons  and,  I  think,  about  45,000,000  tons  ot 
freight. 

Senator  Kittredge.  Last  year? 

Mr.  Noble.  Yes.  That  is  subject  to  correction,  Senator.  That  is 
my  best  recollection.     I  have  not  the  exact  figures  with  me. 

Senator  Kittredge.  It  varied,  as  I  recollect,  from  36,000,000  to 
40,000,000  tons. 

Mr.  Noble.  I  think  it  is  about  45,000,000  tons  freight. 

Senator  Hopkins.  What  is  the  time  required  to  pass  the  lock  here 
at  the  Soo? 

Mr.  Noble.  The  time  given  in  the  records  at  the  Soo  includes  the 
time  to  pass  through  the  canal  itself.  The  extreme  length  is  about 
If  miles.  The  average  for  last  year  was  one  hour  and  thirty-nine 
minutes.  That  time  is  made  up  of  several  elements;  one  of  them, 
of  course,  is  the  time  for  lockage,  and  the  lockages  at  the  Soo  were 
mostly  fleet  lockages,  so  that  the  first  boat,  after  entering  the  lock, 
has  to  wait  imtil  the  second  one  can  be  placed,  which  tends  to  increase 
the  time  for  the  first  vessel  at  least.  Then,  all  the  time  necessary  to 
navigate  the  canal  also  is  included.  In  the  month  of  December  the 
entire  period  was  fifty-five  minutes.  In  the  month  of  April  it  was 
two  hours  and  fifty-nine  minutes.  WTiy  those  differences  occur  I  can 
not  say. 

Senator  Hopkins.  Take  a  fleet  of  six  ships  here  at  the  Gatun  locks, 
and  how  long,  in  your  opinion,  would  it  take  those  six  ships,  say, 
500  feet  in  length,  to  pass  through  the  locks,  supposing  that  they 
came  up  about  the  same  time  ana  were  anxious  to  get  through  the 
locks? 

Mr.  Noble.  If  I  remember  rightly,  we  figured  the  interval  between 
ships  as  something  like  fifty  minutes.  That  was  up  here  the  other 
day.  Then,  we  made  an  allowance  for  delays  of  all  kinds,  such  as 
hased  upon  the  Soo  Canal  experience,  of  approximately  50  per  cent. 
That  would  give  about  seventy-five  minutes. 

Senator  Dryden.  This  morning,  in  answer  to  a  question,  Mr.  Noble, 
I  understood  you  to  say  that  as  to  the  speed  of  getting  through  the 
lock  canal,  the  capacity  of  the  canal  was  the  capacity  of  the  locks. 
That  would  be  true  only  in  a  restricted  sense,  would  it  not?     That  is 
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to  say,  just  as  soon  as  a  boat  was  through  the  locks,  then  it  would 
speed  away  at  a  rapid  rate  of  speed  and  overcome  any  loss  of  time 
after  it  got  through  the  locks?  The  delay,  in  other  words,  would 
only  be  regulated  by  the  time  it  took  the  boat  to  get  through  the 
locks,  would  it  not  ? 

Mr.  Noble.  I  did  not  understand  the  question  to  cover  that.  What 
I  understood  you  to  mean  was  the  maximum  number  of  ships  that 
could  pass  through  the  lock  canal  in  a  given  period,  say  a  week  or 
a  month  or  whatever  it  might  be.  That  would  be  limited  by  the 
number  of  boats  that  could  be  gotten  through  the  locks,  because  as 
soon  as  they  would  pass  through  the  locks  they  would  go  through  the 
intervening  waters  very  quickly.  In  fact,  the  capacity  would  be 
reflated  practically  by  the  first  lock  they  came  to.  That  would  cer- 
tamh'  be  the  case  if  there  were  duplicate  or  triplicate  locks,  because 
the  first  lock  encountered  would  space  the  boats,  and  they  would  go 
right  along  and  find  the  next  lock  awaiting  them  without  any  appre- 
ciable furmer  delay. 

Senator  Dryden.  But  in  comparing  the  relative  time  in  which  the 
boat  could  get  through  a  lock  canal  with  that  in  which  it  could  get 
through  a  sea-level  canal,  the  speed  attained  in  the  lock  canal  would 
not  be  regulated  by  the  locks  any  further  than  the  time  it  took  to  go 
through  the  locks  ? 

Mr.  Noble.  No  ;  not  at  all. 

Senator  Dryden.  No.  I  wanted  that  made  right  on  the  record,  as  T 
thought  possibly  it  might  be  misunderstood  by  anyone  reading  the- 
record. 

Senator  Kittredge.  I  suppose,  in  speaking  of  the  capacity  of  the 
canal  being  limited  by  the  capacity  or  the  locks,  you  meant  the  ton- 
nage? 

Mr.  Noble.  The  tonnage  capacity  in  a  given  time;  yes. 

Senator  Kittredge.  I  assumed  that  that  was  it. 

Mr.  Noble.  That  was  the  thought  I  had  in  mind. 

Senator  Kittredge.  In  other  words,  you  can  not  pass  through  the 
canal  "any  more  tonnage  than  you  can  get  through  the  locks? 

Mr.  Noble.  Precisely ;  because  you  can  not  get  to  the  higher  levels 
of  the  canal. 

Senator  Kittredge.  That  is  the  proposition,  of  course. 

Senator  Dryden.  When  j^ou  designed  these  locks  and  provided  for 
a  usable  space  of  900  feet,  you  assumed  that  there  was  to  be  but  one 
set  of  gates  at  each  end  of  the  locks,  I  suppose.  That  was  your  as- 
sumption— that  there  would  be  but  one  set  of  gates? 

Mr.  Noble.  Yes. 

Senator  Dryden.  It  seems  that  the  reduction  in  the  usable  lengths 
of  those  locks  has  been  brought  about  by  the  provision  for  a  second 
set  of  fixates  at  each  end.  You  so  imderstand  that,  do  you,  Mr. 
Noble?  ^  ^ 

Mr.  Noble.  No  ;  I  thought  that  the  point  raised  this  morning  was 
due  to  a  draftsman's  mistake. 

Senator  Dryden.  No;  it  was  testified  yesterday  by  Mr.  Parsons 
that  the  reduction  in  the  usable  length  of  the  locks  was  brought  about 
in  that  way — ^by  a  subsequent  conclusion  of  the  minority  that  it  was 
a  matter  of  safety  and  was  a  protection  which  they  thought  necessary 
to  put  up,  to  establish  another  set  of  gates  at  each  end  of  the  lock,  so, 
as  I  understand  it  as  a  layman^  that  if  there  should  be  an  accident, 
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a  boat  coming  up  against  the  gates  and  smashing  one  set  of  gates 
would  still  have  another  set  of  gates  to  protect  it. 

Mr.  Noble.  I  think  I  see  your  point  now,  Senator.  With  a  ship 
900  feet  long  coming  down  stream  in  the  sunmiit  level,  the  lock  gates 
and  safetv  gates  at  the  lower  end  of  theupper  lock  being  closed  in 
front  of  it,  its  stern  would  not  clear  the  upper- lock  gates;  but  the 
safety  gates  just  .beyond  them  would  be  closed.  The  safety  gates  at 
the  lower  end  of  the  lock  would  be  opened,  the  summit  level  after 
this  operation  being  still  protected  by  two  pairs  of  gates,  viz,  the 
safety  gates  at  thehead  of  the  upper  lock  and  the  lock  gates  at  the  foot 
of  the  same.  The  ships  would  then  be  moved  toward  the  lower-lock 
gate  until  the  available  distance  was  t«ken  up,  and  then  the  lock 
gates  at  the  upper  end  of  the  lock  would  be  closed.  The  operation 
of  locking  down  through  the  flight  of  locks  would  then  be  continued 
in  the  ordinary  way.  In  the  operation  just  outlined,  the  summit  level 
would  always  be  protected  by  at  least  two  pairs  of  gates  and  the  lock 
would  have  a  usable  length  of  900  feet  under  all  circumstances. 

Senator  Dryden.  Have  you  given  any  thought  to  the  question  of 
how  we  would  protect  or  defend  this  canal  in  time  of  war? 

Mr.  Noble.  No,  sir;  I  have  not  looked  at  the  military  situation  at 
all. 

Senator  Dryden.  But  the  question  has  arisen  as  to  whether  these 
locks  could  not  be  attacked  with  great  ease,  even  under  the  most 
thorough  guarding  on  the  part  of  the  Government. 

Mr.  Parsons  stated  that  a  single  man  could  carry  enough  dynamite 
to  those  locks  or  into  those  locks,  and  might  do  it  on  a  merchantman, 
for  instance,  and  carry  this  dynamite  in  sufficient  quantities  to  blow 
the  locks  all  topieces  and  destroy  them. 

Mr.  Noble.  The  amount  of  that  danger,  I  think  is  indicated  by  the 
fact  that  in  the  history  of  canal  navigation  that  thing  has  never  been 
done.  It  is  a  conceivable  possibility,  but  we  have  to  consider  the 
probabilities  in  a  matter  of  that  sort. 

Senator  Dryden.  Of  course  the  point  came  up  in  connection  with 
whether  the  lock  system  could  be  much  more  easily  destroyed  than 
the  sea-level  system. 

Mr.  Noble.  Yes.  The  minority  thought  that  the  difference  in  risk 
of  the  stoppage  of  navigation  as  between  the  two  systems  was  not 
very  much.  A  single  vessel  would  block  the  sea-level  canal  to  a  cer- 
tainty, and  it  probably  would  not  block  the  channel  of  the  lock  canal, 
while  the  locks  themselves  are  the  points  which  certainly  would  be 
most  carefully  and  could  be  most  easily  guarded.  It  would  be  almost 
impossible  to  guard  every  foot  of  the  sea-level  canal  across  the  Isth- 
mus. There  are  a  good  many  points  where  it  touches  on  the  jungle: 
but  the  locks  are  the  places  where  defense  would  be  readily  provided 
and  would  be  most  thoroughly  done. 

Senator  Dryden.  The  statement  made  by  Mr.  Parsons  yesterday 
was  to  me  startling  as  to  the  possibility  of  these  locks  being  destroyed. 
You  have  already  touched  upon  that,  and  I  do  not  know  that  you 
want  to  say  anything  more;  out  he  made  the  statement  that,  in  "his 
judgment,  as  I  remember  it,  there  was  not  any  question  about  the 
danger  or  liability  of  these  locks  being  utterly  destroyed,  broken 
down,  crushed,  so  that  it  would  take  from  three  to  five  years  to  restore 
them. 


INVESTIGATION   OF  PANAMA   CANAL   MATTEKS.  489 

Mr,  Noble.  It  seenis  inconceivable  that  the  locks  would  be  de- 
stroyed. A  gate  might  be  disabled  without  using  a  very  large 
quantity  of  dynamite;  but  to  destroy  the  lock  you  would  have  to 
have  something  like  a  steamboat  loaded  with  it.  That  is  all  con- 
ceivable, but  practically  I  do  not  think  it  amounts  to  anything. 

Senator  Dryden.  You  refer  to  the  gates? 

Mr.  Noble.  Yes, 

Senator  Dryden.  Which  are,  of  course,  a  part  of  the  locks? 

Mr.  Noble.  Yes. 

Senator  Dryden.  This  statement  of  Mr.  Parsons  applies  to  de- 
struction caused  by  large  steamers  meeting  with  an  accident  there, 
85  well  as  by  dynamite. 

Mr,  Noble.  Oh,  yes.    Well,  do  you  mean  doing  it  maliciously  ? 

Senator  Dryden,  Oh,  no;  not  m  the  case  of  the  steamers;  that 
being  a  pure  accident, 

Mr.  Noble.  Oh,  yes. 

Senator  Dryden,  The  question  was  asked,  I  think  by  myself,  as  to 
what  would  be  likely  to  become  of  the  boat  that  should  meet  with 
such  an  accident  there,  and  in  general  his  reply  was  that  probably 
the  fragments  would  be  found  out  in  the  Caribbean  Sea, 

Mr.  Noble.  Well,  in  the  Manchester  Canal  I  believe  the  boats 
stopped  in  the  lock;  but  these  lifts  are  higher,  and  I  should  think  it 

3uite  possible  that  they  would  go  right  along.  I  think  that  the 
anger  is  small.  It  has  not  occurred  for  fifty  years  at  the  Soo,  al- 
though a  boat  ran  into  the  lower  gate  of  the  Poe  lock — I  think  that 
occurred  twice — without  stopping  the  navigation  very  much.  At 
the  Poe  lock  they  have  two  pairs  of  gates  at  the  lower  end  of  the  lock; 
and  on  one  of  those  occasions  they  simply  used  the  next  pair  for  the 
remainder  of  the  season.    They  did  not  stop  to  repair  the  first  pair. 

Senator  Dryden.  Have  you  found  that  the  mechanism  in  use  in 
these  locks  is  so  simple  and  so  strong  that  it  does  not  get  out  of  order, 
so  that  it  is  safe  from  the  objection  of  liability  of  getting  out  of 
order? 

Mr.  Noble.  As  to  the  machinery  for  the  Wetzel  lock  I  do  not  think 
that  was  ever  out  of  order  for  a  quarter  of  a  day  a  year  during  the 
reason  of  navigation.  There  are  little  things  that  occur  in  the  opera- 
tion of  a  lock — a  rope  fender  may  get  between  the  gate  and  the  sill 
and  we  would  have  to  stop  and  open  the  gate  and  fish  it  out;  or  a  piece 
of  driftwood  may  get  in  there.  Those  things  occur  sometimes,  but 
they  do  not  count  much  in  the  aggregate. 

At  Liverpool  thev  have  machinery  somewhat  like  that  we  have  at 
the  Soo  or  at  the  Wetzell  lock.  Perhaps  I  should  reverse  that  state- 
ment and  say  that  ours  is  similar  to  theirs;  and  they  work  very 
safely,  without  trouble. 

In  the  Poe  lock  at  the  Soo,  the  last  one  built,  the  machinery  gave 
considerable  trouble  for  two  years,  until  it  was  overhauled  and  rebuilt. 
That  runs  along  very  smoothly  now.  That  was  on  quite  a  different 
plan  from  the  other ."^  So  that  the  best  type  of  machinery  in  use  for 
operating  lock  gates  does  not  give  trouble.  It  is  very  simple  and 
reliable. 

Senator  Hopkins.  After  a  vessel  gets  in  the  lock,  there  is  not  very 
much  danger  of  that  vessel  running  up  against  the  gate  and  knocking 
the  gate  out,  is  there? 
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Mr.  Noble.  We  have  had  fifty  years  of  immunity  from  that  at  the 
Soo,  Senator. 

Senator  Hopkins.  In  the  construction  of  the  Gatun  lock,  the 
system  of  construction,  in  your  judgment,  would  be  as  safe  as  the  one 
at  the  Soo? 

Mr.  Noble.  It  is  safer,  because  we  have  these  additional  safety 
gates  at  both  ends  of  the  summit  lock.  That  is  the  only  place  where 
any  serious  trouble  could  occur,  and  provisions  are  made  in  this 
plan  here  unprecedented  in  point  of  avoiding  danger. 

Senator  Hopkins.  I  think  that  is  all. 

Senator  Taliaferro.  Were  these  safety  gates  you  speak  of  pro- 
vided for  in  the  original  plan  of  the  minority,  Mr.  Noble? 

Mr.  Noble.  Yes,  sir. 

Senator  Taliaferro.  Is  the  plan  as  proposed  by  the  minority  one 
that  could  be  recommended  by  this  committee  without  modification 
or  change? 

Mr.  Noble.  Unquestionably,  I  think. 

Senator  Taliaferro.  There  is  no  change  necessary  at  the  locks 
on  the  Atlantic  side  ? 

Mr.  Noble.  I  think  not  I  think  you  must  leave  a  little  leeway  to 
the  constructing  engineers  to  make  such  minor  changes  as  may  be 
necessary  as  the  work  goes  on — the  revetment  of  the  Culebra  cut, 
and  all  that — and  possibly  this  alternative  between  two  locks  and 
three  at  Gatun,  although  1  have  not  the  slightest  doubt  that  they  can 
get  a  satisfactory  site  for  three  locks  at  Gatun. 

I  am  far  from  apprehending  that  we  have  not  got  a  suitable  place 
now,  only  they  may  have  to  move  the  locks  a  little  farther  aown 
stream ;  but,  as  I  suggested  before,  that  is  not  proven  by  the  borings. 
A  little  supervision  of  changes  in  location  ought  to  be  left  to  the 
judgment  of  the  constructing  people. 

Senator  Taliaferro.  So  that  you  consider  that  this  flight  of  three 
locks  could  be  put  in  now  as  proposed  by  the  minority? 

Mr.  Noble.  1  believe  so,  if  you  will  only  leave  a  little  leeway  as  to 
the  location,  Senator. 

Senator  Taliaferro.  Mr.  Noble,  if  it  had  transpired  that  the  sea- 
level  canal  could  have  been  built  for  the  amount  oi  money  and  within 
the  time  that  the  lock  canal  could  be  built,  would  you  have  joined  in 
the  minority  report  for  a  lock  canal  ? 

Mr.  Noble.  I  do  not  know.  I  should  want  to  think  that  over 
pretty  carefully.  A  broad  sea-level  canal,  say,  500  feet  wide — ^I  say 
500  feet  wide  for  illustration — of  course  would  be  preferable,  in  my 
opinion,  to  any  lock  canal ;  but  it  would  be  so  enormously  costly  that 
I  doubt  if  the  committee  would  consider  it  seriously.  If  you  could 
build  a  sea-level  canal  for  the  same  money,  the  greater  facility  it 
offers  for  indefinite  widening  and  for  ultimately  becoming  what  our 
friend,  Bunau-Varilla,  calls  the  Straits  of  Panama,  would  be  quite  a 
strong  feature  in  its  favor. 

Senator  Taliaferro.  Could  this  sea-level  canal,  as  proposed  by  the 
Board  of  Consulting  Engineers,  be  widened  as  necessary  without  verj' 
serious  cost? 

Mr.  Noble.  The  sea-level  canal? 

Senator  Taliaferro.  Yes. 

Mr.  Noble.  It  would  cost  a  good  deal  of  money  to  widen  that.    The 
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report  of  the  minority  contains  a  figure,  which  I  do  not  recall  now, 
giving  that. 

Senator  Taliaferro.  Could  it  not  be  widened  without  very  serious 
cost  at  all  points  except  through  this  rock  cutting  in  the  Culebra  cut? 

Mr.  Noble.  It  would  be  a  matter  of  relatively  inexpensive  dredg- 
ing until  you  got  to  the  rock  sections.  The  rock  sections  extend  a 
pretty  large  part  of  the  way  from  Bohio  to  the  Pacific.  It  is  a  long 
distance. 

Senator  Taliaferro.  Eliminating,  then,  the  difference  in  cost  and 
the  time  of  construction,  you  are  not  prepared  to  state  whether  you 
would  prefer  the  lock  canal  or  the  sea-level  canal  as  proposed  by  the 
Board?  •  . 

Mr.  Noble.  I  would  not  be  prepared  to  give  a  definite  opinion  on 
that  without  careful  study.  The  premises  themselves  are  incon- 
ceivable, I  think,  if  I  may  be  permitted  to  say  so,  and  the  matter  ha? 
never  presented  itself  to  my  mind  before. 

Senator  Taliaferro.  I  ask  the  question,  Mr.  Noble,  because  I 
wanted  to  ascertain  how  much  stress  you  put  upon  the  difference  in 
cost  and  the  difference  in  time  in  selecting  and  reporting  in  favor  of 
this  high-level  canal  rather  than  in  favor  of  the  sea-levelcanal. 

Mr.  Noble.  I  should  not  consider  the  sea-level  canal,  as  it  is  now 

Eroposed  to  be  built,  to  be  as  good  as  the  lock  canal  as  now  proposed  to 
B  built,  but  the  possibilities  of  future  enlargement — ^and,  on  the 
premises  you  were  proposing,  it  would  then  become,  of  course,  eco- 
nomical enlargement — ^would  be  a  very  attractive  feature  of  that 
project. 

Senator  Taliaferro.  Have  you  ever  considered  the  possibilities  of 
converting  this  lock  canal  into  a  sea-level  canal  later  on  ? 

Mr.  Noble.  Oh,  yes,  sir. 

Senator  Taliaferro.  Do  you  agree  in  the  estimate  of  cost  of  $280,- 
000,000  to  do  that  work? 

Mr.  Noble.  I  agree  in  that  if  the  work  of  transformation  is  to  be 
done  in  the  near  future.  I  should  rather  expect,  if  it  should  be 
deferred  for  a  long  time,  that  processes  would  be  developed  that 
would  result  in  more  economical  transformation.  But  as  the  matter 
was  presented  to  us,  obviously  for  immediate  transformation,  I  think 
that  the  Board  were  unanimous  on  the  subject,  with  possibly  one 
exception,  that  the  estimate  would  be  correct — that  the  prices  used 
were  about  as  low  as  it  was  safe  to  present. 

Senator  Taliaferro.  You  agreed  with  the  Board  in  the  estimate  of 
cost  of  the  sea-level  canal  ? 

Mr.  Noble.  Oh,  substantially ;  yes. 

Senator  Taliaferro.  The  material  difference  between  you  was  as 
to  the  time  necessary  to  construct  the  sea-level  canal  ? 

Mr.  Noble.  Yes. 

Scoiator  Taliaferro.  Do  you  regard,  other  things  being  equal, 
the  sea-level  canal  as  the  ideal  canal  f 

Mr.  Noble.  If  you  make  it  as  broad  as  the  lock  canal,  certainly ;  if 
you  make  it  as  broad  and  do  it  as  cheaply. 

Senator  Taliaferro.  You  consider  the  principle  of  the  sea-level 
canal  the  ideal  principle  for  canal  building?  • 

Mr.  Noble.  Oh,  certainlj.  I  think  that  locks  themselves  are  rJ>- 
jectionable,  other  things  being  equal. 
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Senator  Taliafereo.  I  have  no  further  questions. 

Senator  Hopkins.  I  understand  you  to  say,  Mr.  Noble,  that  taking 
the  sea-level  canal  as  proposed  by  the  majority  and  the  lock-level 
canal  as  proposed  by  tne  engineers  with  whom  you  ioined,  that  the 
lock-level  canal  as  proposed  would  be  the  better  canal  ? 

Mr.  Noble.  It  would  be  the  better  canal  if  both  were  built  exactly 
according  to  the  designs  presented  to  the  conmiittee. 

Senator  Taliaferro.  Mr.  Chairman,  I  did  not  understand  the  wit- 
ness to  make  as  broad  a  statement  as  that. 

Senator  Hopkins.  He  is  making  the  statement  now. 

Senator  Taliaffjiro.  I  wish  to  call  to  the  witness's  attention  what 
his  statement  was  a  moment  ago — that  the  questions  of  cost  and  of 
time  entered  into  the  consideration. 

Senator  Hopkins.  Yes;  you  brought  that  out;  but  in  answering  I 
understood  the  witness  to  say — and  if  I  did  not  understand  him  cor- 
i-ectly  he  can  correct  me — that  taking  the  sea-level  canal  as  proposed 
by  one  set  of  engineers  and  the  lock-level  canal  as  proposed  by  the 
other,  he  would  prefer  the  lock-level  canal,  regardless  of  time  or 
money. 

Mr.  Noble.  I  think  the  lock-level  canal  as  presented  to  this  com- 
mittee is  a  better  canal  than  the  sea-level  canal  as  presented  to  this 
committee. 

Senator  Hopkins.  Yes;  that  was  the  point  that  I  was  getting  at. 

Senator  Taliaferro.  Mr.  Noble,  that  is  in  consideration,  I  under- 
stand, of  the  reasons  which  you  have  given  in  that  minority  report? 

Mr.  Noble.  Yes. 

Senator  Taliaferro.  Eliminating  any  of  those  reasons  that  you 
have  assigned  for  your  preference  for  the  lock-level  canal,  would  it 
change  your  conclusion  ? 

Mr.  Noble.  What,  for  example,  may  I  ask? 

Senator  Taliaferro.  The  time  and  cost. 

Mr.  Noble.  Certainly ;  I  think  that  the  lock-level  canal  as  planned 
is  a  better  canal  than  the  sea-level  canal  as  planned — ^better  for  the 
use  of  commerce,  without  regard  to  cost. 

Senator  Taliaferro.  If  they  cost  the  same? 

Mr.  Noble.  If  they  cost  the  same.  I  think  that  if  we  had  two 
canals  on  that  route,  if  it  were  possible,  one  built  as  proposed  by  the 
lock-level  people  and  the  other  built  as  proposed  by  the  sea-level 
people,  the  Iock  canal  when  finished  would  oe  the  better  one. 

The  Chairman.  Senator  Morgan  has  sent  me  word  that  he  has  no 
questions  to  ask,  and  that  he  will  not  be  in  the  coinmittee  room  this 
afternoon. 

Senator  Taliaferro.  Is  there  any  further  statement  you  would  like 
to  make  to  the  committee,  Mr.  Noble,  on  your  own  account  ? 

Mr.  Noble.  There  are  one  or  two  points  that  I  might  posdbly 
touch  on  without  encroaching  too  much  on  the  time  of  the  committee. 

Senator  Hopkins.  We  will  be  glad  to  hear  you. 

Mr.  Noble.  One  is  the  matter  of  curvature.  It  was  stated  here,  I 
think,  in  one  of  the  hearings  recently,  that  in  the  lock  canal  the  cur- 
vature was  as  sharp  as  a  radius  of  1,700  feet. 

I  wanted  to  point  out  that  the  line  as  laid  down  by  the  lock  com- 
mittee is  a  succession  of  broad,  straight  reaches,  and  it  is  connected 
by  turns  similar  to  those  which  experience  has  shown  to  be  advisable 
at  Sault  Ste.  Marie,  on  the  St.  Marys  River;  and  the  vessels  there 
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ordinarily  turn  pretty  sharply  in  making  these  changes  of  direction. 
But  there  is  no  change  of  direction  in  the  lock-level  plan* of  the 
Panama  Canal,  where,  if  you  lay  down  a  curved  channel  200  feet 
wide  and  of  8,000  feet  radius,  it  will  not  fall  wholly  within  the  limits 
of  the  channel;  so  that  if  a  vessel  chose  to  go  around  that  curve  at  an 
8.000-feet  radius  it  could  do  so.  But  as  a  matter  of  fact  they  would 
not  do  it. 

I  thought  possibly  that  was  necessary  to  straighten  out  the  idea  as 
to  curvature. 

Now,  I  think  that  the  Mill  Eiver  dam  was  cited  here  a  day  or  two 
ago  as  an  example  of  the  unsafe  construction  of  dams;  an^  I  have 
been  at  some  pains  to  collect  some  data  in  regard  to  that  dam.  I  have 
here  a  few  notes  which  it  will  not  take  long  to  present  to  the  com- 
mittee. 

The  Mill  River  dam  was  built  in  about  1865,  and  it  failed  in  1874. 
It  was  a  dam  40  feet  high,  and  it  had  a  core  w^U,  and  the  core  wall 
was  supposed  to  be  founded  in  hardpan.  It  was  such  a  very  serious 
iiisaster,  and  created  so  much  engineering  interest  besides,  that  a 
committee  was  appointed  by  the  American  Society  of  Civil  Engineers 
to  report  upon  it.  That  committee  was  composed  of  James  B.  Fran- 
cis, by  all  odds  the  most  eminent  hydraulic  engineer  of  his  day,  and 
Messrs.  Theodore  G.  Ellis  and  William  E.  Worthen,  both  of  them 
very  distinguished  engineers. 

They  reported  that  the  dam  as  planned  was  to  have  side  slopes  as 
steep  as  one  in  one  and  a  half;  that  the  core  wall  was  to  be  founded 
by  digging  a  little  trench  2  or  3  feet  deep  in  the  hardpan;  that  the 
fill  was  to  be  made  in  thin  layers  within  5  feet  only  of  the  core  wall, 
and  outside  of  that  material  was  to  be  dumped  in  in  5-foot  layers 
without  being  compacted. 

The  construction  was  as  bad  as  possible.  It  was  built  without  ade- 
quate inspection,  and  there  was  reason  to  believe  that  the  core  wall  in 
places  did  not  extend  even  down  to  the  hardpan;  that  it  was  not 
properly  founded. 

An  observer,  an  eye-witness  of  the  failure,  said  that  the  first  thing 
that  occurred  apparently  was  the  sloughing  off  of  the  material  on  the 
downstream  side  of  the  core  wall. 
Senator  Kittbedge.  Do  vou  mean  of  the  earth? 
Mr.  Noble.  Of  the  earth;  yes;  this  illy  compacted  material;  and 
that  it  was  followed  shortly  after  by  another  slide,  and  that  tliat 
left  the  core  wall — ^that  thin  core  wall  that  was  only  5  feet  thick  at 
the  base — ^to  support  that  entire  head  of  water;  and  it  naturally  fell 
over,  and  the  whole  thing  went  out  in  a  very  few  minutes. 

The  engineers  critici^  the  construction  as  being  entirely  im- 
l^roper,  on  account  of  the  material  not  having  been  put  in  in  layers 
and  made  solid;  the  cross  section  was  never  large  enough  anyway, 
and  the  core  wall  itself  was  utterly  inadequate. 

I  thought  it  was  desirable  to  present  those  facts  to  the  committee 
as  giving  sufficient  reason  why  that  particular  earth  dam  failed. 
There  were  a  number  of  reasons  why  it  should  have  failed. 

I  do  not  think  of  anything  else  that  I  care  to  present  to  the  com- 
mittee. 

Senator  Anbuint.  This  is  a  timber  country,  Mr.  Noble;  and  does 
not  the  water  carry  vast  amounts  of  timber  and  d6bris  down  above 
your  dams  there  ? 
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Mr.  Noble.  I  do  not  know  how  much  timber  those  rivers  cam. 
I  never  have  happened  to  see  them  in  flood.  It  is  a  timbered  coun- 
try, and  I  should  rather  expect  that  they  carry  timber. 

Senator  Ankeny.  It  is  apparent  that  they  do  from  the  deposits 
of  timber  and  other  matters  below  there. 

Mr.  Noble.  Oh,  that  does  not  necessarily  mean  that  there  was  a 
great  amount  carried ;  but  I  should  expect  them  to  carry  it. 

Senator  Ankeny.  Following  it  further,  will  not  that  debris  and 
sediment  that  collects  above  mose  dams  eventually  make  a  deposit 
there  that  will  almost,  in  years,  fill  up  the  dam? 

Mr.  Noble.  The  lake  itself,  you  know,  will  extend  away  up  the 
Chagres,  10  or  12  miles  above  Gamboa. 

Senator  Ankeny.  I  have  Johnstown  in  my  mind;  so  you  know 
what  I  am  thinking  of. 

Mr.  Noble.  Yes.  Now,  the  tributaries  of  the  upper  Chagres, 
where  timber  would  mainly  come  from,  I  should  think,  would  be 
impounded  and  become  slack  current,  and  that  material,  I  think, 
would  eventually  go  ashore.    The  winds  would  carry  it  across. 

Senator  Ankeny.  Yes;  but  is  not  that  a  menace  to  your  dam? 

Mr.  Noble.  I  think  not.  The  wind  there,  fortimately,  is  almost 
invariably  from  the  dam,  toward  the  other  side  of  the  lake.  The 
trade  wind  blows  across  there  and  blows  from  the  dam  into  the 
interior.  I  should  not  expect  any  of  it  to  ever  reach  the  dam,  but  it 
miffht  collect  on  the  opposite  shores. 

Senator  Ankeny.  The  sediment  certainly  will.  That  is  what  the 
dam  is  there  to  stop. 

Mr.  Noble.  I  do  not  think  there  will  be  much  sediment  in  the 
water  there,  Senator.  I  think  the  sediment  >?ill  be  deposited  long 
before  it  reaches  the  canal  line. 

Senator  Ankeny.  Where  the  current  ceases? 

Mr.  Noble.  Where  the  current  ceases. 

Senator  Ankeny.  That  is  all  I  have  to  ask. 

The  Chairman.  Mr.  Noble,  we  thank  you  for  your  presence  here 
and  will  not  need  to  trouble  you  further. 

Mr.  Noble.  I  am  greatly  obliged  for  the  courtesy  of  the  com- 
mittee. 

(The  committee  thereupon  adjourned  until  to-morrow,  Friday, 
March  16,  1906,  at  10.30  o'clock  a.  m.) 
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STATEMENT  OF  FBEDEBIC  P.  8TEABN8,  ESQ. 

The  Chairman.  Mr.  Stearns,  please  state  your  full  name,  age,  resi- 
dence, and  occupation. 

Mr.  Stearns.  Frederic  P.  Stearns,  Boston,  Mass.;  age,  54;  civil 
engineer. 

The  Chairman.  And  the  position  you  are  holding  at  the  present 
time  is  what? 

Mr.  Stearns.  My  regular  position  is  chief  engineer  of  the  metro- 
politan water  and  sewerage  board  of  Massachusetts. 

The  Chairman.  Now,  Mr.  Stearns,  if  you  will  be  kind  enough  to 
give  us  a  little  history  of  yourself,  say  for  the  past  ten  or  fifteen  years, 
stating  the  different  positions  you  have  held  auring  that  time,  it  will 
be  a  favor  to  the  committee. 

Mr.  Stearns.  I  have  been  engaged  in  engineering  work  for  thirtv- 
seven  years.  I  was  connected  with  the  additional  water  supply  of  the 
city  of  Boston  as  a  division  engineer  from  1872  to  1880,  and  there  I  had 
to  "do  with  the  construction  of  waterworks  and  hydraulics,  and  espe- 
cially of  importance,  possibly  to  you,  hydraulic  experiments,  which 
were  the  basis  of  some  publications  on  the  subject  before  the  American 
Society'  of  Civil  Engineers. 

From  1883  to  1886  I  was  engaged  upon  the  Boston  main  drainage 
works,  the  main  sewerage  system  of  the  city  of  Boston,  which  included 
a  large  amount  of  heavy  construction. 

From  1886  until  1895  I  was  engineer  of  the  Massachusetts  board  of 
health.  That  is  practically  a  sanitary  board  in  its  engineering  features, 
and  I  had  occasion  to  look  after  the  water  supplies  of  the  State  of 
Mas-sachusett^,  and  the  experience  there  that  is  of  especial  value  in  con- 
nection with  the  Panama  Canal  was  with  reference  to  water  supplies 
taken  from  the  ground,  and  the  filtration  of  sewage,  the  experience  in 
both  of  those  lines  being  of  value  as  to  the  movement  of  water  through 
the  g^round.  I  had  occasion  to  determine  the  capacity  of  many  ground- 
water supplies.  Also,  in  connection  with  my  experience  there,  I  was 
engaged  upon  devising  a  system  of  metropolitan  sewerage  for  Boston 
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and  the  surrounding  towns,  and  later  in  devisinff  a  system  of  water 
supply  for  Boston  and  its  suburbs  at  an  estimatecTcost  of  $24,000,000. 

From  1895  up  to  the  present  time  I  have  been  the  chief  engineer  of 
the  metropolitan  water  and  sewerage  board,  engaged  in  constructing 
the  works  at  a  cost  of  about  $24,000,000,  and  in  connection  with  thati 
work  I  have  had  occasion  to  build  many  dams,  one  of  them  a  masonry 
dam  that  has  a  head  from  bed  rock  up  to  the  water  line  of  the  reser- 
voir of  189  feet.  I  also  have  constructed  there  what  is  known  as  the 
north  dike  of  the  Wachusett  reservoir,  which  is  similar  to  the  Gratun 
dam. 

While  I  was  with  the  State  board  of  health  a  great  many  experi- 
ments upon  filtration  of  sewage  were  carried  on,  and,  although  not 
immediately  under  my  direction,  a  Mr.  Allen  Hazen,  who  is  now  known 
as  a  distinguished  engineer,  chemist,  and  physicist,  made  experiments 
to  determine  the  resistance  of  sands  and  earths  of  various  kinds  to  the 
filtration  of  water.  One  of  his  recent  engagements  was  as  consulting 
engineer  in  charge  of  the  water-filtration  plant  here  for  Washing-ton. 
,It  was  on  the  basis  of  the  work  that  he  dia  and  of  which  he  published 
the  resultii  that  I  designed  the  dam  upon  the  metropolitan  waterwork:$ 
that  is  almost  exactly  like  this  proposed  Gatun  dam.  Before  con- 
structing that  dam,  however,  I  carried  on  experiments  myself  for  two 
3'ears  in  determining  the  resistance  of  the  various  materials  found  at 
the  site  of  that  dam  to  the  passage  of  water;  that  is,  they  were  what  I 
called  filtration  experiments. 

Senator  Kittredge.  Which  dam  do  you  now  refer  to? 

Mr.  Stearns.  1  am  referring  to  the  earth  dam  known  as  the  north 
dike  of  the  Wachusett  reservoir,  which  is  so  similar  to  this  Gatun  dam. 

Senator  Kittredge.  I  wished  to  know  whether  it  was  this  dam,  the 
Gatun  dam? 

Mr.  Stearns.  No.  After  having  made  all  of  those  experiments,  that 
north  dike  that  I  refer  to  was  built.  It  is  now  completed,  but  the 
reservoir  has  not  filled  behind  it  so  as  to  rise  more  than  one-third  of 
the  height  of  the  dam,  so  that  it  has  not  had  the  full  test. 

The  Chairman.  What  would  be  the  height  of  that  dam? 

Mr.  Stearns.  The  dam  retains  65  feet  of  water,  while  the  Gatun 
dam  is  to  retain  85  feet. 

Senator  Kittredge.  If  it  will  not  interrupt  you,  I  would  like  to 
know  the  height  of  the  water  above  the  surface  of  the  ground  at  the 
stone  dam  you  have  spoken  of. 

Mr.  Stearns.  One  hundred  and  twenty-nine  feet.  I  think  that  is 
right.     It  is  either  129  or  127  feet. 

The  Chairman.  Proceed,  Mr.  Stearns,  please. 

Mr.  Stearns.  In  what  I  have  said  1  think  I  have  described  my 
experience  which  has  a  special  bearing  upon  work  at  the  Panama 
Canal. 

The  Chairman.  As  I  understand  it,  Mr.  Stearns,  you  were  appointed 
a  member  of  the  Commission.  Was  that  your  first  connection  with 
the  Panama  service,  when  you  were  made  a  member  of  the  Consulting 
Board  ? 

Mr.  Stearns.  It  was. 

The  Chairman.  And  you  visited  Panama  last  fall? 

Mr.  Stearns.  I  did. 

The  Chairman.  Had  you  ever  been  there  before? 

Mr.  Stearns.  No. 
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The  Chairman.  If  you  will  give  us  now  a  statement  of  your  visit 
there  in  the  fall,  and  then  go  on  and  make  a  statement  in  reference  to 
this  dam,  we  shall  he  glad  to  hear  you. 

Mr.  Stearns.  I  will  say  that  before  visiting  Panama  I  had  consid- 
ered the  subject  of  placing  a  dam  at  Gatun,  and  made  drawings  and 
presented  the  subject  to  the  Board  of  Consulting  Engineers  on  the 
oasis  of  the  borings  that  then  existed.  Thev  seemed  to  be  sufficient 
to  show  clearly  that  it  was  feasible  to  build  a  dam  at  that  place.  Then, 
9LS  it  was  desirable  to  have  more  borings,  I  prepared  a  draft  of  a  cable- 
erara  which  was  sent  to  the  Isthmus,  asking  for  additional  borings 
airectlv  at  the  site  of  the  dam.  At  the  time  of  the  visit,  which  was  at 
the  end  of  September,  we  went  to  Colon,  and  for  eight  days  we  were 
examining  the  sites  of  the  various  works  at  the  Isthmus. 

Senator  Morgan.  Is  that  all  the  time  you  ever  spent  on  the  Isthmus? 

Mr.  Stearns.  It  is;  and  one  day  should  be  counted  out  from  that, 
in  part,  which  was  Sunday,  when  we  did  not  make  a  trip.  Otherwise 
we  put  in  good  full  days.  I  saw  all  parts  of  the  canal.  I  presume  it 
is  not  necessary  to  go  into  that  at  present. 

Senator  Kittredge.  I  wish  you  would,  before  you  finish,  Mr. 
Stearns,  describe  somewhat  in  detail  the  time  that  you  spent  on  each 
feature  of  the  canal. 

The  Chairman.  I  think  he  had  better  go  on  with  the  description  of 
this  tirst. 

Senator  Kittredge.  Oh,  yes;  tbfet  is  all  right. 

Mr.  Stearns.  In  connection  with  the  Gatun  dam,  we  examined  the 
territory,  found  that  they  had  a  large  number  of  men  at  work  making 
borings.  We  talked  the  matter  over  with  Mr.  Maltby,  the  engineer 
in  charge  of  that  work,  and  saw  the  site  of  the  proposed  locks  and  of 
the  proposed  spillway  and  diversion  channel,  and  also  visited  one  part 
of  tne  line  of  the  dam  where  rock  was  exposed  at  the  surface  of  the 
ground,  and  one  where  the  French  had  started  the  diversion  channel 
and  then  stopped  digging  on  that  line  because  they  encountered  the 
rock. 

Senator  Kittredge.  That  was  at  the  west  of  the  Chagres? 

Mr.  Stearns.  Yes;  near  the  west  end  of  this  proposed  dam. 

Senator  Kittredge.  And  west  of  the  hill? 

Mr.  Stearns.  Yes;  west  of  this  central  hill.  It  was  on  ground  that 
was  rising  somewhat  above  the  river  and  quite  a  long  distance  from 
the  alluvial  channels. 

The  point  that  I  refer  to  is  on  this  plan  of  the  dam  where  the  word 
"rock'^  is  marked,  near  the  westerly  end  of  the  dam  [referring  to 
plate  11].  Not  all  of  the  borings  are  shown  on  this  plan,  and,  by  the 
way,  each  of  these  black  dots  here  represents  the  location  of  a  boring. 
Not  all  of  those  on  the  line  of  the  dam  were  made  at  the  time  we  were 
there,  but  the  infoimation  was  sent  afterwards. 

In  the  engineers'  office  at  Gatun  they  had  the  samples  that  had  been 
wa^ihed  up  from  the  ground  b}''  those  borings,  and  they  showed,  as  far 
as  I  saw  them — and  I  saw  a  great  many  of  them — that  is,  very  gener- 
ally they  showed,  if  not  in  all  cases,  that  there  was  a  large  amount  of 
clayey  material  with  the  material  that  was  washed  up.  The  borings 
that  went  down  in  the  great  depth,  in  the  alluvial  valley  where  the 
diversion  channel  is  located,  had  not  then  been  made.  There,  in  the 
lower  58  feet,  they  found  porous  sand  and  gravel;  but  those  had  not 
been  made  at  the  time  that  we  were  there. 
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Senator  Kittredge.  That  was  at  the  extreme  westerly  end  of  the 
Gatun  dam,  was  it? 

Mr.  Stearns.  No;  not  at  the  extreme  end.  It  was  at  this  point  here 
[indicating  on  mapj.  You  can  see  that  it  is  quite  a  distance  from  the 
extreme  westerly  end. 

Senator  Kittredge.  Is  that  west  of  the  central  hill  ? 

Mr.  Stearns.  Yes;  this  is  the  central  hill  that  I  have  mentioned 
[indicating  on  map],  and  the  alluvial  valley  between  that  and  the  hard 
land,  rocky  land,  is  represented  by  thU  comparatively  short  distance 
here  [indicating].  This  geological  gorge,  as  it  has  been  called  in  the 
testimony',  is  here  [indicating  on  map]  on  this  side  of  the  central  hill 
and  again  in  the  valley  through  whic^  the  canal  itself  passes. 

Senator  Kittredge.  Will  you  please  repeat  your  statement  regard- 
ing the  borings  west  of  the  central  hill  ? 

Mr.  Stearns.  The  borings  west  of  the  central  hill  had  not  been 
made  at  the  time  that  we  were  at  the  Isthmus,  and  therefore  I  did  not 
see  the  samples  from  those  borings. 

Senator  Ivittredge.  What  does  the  record  since  obtained  show  i 

Mr.  Stearns.  The  record  since  obtained  shows  that  that  material 
was  porous  sand  and  gmvel,  in  that  lower  58  feet  in  this  particular 
valley. 

Senator  Kittreixse.  To  what  depth  did  the  borings  go  at  that  time? 

Mr.  Stearns.  Two  hundred  and  fiftv-eight  feet  is  the  deepest  one. 

Senator  Kittredge.  And  substantially  the  same  depth  to  the  east 
of  this  central  hill  ? 

Mr.  Stearns.  No,  sir;  to  the  east  of  the  central  hill  I  think  the 
deepest  boring  was  about  204  feet.  That  was  the  deepest  that  had 
been  taken.  Whether  there  was  a  deeper  one  found  subsequently,  I 
do  not  know. 

Senator  Kittredge.  Will  vou  not  look  at  plate  12? 

Senator  Taliaferro.  Do  the  borings  all  go  down  to  rock? 

Mr.  Stearns.  Very  nearly  all.  I  tnink  there  was  one  that  did  not 
go  down  to  rock,  but  I  am  not  sure  but  what  it  was  repeated  after- 
wards and  carried  to  rock. 

Senator  Morgan.  When  you  say  rock  do  you  mean  real  solid  rock 
or  indurated  clay? 

Mr.  Stearns.  I  mean  indurated  clay. 

Senator  Morgan.  You  should  call  it  by  that  name,  because  it  Is  not 
rock. 

Mr.  Stearns.  It  is  rock,  to  all  intents  and  purposes,  as  a  founda- 
tion or  for  stability  and  standing.  Now,  I  am  referring  to  the  indu- 
rated clay  that  is  between  Colon  and  Gatun;  and  at*  this  point  it  is 
different  from  some  of  the  other  indurated  clay  in  the  Culebra  Cut, 
which  dissolves  in  water. 

Senator  Morgan.  This  does  not  dissolve? 

Mr.  Stearns.  This  does  not  dissolve,  according  to  my  information. 

Senator  Kittredge.  But  it  washes  out? 

Mr.  Stearns.  Not  at  all,  I  think. 

Senator  Morgan.  What  do  you  mean,  then,  by  that  depression 
there  on  this  blueprint — I  will  call  it  to  your  attention 

Mr.  Stearns.  I  would  like  to  say  just  a  word  as  to  the  rea§on  I  say 
it  does  not  dissolve.  Mr.  Maltby  told  me  that  the  French  excavated* 
dry  dock  with  vertical  sides,  and  that  I  think  must  have  been  back  in 
1880  something — certainly  it  was  the  old  canal  company  that  did  it — 
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and  that  that  retained  there  it«  vertical  sides  without  any  trace  of 
action  by  the  weather  upon  it  at  all.  That  is  not  true  of  some  of  the 
indurated  clay  in  the  Culebra  cut. 

Senator  Morgan.  This  is  the  blueprint  that  we  have  been  going  on 
as  being  entirelj"  correct,  as  to  the  proportions  of  the  drawing,  and 
also  a  correct  statement  of  the  actual  borings  that  were  made  on  the 
axis  of  this  dam  at  Gatun.  Here  is  a  deep  gulch  [indicating  on  pro- 
file]. 

Mr.  Stearns.  Yes. 

Senator  Morgan.  One  hundred  and  how  many  feet  below 

Mr.  Stearns.  Two  hundred  and  fifty-eight  feet  below  mean  tide. 

Senator  Morgan.  Yes.  And  here  is  another  one  [indicating  on 
profile]. 

Mr.  Stearns.  There  is  another  one  that  is  shown  to  be  about  202 
feet  deep  at  its  deepest  point,  below  mean  tide. 

Senator  Morgan.  And  then  it  goes  off  at  lower  levels  to  the  right 
and  left  on  this  map. 

Mr.  Stearns.  At  higher  levels. 

Senator  Morgan.  How  did  that  gulch  get  in  there  if  it  was  not 
washed  out  by  waters 

Mr.  Stearns.  It  undoubtedly  was  washed  out,  but  I  should  like  to 
explain  and  say  how  I  understand  that  gulch  to  have  been  made. 

Senator  Morgan.  I  wish  you  would. 

Mr.  Stearns.  That  is,  not  only  one  of  them,  but  both  of  them. 

Senator  Kittredge.  Before  he  makes  that  explanation  may  I  ask  a 
question,  Senator^ 

Senator  Morgan.  Yes. 

Senator  Kittredge.  Where  is  that  deepest  gulch  with  reference  to 
the  central  hill? 

Mr.  Stearns.  It  is  west  of  the  central  hill  and  occupies  the  valley 
through  which  this  French  diversion  channel  runs.  It  extends  between 
the  points  where  mj^  two  fingers  are  touching  the  plan. 

Senator  Kittredge.  And  point  out  on  tne  map  where  the  other 
pocket,  or  whatever  you  call  it,  is,  please. 

Senator  Dryden.  The  other  gulch. 

Mr.  Stearns.  The  other  gulch  extends  about  from  the  railroad  to 
the  central  hill,  between  my  two  fingers,  as  I  now  have  them  on  the 
plan. 

Senator  Morgan.  That  is  the  one  that  is  not  quite  so  deep,  but 
broader. 

Mr.  Stearns.  Not  quite  so  deep,  but  wider,  yes. 

Senator  Kittredge.  How  far  is  the  railroad  from  the  location  of 
the  locks  as  planned  by  the  minority  ? 

Mr.  Stearns.  Well,  it  runs  off  at  an  angle,  so  that 

benator  Kittredge.  About  how  fari  I  am  not  particular  about 
the  exact  distance. 

Mr.  Stearns.  The  greatest  distance  from  the  railroad  to  the  locks 
is  about  1,500  feet,  and  the  shortest  distance  to  the  locks  from  right 
at  Gatun  is  about  600  feet. 

Senator  Kittredge.  Now,  if  you  will  answer  Senator  Morgan's 
question. 

Mr.  Stearns.  This  is  based  on  what  I  have  heard  stated  by  geolo- 
gists, and  what  I  have  observed,  in  part. 
ENG  I  c — 06 33 
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Senator  Morgan.  I  wish,  in  making  your  statement,  you  would 
take  into  account  this  fact,  also:  The  boring's  here  show  that  upon 
this  line  [indicating  on  profile]  water  appeared;  what  is  the  elevation 
there? 

Mr.  Stearns.  That  is  about  50  feet  below  sea  level. 

Senator  Morgan.  Water  appeared  there  in  the  pipes  that  were 
driven  down'f 

Mr.  Stearns.  That  50  feet  is  not  an  exact  statement;  that  is  it 
approximately. 

i^nator  Morgan.  And  on  the  same  level  over  here  in  the  next  gulch 
[indicating  on  profile]  it  appeared  as  you  were  driving  your  pipes  down. 
Now,  the  conclusion  that  an  engineer  has  stated  here  is  that  the  water 
that  appears  here  [indicating],  and  here  [indicating]  is  connected  by 
a  conduit  or  an  opening  of  some  kind  between  the  two,  ai^oun^  thi8 
island.     Is  that  your  conviction  ? 

Mr.  Stearns.  Not  at  all. 

Senator  Morgan.  It  is  not?  If  you  have  a  different  explanation,  I 
wish  you  would  state  it  as  you  go  along. 

Mr.  Stearns.  Let  me  explain,  first,  the  formation  of  these  gorges, 
as  I  understand  it. 

The  Chairman.  I  think,  gentlemen,  if  we  will  allow  Mr.  Steams  to 
go  along  and  make  his  statement  to  the  committee  without  interruption 
for  a  little  while 

Senator  Morgan.  I  interrupted  him  to  ask  him  to  include  that  state- 
ment in  his  general  statement. 

The  Chairman.  I  think  we  shall  be  better  prepared  to  ask  questions 
if  we  wait  until  he  finishes  his  statement,  because  I  think  he  is  the 
authority  on  what  he  is  talking  about  now  in  this  country. 

Mr.  Stearns.  The  earth,  when  it  was  formed,  had  no  soil  upon  it. 
It  was  rock,  and  the  rivers  started  to  run  down  these  rocky  valleys, 
with  perhaps  very  little  depression.  In  the  course  of  time  they  cut 
away  a  gorge,  just  as  one  sees  out  in  the  Denver  and  Bio  Grande  gorge, 
or  in  a  great  many  other  places.  Water  running  over  rock  will  cut  a 
gorge  down  into  the  rock. 

Senator  Morgan.  You  mean  to  say,  I  suppose,  that  the  earth,  when 
it  was  formed,  was  composed  of  rock  and  water? 

Mr.  Stearns.  Rock  and  water. 

Senator  Morgan.  Just  those  two  elements? 

Mr.  Stearns,  Yes;  I  am  going  back  a  good  ways.     [Laughter.] 

Senator  Morgan.  Yes;  a  good  ways. 

Mr.  Stearns.  There  is  nothing  like  starting  at  the  beginning.  The 
geologists  speak  "of  a  comparatively  new  valley,  that  may  be  a  million 
years  old,  perhaps,  where  the  water  has  washed  down  and  formed  a 
gorge,  but  the  sides  have  not  run  in  enough  to  level  themselves,  and 
there  is  a  steep  gorge.  That  would  be  a  comparatively  new  gorget,  as 
they  would  call  it,  where  the  Denver  and  Rio  Grande  Railroad  runs,» 
and  in  a  great  many  other  places  that  you  will  readilv  call  to  mind, 
where  there  are  deep  gorges — the  Grand  Canyon  of  the  Colorado  is 
one  of  those. 

Senator  Morgan.  Then,  if  I  understand  you,  and  I  want  to  get  the 
predicate  all  right,  the  earth  when  it  was  formed  was  formed  of  rock 
and  water,  and  there  is  no  soil  that  was  not  formed  by  the  operation 
of  rock  with  water. 

Mr.  Stearns.  That  is  as  I  understand  it. 
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Senator  Morgan.  The  soil  wan  formed  by  the  washing  of  water  upon 
rock? 

Mr.  Stearns.  That  is  as  1  understand  it. 

Senator  Morgan.  Very  good. 

Mr.  Stearns.  Ic  time  water  will  cut  a  deep  gorge  down.  It  does 
not  do  that,  however,  below  the  level  of  the  sea,  l^cause  then  there 
are  no  swift  currents;  and  so,  when  you  come  to  a  gorge  which  is  below 
the  level  of  the  sea^  the  geologists  vsay  that  that  land  was  originally  at 
a  higher  elevation.  Take,  for  instance,  the  Hudson  River  Valley :  They 
say  that  the  fact  that  the  bottom  of  the  rock  gorge  is  200  feet  below 
the  level  of  the  sea,  or  more,  at  New  York  means  that  that  land  was 
once  elevated  so  that  the  water  was  running  swiftly  enough  to  scour 
the  material  out  of  the  bottom  of  that  gorge  and  make  a  gorge. 

In  a  similar  way,  here  at  Panama,  this  rock  must  have  been  at  some 
time  at  a  higher  level  than  the  ocean,  and  the  Chagres  River  running 
down  through  there  whittled  out  a  gorge.  The  fact  that  it  has  done 
that  does  not  mean  that  the  rock  is  soft,  because  the  Hudson  River 
has  gullied  out  a  gorge  in  the  same  way  in  rock  that  is  harder  than 
this  indurated  da^.  It  is  stated  by  geologists,  and  found  to  be  a  fact, 
that  those  gorges  in  rock  alwavs  have  a  down-grade  toward  the  sea. 
There  were  some  attempts  made  here  to  see  if  they  could  not  find  a 
placewhere  the  rock  would  be  high  across  these  gorges,  but  1  think  it 
would  be  impossible. 

On  the  Hudson  I  happen  to  know  the  soundings,  and  the  depths 
from  the  sea  level  down  to  the  rock  up  at  Poughkeepsie  is  144  feet,  or 
thereabouts.  At  New  Hamburg  it  has  been  mentioned  in  the  testi- 
mony that  it  is  200  feet,  and  down  nearer  New  York  it  is  still  deeper, 
showing  that  there  was  a  down  grade  to  that  river  at  one  time,  wnen 
the  lana  was  elevated  above  the  sea. 

Senator  Morgan.  I  hav^  always  understood  that  the  glaciers  had 
something  to  do  with  forming  these  river  channels. 

Mr.  Stearns.  I  do  not  think  that  is  generally  admitted* by  geolo- 
gists. They  may  have  had  something  to  do  with  it,  in  cases,  but  I 
have  heard  it  stated  otherwise  by  eminent  authority. 

Here  at  the  Chagres  the  rock  gorge  has  a  down  grade  to  the  sea. 
1  should  have  said,  first,  that  this  land,  after  this  gorge  was  formed 
by  the  action  of  the  water,  sunk  below  the  level  of  the  sea  b}*^  a  gi'ad- 
ual  subsidence  of  the  land,  such  as  is  known  to  have  taken  place  in 
many  parts  of  the  world,  and  the  rock  gorge  is  shown  now  to  oe  with 
a  eontmual  down  grade  to  the  sea,  so  far  as  the  tests  have  been  made; 
that  is,  at  Gamboa,  the  bottom  of  the  gorge,  which  is  not  a  deep  one 
at  that  place,  is  at  sea  level.  The  rock  is  about  50  feet  below  the 
ground  there,  and  the  deepest  place  in  the  rock  is  at  sea  level.  Com- 
ing down  the  river  to  the  next  place  where  borings  have  been  made, 
I  tnink  it  may  be  near  Buena  Vista,  although  I  am  not  sure  of  this,  that 
depth  to  the  rock  is  somewhere  in  the  neighborhood  of  140  or  150  feet. 
At  Bohio,  still  farther  down,  the  greatest  depth  to  the  rock  is  168 
feet;  and  getting  down  to  Gatun,  the  greatest  depth  to  the  rock  is 
25S  feet. 

Senator  Kittredoe.  You  mean  indurated  clay? 

Senator  Hopkins.  He  has  stated  what  he  understands  by  that.  He 
calls  it  rock,  in  his  testimony. 

Mr.  Stearns.  In  general  it  is  rock.  I  think  it  was  formed  as  rock, 
although  I  am  not  an  expert  on  that  side  of  the  question. 
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Therefore  I  believe  that  that  gorge  was  formed  there  by  the  action 
of  water,  and  after  it  subsided  and  the  currents  became  quieter,  then 
it  was  gradually  filled  up  with  earth  brought  down  by  the  river. 

Senator  Morgan.  I  want  to  call  your  attention  to  a  divergence  of 
opinion  between  vou  and  other  gentlemen  who  do  not  profess  to  be 
geologists,  but  who  are  engineers  of  high  rank.  They  produced  sam- 
ples of  this  stuff  here,  called  indurated  clay,  and  they  seemed  to  be  of 
the  opinion  that  it  was  formed  bv  volcanic  action,  probabl}',  and  was 
silt;  at  all  events,  deposited  as  silt  in  the  bottom,  beneath  the  waters 
of  the  Chagres  River  and  the  waters  of  the  surrounding  country. 

Mr.  Stearns.  1  should  not  think  that  was  the  case;  although  I  do  not 
know  as  to  its  formation. 

Senator  Morgan.  You  think  it  was  an  original  formation  of  rock? 

Mr.  Stearns.  I  think  it  has  been  scoured  out. 

Senator  Morgan.  You  think  it  was  an  original  formation  of  rock  ? 
They  claim  it  was  formed  by  the  silt  settling  in  the  water,  and  3'ou 
claim  that  it  was  an  original  formation  of  rock? 

Mr.  Stearns.  1  do  not  believe  there  is  any  indication  that  that  is  the 
case.  These  gorges  look  as  if  thoy  had  been  scoured  out  of  the  rock, 
and  I  believe  they  were — not  like  something  that  is  made  by  settling 
in  that  way.  Tney  are  unusual  shapes  that  you  see  there,  and  the 
shape  itself  suggests  the  scouring  action  of  water. 

Senator  Morgan.  As  if  it  had  been  there  and  been  washed  out? 

Mr.  Stearns.  Yes. 

Senator  Morgan.  That  is  what  I  think;  and  I  think  it  will  be 
washed  out  again,  if  you  ever  get  head  enough  of  water  on  it. 

Senator  Dryden.  This  is  not  material,  but  do  you  suppose  that 
these  gorgefi  were  made  here  because  this  rock  was  of  softer  quality 
than  the  rock  adjoining? 

Mr.  Stearns.  Verv  likely.  Water  wijl  scour  in  the  lines  where 
there  is  the  least  resistance,  and  if  any  particular  rock  is  softer  than 
other  rock  that  will  be  scoured  faster.*  1  know  an  instance  of  that 
kind  where  granite  was  adjacent  to  a  schist  or  shale,  and  the  schist 
or  shale  had  scoured  away  so  that  it  left  that  granite  as  a  vertical 
wall — an  overhanging  wall,  in  fact,  some  40  feet  higher  than  the  shale; 
that  is,  the  shale  had  scoured  down  so  much  more  readily.  That  was 
the  case  at  the  site  where  the  masonry  dam  I  have  spoken  of  was  built. 

Senator  Dryden.  And  would  you  suppose  that  that  softer  quality 
still  persists  up  to  the  present  time? 

Mr.  Stearns.  It  is  not  a  hard  rock  at  all. 

Senator  Dryden.  No;  but  I  mean  softer  than  the  adjoining  rock? 

Mr.  Stearns.  I  do  not  believe  there  is  very  much  difference.  If  a 
gorge  got  started  in  some  place  where  it  was  soft  the  concentration 
of  current  in  the  middle  of  the  gorge  would  continue  to  cut  on  that 
line  even  if  it  were  harder  than  some  of  the  adjacent  rock. 

Senator  Dryden.  That  seems  reasonable. 

Mr.  Stearns.  I  was  speaking  of  the  fact  that  this  alluvial  material 
which  fills  the  gorge  was  to  a  large  extent- brought  in  after  subsidence 
of  the  land,  so  that  the  currents  were  cheeked  by  being  below  sea 
level.  That  is,  after  it  dropped,  there  was  no  fall  to  produce  scouring 
action,  and  the  gravel  is  brought  down  from  the  Chagres,  we  will  say, 
above  Gamboa.  If  this  gorge  had  always  remained  above  sea  level, 
it  might  have  been  that  there  would  have  been  no  deposits  in  it,  or,  if 
any  deposits  had  been  made,  they  would  have  been  of  coarse  material- 
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But  after  it  subsided,  there  was,  of  course,  leas  current,  and  the 
gravels  brought  down  by  the  Chagres  River  above  Gamboa  would 
settle  as  soon  as  the  currents  were  retarded  slightly  and  the  finer 
materials  would  go  on  farther  down. 

The  evidence  of  borings,  both  at  the  Gatun  dam  and  within  a  mile 
or  two  of  it  upstream,  is  all  to  the  etfect  that  that  material  was 
deposited  in  sluggish  currents.  Mr.  Wallace,  in  a  statement  before 
us,  suggested  that — and  I  think  it  is  generally  recognized — that  the 
material  in  the  lower  part  of  this  estuary  was  formed  when  the  gorge 
sank  below  the  level  of  the  sea,  and  was  then  filled  with  tine  material. 
There  is  coarse  gravel  up  at  Gamboa,  and  just  below  Gamboa  there  is 
one  place  there  where  there  are  stones,  I  should  say,  as  big  as  mj-  two 
fists. 

Coming  farther  down  the  stream  where  the  Chagres  is  crossed  by 
the  railroad  one  can  see  gravel  bars;  and  farther  down  they  are  not 
as  plain.  Going  still  farther  down,  thev  disappear.  That  is  the 
result  of  supei-ficial  observation,  and  it  is  also  the  result  of  the  borings 
throughout.  I  have  not  them  all  here  to  show  to  you,  but  take,  first, 
the  proof  that  that  material  down  there  has  been  deposited  in  sluggish 
currents,  and  I  can  call  your  attention  to  a  good  many  borings. 

^I  see  I  had  omitted  one  thing,  the  material  deposited  in  that  deepest 

orge  was  not  depK)sited  in  a  sluggish  current,  apparently;  that  is,  the 
!ower  58  feet  of  it  was  deposited  under  conditions  in  which  coarse 
material  was  brought  alon^,  and  the  fine  material  was  washed  farther 
out  to  sea.  So  that  there  is,  down  in  that  lower  part  there,  sand  and 
gravel  which  is  not  as  full  of  tine  material.  1  should  not  have  said 
that  the  fine  material  was  all  washed  out  to  sea,  because  in  all  these 
deposits  of  gravel  there  is  sand  deposited  with  stone  and  finer  material, 
very  often.  Just  referring  to  that  point  once  more,  I  know  in  one 
place  where  clay  is  shown  within  that  58  feet — cla}'  alone. 

Senator  Morgan.  You  are  now  referring  to  the  deepest  of  the 
borings? 

Mr.  Stearns.  Yes;  the  lower  58  feet. 

Senator  Moroan.  Yes. 

Mr.  Stearns.  But  otherwise,  in  that  lower  58  feet — it  may  be  a  lit- 
tle higher  than  58  feet  in  places — the  clay  is  a  very  large  component 
of  the  material  which  was  dei)osited  there.  When  1  made  the  first 
statement  to  the  Board  of  Consulting  Engineers  on  this  subject 

Senator  Morgan.  Let  me  ask  you,  underlying  that  clay  is  there 
any  wood? 

Mr.  Stearns.  The  wood  has  been  found  more  or  less  throughout 
all  these  borings. 

Senator  Morgan.  Underlying  the  clay  that  you  speak  of  is  there 
wood? 

Mr.  Stearns.  Not  that  particular  clay  that  I  mentioned  last. 

Senator  Morgan.  Well,  any  clay? 

Mr.  Stearns.  Oh,  yes.  In  this  deposition  of  material  in  a  sluggish 
current  there  is  wood  and  vegetable  matter  at  times,  and  shells. 

Senator  Morgan.  In  other  words,  then,  this  has  washed  out  there  and 
been  filled  up  by  the  waters  of  the  Chagres  River,  bringing  down  wood 
and  clay  and  sand  and  finer  material,  and  also,  sometimes,  bowlders? 

Mr.  Stearns.  Not  bowlders. 

Senator  Morgan.  As  far  down  as  Bohio  they  find  bowlders'? 

Mr.  Stearns.  Oh,  yes;  but  not  down  here. 
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In  connection  with  that,  when  we  first  met  we  had  given  us  certain 
printed  information,  and  it  included  a  report  by  Mr.  >iichois,  who  had 
charge  of  the  borings  in  the  vicinity'  of  Gatun. " 

Senator  Kittredge.  Was  Mr.  Nichols  afterwards  succeeded  bv  Mr. 
Maltby< 

Mr.  Stearns.  Yes;  Mr.  Nichols  is  still  down  there,  but  on  other 
work. 

Senator  Kittredge.  Do  you  remember  when  Mr.  Maltby  succeeded 
Mr.  Nichols  at  this  point? 

Mr.  Stearns.  No;  Mr.  Nichols  went  down  on  the  steamer  with  us, 
after  a  leave  of  absence,  the  last  of  September,  and  X  think  that  when 
he  went  Twick  there  he  was  placed  on  work  up  at  the  Culebra  Cut. 
Probably  that  was  the  time  of  the  change,  although  it  may  have  been 
earlier. 

Mr.  Nichols  said,  as  a  part  of  his  report  to  the  Isthmian  Canal  Cona- 
mission:  '*In  the  test  holes  no  bowlders  have  been  encountered." 
These  are  the  test  holes  in  the  vicinity  of  Gatun.  He  also  says:  '"In 
the  valley  the  material  above  the  rock  is  composed  of  clay — clay  mixed 
with  sand  in  proportions  varying  from  almost  pure  clay  to  nearly  pure 
sand,  and  some  streaks  of  shells  and  vegetation  in  sundry  stages  of 
decomposition,  which  indicated  a  fine  material  deposited  in  sluggish 
cuiTents."  • 

My  own  analysis  of  the  material,  made  before  these  later  borings 
were  made,  was  this:  I  found  that  there  were  fourteen  available  bor- 
ings that  were  made  with  reference  to  dam  location  in  the  valley  east 
of  the  island  at  (iatun;  that  is,  upstream  from  the  island  shown  on 
this  plan. 

Senator  Kittredge.  Do  you  mean  that  central  hill  ? 

Mr.  Stearns.  There  is  another  hill  that  is  about  a  mile  long,  per- 
haps a  quarter  or  a  half  a  mile  upstream  from  this  central  island  that 
is  on  the  map  of  the  dam. 

Senator  Kjttredge.  That  is  in  a  southerly  direction,  then,  from  the 
central  hill  that  you  have  mentioned? 

Mr.  Stearns.  Yes.  The  lower  part  of  this  hill  that  I  am  speaking 
of  now  is  shown  on  this  plat. 

There  were  14  borings  in  the  valley  east  of  this  island,  and  I  analyzed 
them  to  see  how  much  sand  or  gravel  was  encx>untered.  Two  of  them 
did  not  have  sufficient  information.  In  the  other  12  there  was  neither 
sand  nor  gravel  encountered  without  clay  was  mixed  with  it;  that  is, 
it  was  often  marked  ^^sand  and  clay,^'  but  no  sand  alone  was  noted. 

Senator  Kittredge.  Will  it  interrupt  you  if  I  ask  some  questions  I 

Mr.  Stearns.  No,  sir. 

Senator  Kittredge.  Where  were  those  borings  made  with  refer- 
ence to  the  proposed  Gatun  dam  site? 

Mr.  Stearns.  There.     [Indicating  on  map.] 

Senator  Kittredge.  East  of  this  island  that  you  have  mentioned^ 

Mr.  Stearns.  East  of  this  upper  island. 

Senator  Kittredge.  And  about  a  mile  south  of  the  proposed  Gatun 
dam  site?     Is  that  right? 

Mr.  Stearns.  No,  sir;  some  of  them  were  under  the  proposed  Gatun 
dam  site,  and  some  of  them  were  upstream  from  it.  Two  were  under 
the  dam  site,  and  then  there  are  some  of  them  shown  on  this  plan 
marked  205,  206,  207,  209.  211,  212. 


INVBSTIOATIOIS^   OF  PANAMA  CANAL   MATTEKS.  505 

Senator  Kittredoe.  They  were,  then,  except  two,  south  of  the  pro- 
posed dam  at  Gatun? 

Mr.  Stearns.  Yes;  ranging  from  perhaps  1,000  feet. 

Senator  Hopkins.  South  would  be  upstream  ? 

Mr.  Stearns.  Yes.  Banging  from  perhaps  a^  thousand  feet,  sa^,  to 
a  mile  or  a  mile  and  a  half.  On  the  other  side  of  this  island  which  I 
have  mentioned  there  were  thirteen  borings,  of  which  I  think  only 
one  is  under  the  site  of  the  dam  as  now  proposed,  and  the  others  were 
within  that  distance  of  a  mile  or  a  mile  and  a  half. 

Senator  Kittredge.  How  deep  were  those  borings  ? 

Mr.  Stearns.  Those  west  of  the  island  ranged  from  116  feet  to  204 
feet. 

Senator  Kittredge.  And  how  deep  were  they  east  of  this  island? 

Mr.  Stearns.  The  smallest  depth  is  64  feet;  evidently  not  in  the 
bottom  of  the  gorge;  and  the  greatest  depth  was  201  feet. 

Senator  Kittredge.  Did  those  borings  disclose  the  presence  of  water 
at  any  j^int  below  the  surface? 

Mr.  bTEARNS.  There  was  no  note  made  to  that  effect,  so  far  as  I 
recall. 

Senator  Kittredge.  You  are  speaking  now  of  the  borings  made  by 
Mr.  Nichols? 

Mr.  Stearns.  These  are  borings  made  under  Mr.  Nichols's  direc- 
tion, as  I  understand.     In  fact,  he  told  me  that  he  made  them.  ' 

Senator  Kittredge.  And  his  report  does  not  disclose  water,  as  I 
understand  it? 

Mr.  Stearns.  No  mention  is  made  of  it. 

The  thirteen  borings  west  of  the  island  showed  sand  without  admix- 
ture of  clay  for  10  feet  in  one  boring  that  was  187  feet  deep;  for  1  foot 
in  a  boring  that  was  146  feet  deep;  for  8  feet  in  a  boring  that  was  205 
feet  deep,  and  for  5  feet  in  a  boring  that  was  193  feet  deep.  In  none 
of  the  others  was  there  sand  without  clay  noted.  For  records  of 
gravel,  gravel  was  noted  in  two  cases  for  a  depth  of  1  foot  in  each 
case. 

Senator  Kittredge.  At  what  depth  ? 

Mr.  Stearns.  I  have  not  the  record  of  the  depth,  but  the  total 
depth  of  one  of  these  borings  was  204  feet  and  the  other  was  197  feet. 

The  way  I  interpreted  those  borings  was  that  there  was  so  little  clear 
sand  or  gravel  that  it  was  a  very  strong  proof  that  that  material  had 
been  deposited  in  sluggish  currents  and  that  it  would  be  impervious, 
and  1  think  that  view  was  verified  by  the  lK)rings  which  were  after- 
wards made  on  the  line  of  the  dam,  except  in  that  lower  58  feet  which 
I  have  referred  to  on  several  occasions. 

Senator  Morgan.  You  are  not  now  speaking  of  the  clay,  but  of 
what  was  superimposed  upon  it? 

Mr.  Stearns.  This  is  the  alluvial  material  which  filled  gorges  in  the 
indurated  clay. 

Senator  Kittredge.  Where,  with  reference  to  the  proposed  site  of 
the  Gratun  dam,  wa«  the  boring  that  disclosed  10  feet  of  sand? 

Mr.  Stearns.  It  is  boring  ^o.  54.  It  is  not  shown  on  this  plan. 
I  see  Nos.  55  and  56  there,  so  that  probably  it  was  in  that  neighbor- 
hood.    I  am  not  sure. 

Senator  Kittredge.  Then  it  was  south,  or  upstream? 

Mr.  Stearns.  From  the  dam;  yes. 
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Senator  Kittredoe.  About  how  far? 

Mr.  Stearns.  The  two  that  I  have  noted  are  about  1,500  feet 
upstream  from  the  dam — a  quarter  of  a  mile. 

Senator  Kittredoe.  How  close  were  those  borings  to  each  other, 
both  east  and  west  of  the  island,  upstream  from  the  proposed  dam  site? 
I  do  not  care  for  ruy  accurate  figures. 

Mr.  Stearns.  They  varied.  Sometimes  they  were  scattered  and 
sometimes  they  were  near  together.  Here  are  five  in  a  bunch,  and 
the  greatest  distance  from  the  extreme  ones  is  800  feet. 

Senator  Kittredoe.  Do  3^ou  find  any  of  the  borings  that  j'ou  are 
now  describing  nearer  together  than  800  feet? 

Mr.  Stearxs.  Oh,  yes.  Here  are  two.  The  nearest  two  on  this 
plan  are  a  little  over  200  feet  apart. 

Senator  Kittredoe.  Do  you  find  any  borings,  either  east  or  west  of 
the  island,  upstream  from  the  proposed  Gatun  dam  site  nearer  than 
200  feet? 

Mr.  Stearns.  The  nearest  are  just  about  200  feet,  possibly  175. 
This  plan  is  rather  small. 

Mention  has  been  made  of  the  fact  that  wood  is  encountered,  and 
also  that  vegetable  matter  is  encountered  in  some  places.  1  rather 
welcome  the  appearance  of  vegetable  matter,  l)ecause  it  was  evidence, 
as  it  seemed  to  me,  of  the  fineness  of  the  material  that  was  deposited 
there.  Moreover,  vegetable  matter  mixed  in  with  sand  makes  it  imper- 
vious to  water. 

I  have  done  a  great  deal  of  work  on  that  line,  so  that  I  know. 
Chunks  of  wood  would  not,  but  I  do  not  see  that  the}-  have  any  special 
significance.  They  would  be  thoroughly  surrounded  by  sand;  they 
are  impervious  in  themselves,  and  wood  under  water  lasts  practically 
forever.  If  one  were  building  a  masonry  dam  on  top  of  this  alluvial 
material,  then  it  would  be  a  very  serious  matter  to  have  organic  matter 
in  it,  because  it  would  settle;  but  in  building  a  dam  such  as  is  pro- 
posed, with  a  great  mass  of  earth,  the  weight  on  it  is  such  that  if  that 
material  settles,  and  it  will  if  there  is  some  vegetable  matter  there 
settle  a  little,  the  tendency  would  be  rather  to  crowd  that  vegetable 
organic  matter  in  with  the  grains  of  sand,  in  between  the  grains  of 
sand,  and  make  it  all  the  more  tight. 

If  it  compresses  it  means  that  it  puts  the  particles  closer  together, 
whether  it  is  organic  material  alone  or  whether  it  is  organic  material 
mixed  with  sand.  But  in  a  dam  as  proposed  here,  with  a  height  at 
the  highest  [)oint  of  135  feet,  there  is  a  pressure  of  about  between  6 
and  7  tons  to  the  square  foot  on  this  earth,  and  the  settling  could  not 
make  any  cracks  that  would  go  longitudinally  in  that  material.  Under 
such  an  enormous  pressure  it  is  bound  to  squeeze  together  and  follow 
down.     I  do  not  know  as  I  am  making  that  clear. 

In  some  of  this  material,  not  at  Gatun,  but  on  my  own  work,  that 
had  organic  matter  in  it  I  put  some  jackscrews  on  it  and  brought  a 
pressure  of  20  tons  on  a  small  area — not  as  much  per  square  foot  as 
this  would  be— and  when  I  compressed  that  material  having  the  organic 
matter  in  it  it  made  it  so  solid  that,  while  it  was  soft  surface  soil  at 
first,  before  pressure,  after  it  had  been  pressed  with  that  weight  it 
was  so  compact  that  one  could  hardly  drive  a  pick  into  it.  With  this 
enormous  weight,  if  there  is  an}'  compressible  material,  it  will  tend  to 
crowd  it  together  and  make  it  solid. 


INVESTIGATION   OF   PANAMA  CANAL   MATTERS.  507 

Senator  Dryden.  You  spoke  of  the  sinking  in  this  dam.  Whatever 
it  might  be  it  would  occur  during  the  process  of  construction  and  by 
the  time  of  completion? 

Mr.  Stearns.  Certainlv. 

Senator  Dryden.  Woufd  there  be  any  danger  of  its  going  on  after 
the  dam  was  completed? 

Mr.  Stearns.  I  think  it  might  continue  somewhat  after.  I  once 
built  a  bank  that  was  30  feet  high  on  a  great  depth  of  mud.  The  mud 
was  composed  of  organic  matter  and  clay  that  bad  been  washed  from 
neighboring  hills  and  drifted  into  this  position;  and  that  settled  for 
three  or  four  years,  and  went  down  a  total  of  about  3  feet.  But  that 
was  a  great  depth  of  mud;  hei'e  it  is  sand  and  claj',  which  would  not 
settle,  except  for  some  limited  portions  where  some  vegetable  matter 
is  encountered. 

Of  course  I  can  not  say  accurately;  but  I  should  say  that  it  would 
not  probably  be,  under  that  pressure,  more  than  2  feet  in  all.  I  should 
expect  that  If  feet  of  the  settlement  would  occur,  if  it  occured  at  all, 
during  construction,  and  that  it  mi^ht  go  3  inches  more  afterwards. 
That  IS  merely  a  guess  of  what  might  happen.  I  should  not  think 
there  would  be  more  than  that  in  this  place.  If  there  was  more  organic 
matter  it  might  be  twice  or  three  times  that,  but  about  in  that  propor- 
tion.    That  18,  most  of  it  would  occur  when  the  weight  was  put  on  it. 

Senator  Dryden.  I  do  not  want  to  interrupt  the  course  of  your 
statement.  I  do  not  know  whether  you  have  now  arrived  at  a  point 
where  you  want  to  express  an  opinion  as  to  the  durability  and  suffi- 
ciency of  a  dam  constructed  in  that  way. 

Mr.  Stearns.  Well,  I  am  perfectly  willing  to  express  an  opinion 

Senator  Dryden.  If  you  have  not  arrived  at  such  a  point  1  will  wait. 

Mr.  Stearns.  I  have  still  more  to  say,  if  you  gentlemen  wish  to  lis- 
ten, as  to  the  ground  for  that  opinion. 

Senator  Dryden.  Yes. 

Mr.  Stearns.  I  have  not  much  faith  in  an  opinion  that  is  merely  an 
engineering  guess,  without  some  grounds  for  it.  • 

Senator  Dryden.  I  would  prefer,  then,  to  have  you  go  ahead. 

Mr.  Stearns.  In  some  of  the  testimony  which  has  appeared  before 
the  committee  it  has  been  stated  that  this  whole  matter  here  was  an 
engineering  guess.  In  fact,  when  the  matter  came  up  before  the  Board 
of  Consulting  Engineers,  I  think  it  was  at  least  six  weeks  afterl  made 
my  fii-st  statement  to  the  Board  before  any  criticisms  that  I  recall  were 
made  unfavorable  to  the  safety  of  the  dam,  and  then  it  was  made  bv 
only  one  member  of  the  board,  who  did  not  criticise  it  at  all  in  detail, 
but  said  it  was  an  engineering  guess,  to  which  he  would  not  subscribe 
his  name. 

I  wish  to  say  very  distinctly  that  this  is  not,  in  my  opinion,  an  engi- 
neering guess.  It  is  as  capable  of  demonstration  as  any  problem  that 
comes  up  in  engineering;  and  further  than  that,  that  there  has  been 
allowed  a  factor  of  safety  that  is  beyond  all  factors  that  have  been 
allowed  in  the  past. 

Senator  Morgan.  Beyond  all  precedent? 

Mr.  Stearns.  Beyond  all  precedent,  except  in  the  case  of  this  dam 
which  I  built,  which  is  the  precedent  for  this  particular  construction. 

1  am  going  to  attempt  to  make  this  clear  to  laymen,  and  I  think  I 
can.  The  forces  which  act  to  move  a  dam  of  this  sort  from  its  posi- 
tion, to  wash  it  away,  or  push  it  away,  are,  tirst,  the  pressure  of  the 
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water  against  this  mass,  trying  to  slide  it  downstream.  Possiblv  this 
may  not  be  entirely  clear  as  to  what  this  plan  is.  [Indicating  plan  of 
Gatun  dam.]  This,  by  the  way,  is  the  Gatun  Lake,  the  blue  repre- 
senting the  water,  at  elevation  85.  The  yellow  color  here  is  the  dam, 
with  its  proper  proportions  drawn  upon  the  scale  upon  which  engi- 
neering worKs  are  generally  drawn,  and  not  on  the  minute  scale  in 
which  it  is  shown  in  the  report. 

Here  is  a  suggestion  of  200  feet  of  stone  at  the  lower  end.  The  rock 
is  shown  here,  200  feet  below  the  level  of  the  ground,  the  level  of  the 

f  round  being  shown  by  this  line,  and  this  is  the  alluvial  material  which 
as  tilled  the  gorge  in  the  rock  or  indurated  clay. 

Senator  Kittrkdge.  What  is  the  upper  line,  just  below  the  line 
indicating  the  bottom  of  the  water—are  those  dots  along  there? 

Mr.  Stearns.  That  is  some  of  the  di-aughtsman's  artistic  work, 
showing  the  dots  here  and  here  [indicating]  merely  to  emphasize  it,  or 
give  it  a  proper  border,  or  something  like  that.  It  is  of  no  signifi- 
cance whatever. 

Senator  Kittredge.  That  is  what  I  thought. 

Mr.  Stearns.  Just  the  same  as  these  little  marks  here  in  the  rock 
are  not  intended  to  indicate  that  there  are  seams  there,  but  just  to 
make  it  look  pretty. 

The  way  in  which  dams  have  failed  on  some  occasions — for  instance, 
the  Austin  dam — is  by  sliding;  that  is,  the  water  pressure  against  the 
dam  was  sufficient  to  cause  a  section  of  the  dam  to  slide  downstream. 
I  do  not  think  it  needs  the  assistance  of  figures  to  show  that  that  dam 
will  not  do  so.  That  weighs  about,  as  I  recall  it,  sixty-three  times  as 
much  as  the  pressure  of  tne  water  against  the  upstream  space.  That, 
I  think,  should  be  obvious  to  a  layman  or  anybody  else — tnat  that  dam 
could  not  be  pushed  away  as  a  whole. 

Senator  Morgan.  That  would  mean  that  the  pressure  perpendicu- 
larly is  sixteen  times  as  great  as  the  lateral  pressure  of  the  water? 

Mr.  Stearns.  Sixty-three  times. 

Senator  Morgan,  oixtj'^-three  times  as  great? 

Mr.  Stearns.  Your  force  of  gravity  is  sixty-three  times  the  force 
that  gravity  produces  horizontally  from  the  water. 

Senator  Morgan.  There  has  been  a  point  made  there  by  one  engin- 
eer or  two  that  I  just  wanted  to  mention,  and  that  was  that  this  sub- 
stratum of  indur§-ted  clay  was  liable  to  compression  on  account  of  the 
great  weight  upon  it. 

Mr.  Stearns.  I  wish  I  had  a  sample  of  that  indurated  clay  here. 

Senator  Dryden.  We  have  had  one. 

Mr.  Stearns.  I  wonder  if  it  was  from  this  section. 

Senator  Dryden.  I  think  it  was. 

Senator  Hopkins.  Mr.  Bates  brought  it  here.  I  do  not  know  where 
he  got  it. 

The  Chairman.  He  took  it  away  with  him. 

Senator  Kittredge.  He  got  it  down  in  the  Gatun  lock  or  in  the 
hills.     It  was  not  at  the  dam  site. 

Mr.  Stearxs.  I  had  a  core  of  that  at  one  time.  In  fact,  I  saw  many 
of  them,  but  as  one  handles  it  and  looks  at  it  they  would  call  it  roek; 
and  that  is  what  it  is,  a  fine-grained  rock.  I  found  by  taking  my 
knife  that  I  could  cut  it.  It  looks  something  like  a  fine-grained  whet- 
stone, only  it  is  softer  than  the  whetstone  that  you  use. 
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Senator  Drydex.  How  would  that  compare  in  hardness  with  Indiana 
limestone,  which  is  used  for  building  i)urposes? 

Mr.  Stearns.  Oh^  I  do  not  think  it  is  as  hard. 

Senator  Dryden.  That  is  veiy  soft  when  it  is  taken  from  the  quarry. 

Mr.  Stearns.  I  am  not  familiar  with  it. 

Senator  Dryden.  And  it  becomes  harder  with  exposure  to  the  ele- 
ments. 

Senator  Morgan.  That  is,  from  exposure  to  air  and  heat  of  the 
sun,  but  not  to  water? 

Senator  Dryden.  I  suppose  not. 

Mr.  Stearns.  It  would  be  very  nearly  like  some  soapstone  I  have 
seen,  rather  softer,  I  think.     You  can  cut  soapstone  with  a  knife. 

Senator  Knox.  I  tried  it  the  other  day  with  a  knife,  because  it 
looked  exactly  like  soapstone.  1  got  that  impression  when  I  picked 
it  up. 

Mr.  Stearns.  For  any  such  pressures  as  come  here  that  is  just  as 
good  as  the  hardest  rock  that  you  ever  saw,  and  it  gave  the  impression 
of  being  very  compact,  so  it  would  let  no  water  through.  I  should 
not  think  there  would  be  seams  in  it  from  the  appearance  of  the  rock. 
It  could  not  let  water  through  if  there  were  seams. 

The  dam,  I  suppose  it  has  been  stated  to  you,  is  half  a  mile — 2,626 
feet — through.  If  a  dam  can  not  fall  by  the  pressure  of  water  push- 
ing it  away,  as  a  whole,  it  must  fall,  if  at  all,  through  the  water  going 
through  underneath  or  through  the  dam,  and  it  could  not  come  out 
here  [mdicating  on  map]  after  coming  through,  because  this  as  high  as 
the  water  in  the  lake  itself.     Down  here  [indicating] ^ 

Senator  Knox.  Will  you  permit  me  to  suggest  that  when  you  say 
"here,"  and  indicate  on  the  map,  it  will  not  appear  clearly  in  the 
record  as  to  what  point  you  are  indicating^  I  suggest  that  you  spec- 
\fy  distances  and  hgures,  so  that  the  record  will  ^ow  what  you  are 
referring  to. 

Mr.  Stearns.  Yes;  I  can  modify  that,  then. 

Senator  Knox.  Say  the  outside  of  the  dam,  or  whatever  it  is. 

Mr.  Stearns.  Three  hundred  and  seventy-four  feet  from  the  water 
line  the  dam  is  as  high  as  the  water  in  the  lake  and  absolutely  no  water 
can  come  out  at  that  point.  And  at  a  point  halfway  of  the  thickness 
of  the  dam,  the  distance  below  the  water  surface  is  approximately 
about  25  feet,  so  that  water  could  not  come  through  this  material  anci 
corae  up  here.  It  would  come  up,  if  at  all,  away  down  toward  the 
lower  end  of  the  dam,vas  springs. 

Senator  Morgan.  It  would  come  up  at  the  point  of  least  resistance? 

Mr-  Stearns.  Yes,  sir. 

Senator  Morgan.  Wherever  that  might  be  found? 

Mr-  Stearns.  Yes;  and  that  would  be  toward  the  lower  end  of  the 
dam. 
Senator  Morgan.  Probabl3\ 

Mr.  Stearns.  Yes;  probably. 

Senator  Morgan.  Yes. 

Mr.  Stearns.  With  very  little  doubt.  Now,  if  this  is  absolutely 
impervious,  there  would  be  no  water  to  come  out;  but  I  will — — 

Senator  Morgan.  Let  me  ask  you,  if  you  please,  in  these  borings  did 
you  discover  any  coral? 
Mr.  Stearns.  None  at  all. 
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Senator  Morgan.  None  of  them? 

Mr.  Stearns.  Not  at  this  dam  site. 

Senator  Morgan.  Did  you  at  any  other  dam  site  that  you  bored 
across  that  valley? 

Mr.  Stearns.  I  did  not  see  any  boring  that  showed  coral.  I  do  not 
think  there  was  any.  That  is  all  found,  I  think,  down  toward  Colon 
and  Cristobal. 

First,  I  will  take  up  the  point  that  this  is  tight  underneath  here, 
and  there  would  be  no  water.  That,  I  believe,  is  very  well  shown  by 
the  borings,  and  by  one  other  thing  that  I  did  not  mention.  I  had 
particularly  requested,  in  my  communication  to  the  Isthmus — sent 
through  the  proper  parties,  of  course — that  they  take  a  sample  of  the 
material  pumped  up  from  the  boring  hole  in  a  nail,  without  letting 
an}^thing  spill  over  from  the  pail,  so  that  it  would  contain  lK>th  the 
tine  material  and  the  coarse  material. 

Those  samples  are  taken  b^  letting  the  water  run  into  a  pail,  and 
then  letting  it  overtlow,  in  which  case  the  coarse  material  is  obtained 
and  the  tine  material  is  not  preserved.  This  sample  was  taken  as  I 
requested,  and  what  we  saw  in  the  bottom  of  tne  pail  was  sand 
and  fine  material  mixed  with  it,  so  that  one  would  say  it  w&s  practi- 
cally impervious;  and  then  the  la^t  thing  that  settled  in  the  pail  was 
the  fine  clay,  which  left  a  shiny  surface  over  the  whole«thing,  about 
as  vou  see  in  the  bottom  of  a  mud  puddle  in  the  street  after  a  rain, 
and  that  makes  the  bottom  of  the  mud  puddle  pretty  nearly  water- 
tight. But  it  showed  very  clearly,  as  a  smgle  sample,  that  there  was 
this  fine  clay  in  the  material  washed  up  in  sufficient  quantities  to  make 
it  substantially,  if  not  absolutely,  water-tight. 

Senator  Ankeny.  Is  that  surface  mica ?    What  is  that  shinj'  surface? 

Mr.  Stearns.  This  was  all  clay — finely  divided  clay — that  settled  in 
this  pail  of  water. 

Senator  Ankeny.  Is  it  a  mica? 

Mr.  Stearns.  No;  it  is  a  clay;  alumina  or  some  compound  of 
alumina. 

Senator  Kittredge.  From  what  depth  heloy^  the  surface  did  this 
appear? 

Mr.  Stearns.  I  do  not  remember  that  particular  sample. 

Senator  Kittredge.  Do  you  remember  from  what  boring? 

Mr.  Stearns.  I  do  not.  It  was  one  made  so  that  they  should  give 
us  a  characteristic  sample,  and  by  this  separation  which  occurred  from 
the  material  settling  in  the  pail  it  showed  this  very  finely  divided  clay. 

Senator  Kittreixje.  Do  you  know  about  where  the  boring  was  made  ? 

Mr.  Stearns.  It  was  made  on  the  line. of  the  dam. 

Senator  Kittredge.  About  where? 

Mr.  Stearns.  Do  you  remember.  General? 

General  Davis.  I  can  not  recall.     I  remember  the  incident. 

Mr.  Stearns.  I  think  it  was  in  the  valley,  nearest  Gatun,  on  the 
east  side  of  the  central  island. 

General  Davis.  That  is  quite  correct.  I  recall  it  now.  That  is 
where  they  l>egan  that  work.     We  were  there  just  as  they  began  it. 

Senator  Kittredge.  IIow  near  to  the  railway  station  at  Gatun  i 

Mr.  Stearns.  That  would  be  nothing  but  a  guess.  Within  a  thou- 
sand feet  of  it. 

Senator. Kittredge.  That  is  quite  a  distance. 
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Mr.  StearNwS.  That  is  as  nearly  as  I  can  get  at  it.  One  way  of 
determining  the  safety  of  a  dam  of  this  sort  with  respect  to  filtration 
through  the  material  underlying  it  is  by  making  assumptions  that 
instead  of  being  impervious,  that  material  is  a  pervious  material; 
and  then  it  becomes  capable  of  estimation  as  to  how  much  water  will 
pass  through  these  alluvial  sections. 

Suppose  that,  instead  of  the  impervious  material  here,  there  was  a 
fine-grained  medium  sand — I  have  taken  that  as  being  a  medium-sized 
sand — 1  have  made  experiments,  and  they  have  been  made  by  Mr. 
Hazen  also,  as  to  how  much  water  will  pass  through  such  a  sand,  and 
the  computations  showed  that  if  there  were  this  medium  sand,  the 
total  quantity  which  would  pass  through  would  be  10  cubic  feet  a 
second. 

Senator  Kittredge.  Please  state  very  briefly  the  conditions  under 
which  that  test  was  made. 

Mr.  Stearns.  I  shall  be  pleased  to  do  that.  I  thought  I  would  state 
the  results  first. 

Senator  Kittredge.  That  is  all  right. 

Mr.  Stearxs.  The  testimony  that  has  already  been  given  here  as 
regards  this  matter  seems  to  me  to  be  very  incorrect. 

Senator  Morgan.  Whose  testimony  i 

Mr.  Stearns.  Professor  Burr's.  This  is  on  page  1616.  He  says: 
''It  has  been  stated  and  is  stated  in  the  minority  report  that  the  com- 
puted seepage  under  the  Gatun  dam  can  never  exceed  about  10  cubic 
feet  per  second,  and  it  is  said  that  this  is  too  small  a  matter  to  be  the 
cause  of  any  apprehension." 

Now,  the  minority  report  does  not  make  that  statement  at  all.  The 
minority  report  says  on  page  70: 

^*'lf,  however,  a  condition  which  does  not  exist  be  assumed,  and  all 
of  the  alluvial  material  beneath  the  embankment  of  the  dam  were  con- 
sidered to  be  a  clean  and  reasonably  uniform  sand  of  medium  size,  the 
total  amount  of  filtration  would  tlien  be  for  the  whole  length  of  the 
dam  onljr  about  10  cubic  feet  per  second." 

The  minority  says  that  that  filtration  is  insignificant,  and  that  if 
3- ou  assume  a  condition  by  which  that  is  medium  sand  then  it  would 
only  be  10  feet  a  second. 

Senator  Morgan.  What  sand  is  spoken  of  there?  Is  any  material 
of  that  description  found  in  the  indurated  clay  or  in  these  gulches 
that  have  been  mentioned? 

Mr.  Stearns.  The  indurated  clay  is,  in  my  opinion,  absolutely 
water-tight. 

Senator  Morgan.  That  sand  spoken  of  is  not  in  the  indurated  clay  ? 

Mr.  Stearns.  No;  this  is  the  alluvial  material 

Senator  Morgan.  In  the  deposits  upon  it? 

Mr.  Stearns.  That  is  it. 

Now,  if  a  fine  sand  be  assumed,  the  tests  that  I  have  made  show  that 
the  quantity  would  be  2i  cubic  feet  per  second,  and  if  a  very  fine  sand, 
only  two-tenths  of  a  cubic  foot  per  second.  That  is,  taking  assump- 
tions which,  with  the  possible  exception  of  the  last  one,  are  more 
favorable  to  filtration  than  this  actual  material  that  is  here,  then  the 
filtration  would  not  be  aii  amount  that  would  cause  an}'^  upheaval  at 
this  end  to  interfere  with  the  safety  of  the  dam. 

As  to  what  experiments  or  tests  warrant  these  statements,  I  will 
tell  you. 
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Most  of  the  experiments  which  have  been  referred  to  as  laboratory 
experiments  were  made  with  a  ^alvanized-iron  tan^  filled  with  the 
said  or  other  material  to  be  tested,  the  water  being  applied  at  the  top, 
at  a  constant  level,  and  drawn  out  at  the  bottom  through  a  faucet, 
and  with  gravel  uuderdrainage. 

Senator  Kjttredge.  You  are  now  speaking  of  the  conditions  under 
which  the  tests  were  made  which  I  asked  for  a  few  minutes  ago? 

Mr.  Stearns.  Yes.  The  pipes  extended  through  these  tanks, 
through  the  material  which  was  being  tested,  at  two  levels,  3  feet 
apart.  The  faucet  would  be  closed  to  a  considerable  extent,  so  as  to 
cause  the  water  to  back  up  in  these  pipes,  and  the  pipes  being  at  the 
side  of  the  tank  with  a  glass  tube,  so  as  to  show  the  neight  to  which 
the  water  would  rise,  one  of  them  would  show  the  pressure  of  the 
water  at  the  upper  point,  3  feet  above  the  lower  one,  and  the  other 
would  show  the  pressure  of  the  water  at  the  lower  point;  and  the  dif- 
ference in  level  between  the  water  in  the  two  tubes  would  represent 
the  amount  of  resistance  that  3  feet  of  sand  would  otTer  to  the  passa^ 
of  the  quantity  of  water  then  passing;  and  the  water  passing  was 
measured  carefully.  By  opening  or  closing  the  faucet  different  quan- 
tities of  water  could  be  made  to  pass,  and  the  differences  in  amounts 
of  resistance  caused  in  passing  through  3  feet  was  measured.  It  is 
rather  a  hard  matter  to  explain. 

Senator  Kittredge.  When  was  that  test  made? 

Mr.  Stearns.  These  tests  that  are  referred  to  in  this  pamphlet 
were  made  in  1891. 

Senator  Kittredge.  Where  if 

Mr.  Stearns.  They  were  published  in  1891.  The}^  were  made  at 
the  Lawrence  experiment  station  of  the  Massachusetts  State  board  of 
health,  of  which  I  was  chief  engineer. 

Then  another  series  of  experiments  were  made  in  the  same  genei-al 
manner  under  my  charge,  which  covered  a  period  of  two  years,  in 
1895  and  1896,  I  think.  It  may  have  been  a  year  later.  T&ey  were 
made  with  apparatus  of  this  same  kind  and  with  surface  soil  taken 
from  the  ground,  with  gravel,  both  fine  and  coarse,  and  with  sands  of 
four  different  grades,  the  finest  being  very  fine. 

Senator  Kittredge.   Where  were  those  tests  made? , 

Mr.  Stearns.  They  were  made  in  Clinton,  Mass.,  on'the  Metropoli- 
tan waterworks,  of  which  I  was  chief  engineer.  The  te^ts  made  tnere 
confirmed  those  made  at  Lawrence.  There  was  a  Question  whether 
such  tests  would  be  applicable  to  the  horizontal  filtration,  because 
they  are  made  with  the  water  ffoing  down  vertically.  So  I  had  another 
set  of  tests  made  in  a  tank,  a  long  wooden  box  60*  feet  long  and  6  feet 
wide  and  8  feet  high.  That  was  filled  with  the  material  to  be  tested, 
and  the  water  at  one  end  was  supplied  as  it  would  be  at  a  dam.  The 
water  was  raised  8  feet  above  the  bottom  of  the  box,  the  other  end  of 
the  box  being  kept  empty.  As  a  result  we  found  that  the  horizontal 
filtration  of  water  through  the  materials,  or  a  particular  material 
tested,  was  the  same  as  the  vertical  filtration,  showing  that  it  applied 
to  both. 

Senator  Kittredge.  Where  were  those  experiments  made,  you  say? 

Mr.  Stearns.  Thej*^  were  made  at  Clinton,  Mass. 

The  next  test  was  made  to  ascertain  whether  materials  under  a  great 
pressure  would  behave  differently  from  those  under  a  pressure  of  only 
a  few  feet;  and  the  material  to  be  tested  was  put  in  an  iron  pipe,  about 
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10  inches  in  diameter,  and  I  think  about  10  feet  long,  and  a  flange  was 
bolted  on  the  upper  and  lower  ends,  and  the  pressure  due  to  the  water 
supply  ^^  ^^^  town  of  Clinton  was  applied  to  it — something  like  150 
feet  head.  And  the  same  laws  applied  under  150  feet  head  acting 
upon  10  feet  of  material  as  applied  to  these  lower  pressures. 

You  see  I  am  trying  to  show  that  this  is  not  an  engineering  guess; 
but  that  the  engineering  guess  comes  in  in  not  applying  this  informa- 
tion. The  laws  which  are  deduced  are  simple,  and  I  think  can  be 
understood.  The  quantity  of  water  that  will  filter  through  sand  or 
other  material  varies  witK  the  pressure.  That  is,  the  Quantity  that 
would  filter  underneath  the  Gatun  Dam,  if  it  had  in  this  alluvial  valley 
a  porous  material,  is  proportionate  to  the  pressure;  that  is,  with  half 
as  much  pressure  acting  to  force  water  through,  there  would  be  half 
as  much  go  through,  and  so  on.  The  experiments  showed  that  it  was 
directl3"  proportioned  to  the  pressure. 

Now,  as  to  the  resistances;  that  was  also  found  to  be  directly  pro- 
portional to  the  length  of  filtering  material  upon  which  tests  were 
made.  That  is,  if  the  distance  through  this  dam  were  only  one-half 
as  ^reat  as  this  total  distance,  then  there  would  be  onl}'  half  as  much 
resistance  offered  to  the  passage  of  water.  I  think  a  person  would 
naturally  agree  that  that  would  be  the  case,  and  that  is  what  is  found 
by  tests.  That  is,  if  it  filters  one-half  the  distance,  it  will  filter  with 
the  same  head  of  water  twice  as  fast. 

Putting  those  things  together  in  what  an  engineer  would  call  a 
formula  means  that  the  quantity  of  water  which  will  filter  beneath  any 
dam  or  through  any  other  material  is  proportional  to  the  water  pres- 
sure divided  by  the  length  throujfh  which  it  filters.  That  is,  the 
amount  that  would  filter  m  a  case  like  this,  in  comparing  with  another 
dam,  is  85  feet  divided  by  this  total  length,  or,  leaving  out  a  little  at 
each  end,  it  would  mean  that  it  was  a  pressure  of  *t  to  every  100  feet 
of  resistance.  That  is  because  the  relation  of  this  depth  to  the  resist- 
ing length  is  four  to  a  hundred,  approximately. 

It  is  rather  less  than  that,  but  it  is  convenient  to  call  it  four  to  a 
hundred.  And  the  fact  of  this  85  feet  head  here  is  not  important 
without  one  also  takes  into  account  the  distance  through.  That  is  the 
one  thing  that  needs  to  be  considered  for  filtration,  the  filtration  of 
four  pressure  against  one  hundred  of  resistance,  and  it  would  be  the 
same,  substantially,  as  a  dam  100  feet  thick  and  with  4  feet  of  water 
against  it,  or  200  feet  thick  with  8  feet  of  water  against  it.  I  do  not 
know  whether  I  have  made  myself  clear,  but  the  result  of  that  experi- 
ment and  of  using  common  sense  is  that  the  Quantity  of  water  which 
will  filter  through  any  dam  can  be  diminisned  almost  at  will  by 
increasing  the  thickness  of  the  dam. 

To  sum  up  what  I  am  saying,  that  even  if  that  were  a  porous  sand 
of  medium  size  there  would  not  enough  water  come  through  here  to 
disturb  the  dam;  and  the  material  is  shown  conclusively  by  the  borings 
to  have  ^o  much  fine  material  in  it  that  it  would  not  filter  one  five-hun- 
dredth part  of  what  medium  sand  would  filter. 

I  have  not  attempted  to  go  into  the  other  laws  deduced  by  experi- 
ments, but  1  will  say  a  word  or  two.  It  is  the  finer  particles  in  a  sand 
or  gravel  that  govern  the  amount  of  filtration,  and  not  the  average 
size  of  the  whole  mass.  If  there  are  10  per  cent  of  fine  particles,  it 
ha.s  been  found  that  that  governs  the  filtration. 

In  the  experiments  which  I  made  myself 
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Senator  Kittredge.  You  now  refer  to  the  experiments  which  you 
have  already  mentioned? 

Mr.  Stearns.  Yes;  at  Clinton.  These  were  the  results:  A  soil,  or 
surface  loam  taken  from  gravelly  and  sandy  territory,  and  used  for  an 
experiment,  would  let  through  a  quantity  which  I  will  call  unity — 1. 
VeiT  fine  sand,  of  which  I  had  a  sample  and  failed  to  bring  it  nere, 
would  let  through  14;  a  fine  sand,  176— that  is,  176  times  as  much  as 
soil,  which  is  taken  as  the  unit — the  medium  sand,  which  I  have  been 
using  for  the  purpose  of  this  illustration,  let  through  784  times  as 
much  as  the  surfac^e  soil;  and  the  coarse  sand,  which  was  of  uniform 
grade,  let  through  4,353  times  as  much  as  the  surface  soil. 

Now,  this  material  is,  with  its  tine  clay,  comparable  with  that  sur- 
face soil  alone,  which  had  the  fine  particles  or  what  the  geologists 
would  call  rock  flour  in  it,  and  also  some  organic  matter  which  is  in 
the  top  soil.  That  is,  the  quantity  that  filters  varies  as  the  square  of 
the  diameters  of  the  finer  particles,  and  that  is  the  way  it  works  out 
in  practice. 

The  Chairman.  You  are  getting  beyond  our  depth,  now,  Mr. 
Stearns.     [Laughter.] 

Mr.  Stearns.  1  am  going  to  say  just  one  other  thing  that  you  can 
appreciate. 

1  built  an  experimental  dike  in  this  large  wooden  tank  that  I  spoke  of. 

Senator  Kittredge.  The  Clinton  experiment? 

Mr.  Stearns.  At  Clinton,  yes;  and  raised  the  water  8  feet  against 
that  dike  made  of  this  material  taken  from  the  surface  of  the  ground. 
That  is  the  section  of  the  experiment  [exhibiting  section  shown  in 
pamphlet].  The  water  that  passed  through  that  dike  was  so  small  in 
quantity  that  it  would  not  run  in  a  stream  from  the  end.  As  I  remem- 
ber, it  was  dripping  into  a  bottle,  when  I  saw  it,  at  the  rate — well,  I 
think  it  was  30  drops  a  minute;  I  will  not  stop  to  look  it  up;  but  it 
was  fvhat  a  man  would  call  water-tight.  Perhaps  the  experiaienter 
would  say  it  was  filtering  at  the  rate  of  about  a  bottle  full  in  half  a 
day,  I  thmk. 

Senator  Morgan.  If  you  have  come  to  a  point  in  your  statement 
where  you  wish  to  take  up  a  new  subject,  1  want  to  ask  you,  before 
you  proceed  to  it,  a  question  or  two  about  that  map. 

Mr.  Stearns.  I  have  still  something  more  to  say 

Senator  Morgan.  Go  ahead,  then. 

Mr.  Stearns.  I  will  try  not  to  be  as  technical  as  I  have  been. 

It  has  been  stated  in  the  testimony  of  Professor  Burr,  on  page  1540, 
that  dams  had  failed,  and  he  said  that  there  were  numerous  instances. 
He  was  asked  to  give  one  or  two  instances,  and  he  mentioned  the  fail- 
ure of  the  Mill  River  reservoir  dam  at  Williamsburg,  Mass.  This 
dam,  built  in  1865,  failed  in  1874,  at  a  time  when  the  water  was  -k  feet 
below  the  top,  and  it  failed  by  the  sloughing  or  caving  of  the  lower 
end  of  the  dam.  A  committee  of  the  American  Society  of  Civil  Engi- 
neers was  appointed  and  investigated  the  failure.  Ihey  found  that 
there  was  a  specification  which  was  not  signed,  and  they  could  not  find 
that  there  was  any  engineer  responsible  for  the  design  or  construction 
of  the  dam. 

The  dam  was  an  earth  embankment  with  a  core  wall  16  feet  wide  on 
top,  with  side  slopes  of  li  horizontal  to  1  vertical.  This  is  25  horizon- 
tal to  1  vertical.  The  masonry  core  wall  was  2  feet  in  thickness  at  the 
top  and  5  feet  9  inches  in  thickness  at  the  bottom.     It  was  built  in  dry 
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stone  and  grouted,  a  way  that  engineers  would  not  build  it  now.  At 
the  site  of  the  dam  there  was  said  to  be  by  this  committee  a  washed 
porous  gravel,  and  below  that  hardpan.  I'he  specifications  required 
that  the  core  wall  should  go  3  feet  into  the  ground,  so  that  it  would 
not  settle,  but  said  nothing  about  carrying  it  down  to  the  hardpan, 
which  was  only  a  few  feet  lower,  so  that  it  would  cut  off  the  water. 

They  did  not  seem  to  appreciate  the  purpose  of  a  core  wall;  and 
they  found  that  it  was  not  carried  down  to  the  hardpan,  but  rested 
on  this  porous  gravel.  The  slopes  of  the  dam  were  found  to  be  alto- 
gether too  steep  for  safety.  They  were  onl}'  H  horizontal  to  1  ver- 
tical; and  that  is  about  the  slope  that  gravel  when  dumped  naturally 
takes  itself.  It  is  somewhere  between  1  and  li  to  1;  so  that  it  had 
not  much  nore  than  the  stability  required  to  prevent  it  from  sliding 
off  on  the  downstream  side  itself;  and  the  water  pressure  and  the 
water  leaking  through  this  dam,  together  with  the  tendency  of  the 
earth,  to  take  a  Matter  slope,  caused  it  to  slough  and  go  away.  I  have 
a  section  here  which  I  wdl  show  you. 

Senator  Morgan.  What  was  the  depth  of  the  water? 

Mr.  Stearns.  Thirty-nine  feet.  It  was  4  feet  below  the  top  of  the 
dam  and  had  been  somewhat  higher.  It  seems  to  me  if  there  is  any 
lesson  taught  by  that  dam  it  is  that  an  entirely  inadequate  dam,  built 
without  engineering  supervision  and  without  engineering  designs, 
stood  for  nine  years  before  it  failed.     I  have  here  a  section  of  the  dam. 

Senator  Kittredge.  This  dam  of  which  you  are  speaking? 

Mr.  Stearns.  Yes.  I  had  this  prepared  this  morning.  (Mr. 
Stearns  thereupon  proceeded  to  compare  the  section  just  referred  to 
with  the  section  or  the  Gatun  dam  which  was  exhibited  before  the 
committee.) 

The  comparison  between  the  two  dams,  if  this  had  been  made  so  as 
to  show  39  feet  depth  of  water,  would  not  have  been  easily  made,  and 
therefore  I  have  enlarged  this  section  proportionately.  It  has  the  true 
proportions,  but  it  has  been  enlarged  in  the  proportion  of  S5  to  39  to 
show  what  it  would  be  if  built  to  these  same  proportions,  but  with 
the  water  against  it  that  is  to  be  against  the  Gatun  dam.  That  is  the 
relative  size  of  this  dam,  which  is  brought  here  as  an  instance,  out  of 
many,  as  to  a  dam  that  has  failed,  which  might  serve  as  a  precedent 
for  the  failure  of  this  dam. 

Senator  Morgan.  Is  that  a  rock  core  where  your  finger  rests? 

Mr.  Stearns.  Yes,  sir;  that  was  built  of  rubble  and  grouted  as  they 
call  it.  That  is,  they  built  up  rubble-stone  dry  first,  without  any 
mortar,  and  then  they  poured  in  this  mortar.  Sometimes  it  fills  the 
openings,  and  sometimes  it  does  not.  When  it  is  not  built  under 
inspection 

^nator  Morgan.  That  was  the  only  core  in  the  dam? 

Mr.  Stearns.  Yes;  and  that  did  not  go  down  to  the  impervious 
material,  so  that  the  water  had  a  pretty  free  opportunity  to  come 
through  here,  and  this  gradient  from  here  down  to  here  [indicating  on 
section],  instead  of  being  4  in  100,  would  be,  I  should  say,  40  to  100. 

Senator  Morgan.  At  what  point  did  the  break  commence? 

Mr.  Stearns.  This  slid  off  [indicating].  I  think  the  water  came 
through  and  saturated  this  material,  and  it  would  not  stand  at  that  very 
steep  angle. 

Senator  Kittredge.  Came  through  where? 

Mr.  Stearns.  Underneath  this  wall,  and  probably  through  it  also. 

EXG  I  c— OG 34 
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Senator  Kittredge.  You  mean  below  the  foundation) 

Mr.  Stearns.  Partly  below  the  foundation,  as  this  was  built  with 
porous  gravel,  the  whole  dam,  according  to  the  statement  of  the  com- 
mittee of  the  American  Society  of  Civil  Engineers. 

Senator  Kittredge.  Did  it  go  through  the  rock  core  or  did  it  go 
under  the  dam? 

Mr.  Stearns.  I  have  no  exact  knowledge  of  that;  but  I  should 
assume  that  it  would  go  through  the  core  in  places,  because  that  rock 
core,  built  as  it  wa«  built,  would  not  have  been  water-tight. 

Senator  Kittredge.  Did  the  engineers  make  a  report  on  that  fea- 
ture? 

Mr.  Stearns.  The}^  did  not;  but  they  did  make  a  report  that  it  bad 
been  built  in  this  way,  by  which  it  would  not  be  water-tight  entirely. 

Senator  Dryden.  Did  you  say  that  the  specifications  were  not  orig- 
inally drawn  by  engineers  i 

Mr.  Stearns.  They  said  that  they  could  trace  those  specitieations 
to  an  engineer,  whose  name  they  gave,  in  Connecticut,  but  that  he 
said  that  ne  acted  only  as  an  attorney  for  the  owners  in  writing  them 
out,  and  that  he  wrote  them  just  a«  they  said  to  write  them;  that  is, 
I  presume,  as  far  as  the  dimensions  and  general  features  of  the  dam 
were  concerned. 

Senator  Dryden.  Was  the  construction  of  it  under  the  supervision 
of  engineers? 

Mr.  Stearns.  It  was  stated  by  the  committee  that  it  was  not.  They 
said  that  they  could  not  find  that  any  engineer  was  ever  responsible  for 
either  the  design  or  the  construction. 

Senator  Morgan.  Notwithstanding  all  that,  it  stopd  for  nine  yeai-s? 

Mr.  Stearns.  Yes,  sir. 

Senator  Taliaferro.  What  is  that  ridge  on  the  side  of  that  dam? 

Mr.  Stearns.  That  would  be  dump  of  rock,  out  there  about 

Senator  Taliaferro.  Abput  the  water  line? 

Mr.  Stearns.  So  that  the  waves  coming  against  it  will  not  eat  awav 
the  material  of  the  dam.  This  lake  will  always  be  at  a  constant  level, 
or  nearly  so,  within  3  or  4  feet,  and  that  is  put  there  so  that  the  waves 
will  not  eat  away  the  material. 

Senator  Taliaferro.  Does  that  extend  along  the  entire  inner  face 
of  the  dam  ? 

Mr.  Stearns.  Yes. 

Senator  Morgan.  If  you  are  through  with  3'our  other  statement,  I 
would  like  to  examine  you  about  that  map. 

Senator  Hopkins.  Senator,  please  let  him  go  on  until  he  finishes 
this,  first. 

Senator  Morgan.  I  had  asked  him  to  do  that  very  thing,  if  you  will 
take  notice  of  what  1  said. 

Mr.  Stearns.  1  have  some  more  comparisons  to  make  with  dams 
that  are  under  construction   now,  to  show  that  the  factor  of  safety 

F)rovided  for  this  dam  exceeds  that  of  dams  now  being  built  b^  others 
exhibiting  section  of  damj.  That  is  the  Belle  Fourche  dam,  m  South 
Dakota,  for  which  I  think  they  advertised  for  contracts,  and  I  think 
it  has  been  let  to  contractors. 

Senator  Kittredge.  Do  you  know  what  sort  of  a  foundation  that 
dam  has? 
Mr.  Stearns.  Yes. 
Senator  Kittredge.  What  is  it? 
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Mr.  Stearns.  Clay. 

Senator  Kittredge.  No,  sir;  it  goes  down  to  solid  rock. 

Mr.  Stearns.  I  think  you  are  mistaken,  sir.  I  will  get  the  specifi- 
cations if  you  wish;  but  I  have  read  a  complete  description  of  it  bv 
the  engineer,  recently.  I  have  also  the  plans  here,  which  show  that  it 
does  not. 

Perhaps  I  had  better  continue  my  description  first.  That  is  a  sec- 
tion taken  from  the  contract  plan  at  a  place  where  the  depth  of  water 
is  73  feet  as  against  85  feet  for  this  Gatun  dam. 

Senator  Dryden.  Is  the  dam  on  the  same  scale  as  this  proposed 
Oatun  dam? 

Mr.  Stearns.  It  is.  The  material  underneath  that  dam  is  said  to  be 
an  adobe  clay  except  at  the  point  where  a  creek  passes.  I  think  that 
is  sufficient,  if  you  have  all  seen  the  relative  size  of  that  to  the  Gatun 
dam. 

Senator  Hopkins.  That  dam  is  drawn  to  the  same  scale  as  the  Gatun 
dam,  is  it  ? 

Mr.  Stearns.  It  is  drawn  to  the  same  scale,  but  it  has  73  feet  of 
water  against  it  instead  of  85.  I  have  here  the  profile  of  the  valley 
of  the  dam  site,  which  I  will  leave  with  the  committee.  It  shows  the 
borings  which  have  been  made  through  the  earth  down  to  what  is 
called  soft  shale  rock.  This  plan  does  not  show  the  material  that  was 
encountered  by  those  borings,  but  I  have  seen  it  elsewhere  stated  as 
being  adobe  clay,  except  in  the  vicinity  of  the  brook,  where  there  was 
some  gravel,  and  that  it  was  intended  to  remove 

Senator  Kittredge.  To  what  depth? 

Mr.  Stearns.  To  remove  the  gravel  entirely  at  this  creek,  where  it 
is  to  be  found;  but  otherwise  it  is  intended  to  make  only  a  small  cut, 
which  is  10  feet  horizontallj'^  in  width  and  something  like  6  feet 
deep  below  the  center  of  the  dam,  and  also  to  take  off  from  the  present 
surface  the  soil.  The  amount  of  cutting  is  indicated,  and  is  not  to  go 
to  the  rock,  nor  is  there  to  be  any  core  wall  of  any  kind.  This  dam, 
by  the  way,  is  about  1  mile  in  length. 

The  Chairman.  Is  that  an  entirely  earth  dam  ? 

Mr.  Stearns.  Yes,  sir;  formed  whoU}'  of  earth,  to  be  put  on  and 
rolled  in  layers.  There  is,  however,  on  the  upstream  side  to  be  a  pro- 
tection of  concrete  against  the  water,  so  that  the  water  will  not  wash 
the  earth  away.  That  is  one  of  the  designs  of  the  reclamation  service, 
passed  upon  by  a  number  of  engineers  whose  names  are  given;  and 
they  have  good  engineers  on  the  reclamation  sen^ice,  andl  have  no 
doubt  the  dam  is  safe;  but  it  has  not  the  factor  of  safety  that  has  been 
given  to  this  other  one. 

Senator  Drtden.  How  large  a  body  of  water  presses  against  that 
dam?  The  question  I  would  like  to  ask  is:  What  effect  does  the  size  of 
a  body  of  water  have  upon  the  width  of  the  dam'i 

Mr-  Stearns.  The  size  of  the  body  of  water  has  absolutely  no  effect. 
It  i??  wholly  a  question  of  depth.  If  you  had  the  Atlantic  Ocean  push- 
ing against  the  dam,  it  would  have  no  more  pressure  than  a  small  mill 
pond.  There  is  a  matter  that  has  to  be  taken  into  account  sometimes, 
that  if  the  dam  breaks  or  gives  way  it  may  produce  more  disaster 
beneath,  but  it  will  not  put  any  greater  pressure  upon  the  dam. 

Senator  Knox.  It  is  that  law  of  hyarostaties  that  saves  Holland 
from  being  submerged,  is  it  not?  The  dikes  there  hold  back  the  whole 
ocean? 
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Mr.  Stearns.  Yes. 

1  have  one  or  two  other  comparisons  with  existing  dams  which  I 
would  like  to  show  you. 

Senator  Hopkins.  Before  you  leave  that  Dakota  dam,  it  happens 
that  one  of  the  members  of  this  committee  represents  South  Dakota, 
and  I  judge  from  his  suggestion  that  he  did  not  agree  with  the  state- 
ment that  3'ou  made  that  that  dam  is  upon  cla3%  but  he  thinks  it  is 
upon  rock.  Now,  what  evidence  have  you  to  support  your  statement 
to  the  committee  ? 

Mr.  Stearns.  Here  is  a  profile  of  the  valley,  with  the  borings  going 
down  through  the  earth  to  the  rock. 

Senator  Hopkins.  And  that  map  which  you  have  there  shows  what, 
with  respect  to  the  material  upon  which  the  dam  is  located? 

Mr.  Stearns.  It  does  not  tell  the  character  of  the  material.  I  have 
read  that  elsewhere,  that  it  is  this  adobe  clay.  That  is  the  statement  I 
read,  not  in  an  official  report,  because  I  have  not  seen  one,  but  in  an 
article  written  by  one  of  the  engineers  connected  with  the  dam  for  the 
engineering  papers.  And  that  is  the  inference  that  I  would  draw*  from 
this  profile  here,  in  which  it  shows  these  borings  going  down  through, 
and  by  the  ordinarv  methods  of  showing  such  things,  the  surface  of 
the  rock  at  a  considerable  distance  below  the  surface  of  the  ground. 

Senator  Morgan.  That  South  Dakota  dam  is  still  standing? 

Senator  Kittredge.  It  is  not  completed  yet. 

Mr.  Stearns.  It  is  not  yet  built. 

Senator  Morgan.  Oh  I 

Mr.  Stearns.  This  is  a  recent  design. 

Senator  Morgan.  That  is  a  conjecture,  then? 

Mr.  Stearns.  I  am  exhibiting  that  in  connection  with  the  state- 
ment that  good  engineers  have  designed  a  dam  that  has  a  much  smaller 
section  than  this  Gatun  dam,  ss  indicated  there.  I  would  not  say  .that 
it  would  be  equally  safe  to  j>lace  that  dam  on  this  Gatun  foundation, 
because  that  dam  is  to  be  built  without  having  any  subsequent  settle- 
ment. It  would  not  be  safe  to  place  that  up  here,  and  yet  that  is  a 
comparatively  small  barrier  that  is  to  be  placed  by  good  engineers  to 
stand  a  large  pressure  of  water. 

Senator  Hopkins.  A  head  of  73  feet? 

Mr.  Stearns.  Yes. 

Senator  Morgan.  Are  you  prepared  to  give  your  adherence  to  the- 
statement  that  that  dam  is  permanent  and  will  stay  there  if 

Mr.  Stearns.  Yes;  with  the  materials  as  I  understand  them  to  be. 
That  dam  has  a  head  of  only  100  feet  at  the  extreme  bottom  of  the- 
creek. 

Senator  Morgan.  That  dam  has  an  earth  core  through  it,  has  it^ 

Mr.  Stearns.   Yes;  that  has  an  earth  core. 

Senator  Morgan.  And  the  dam  that  you  are  now  exhibiting  ha*? 
been  constructed  'i 

Mr.  Stearns.  It  has. 

Senator  Morgan.  And  by  the  sluicing  process,  except  the  earth 
core  ? 

Mr.  Stearns.  That  is  the  statement  that  was  made,  that  that  was 
conducted  by  the  sluicing  process,  but  I  think  there  is  some  Question 
as  to  whether  more  than  a  part  of  it  was  so  constructed.  I  know  it 
was  in  part.  The  dam  is  the  San  Leadro  dam  of  the  water  company 
which  supplies  water  to  Oakland,   Cal.,   and  it  has  a  height  of  1^<> 
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feet,  and  the  depth  of  water  is  about  115  feet.  It  is  120  feet  for 
the  full  height  of  the  dam,  and  1  know  the  water  rises  nearly  to  the 
top  of  it. 

Senator  Morgan.  About  what  is  the  width  of  the  dam  'i 

Mr.  Stearns.  Through  from  the  water  side  to  the  downstream 
side,  do  you  mean? 

Senator  Morgan.  No;  right  across  it. 

Mr.  Stearns.  I  do  not  know.  I  only  know  this  cross  section.  This 
is  the  highest  part  of  the  dam.  It  is  the  highest  earth  dam  in  the 
world,  so  far  as  I  am  aware.  It  has  a  great  deal  more  water  against 
it  than  the  proposed  Gatun  dam  will  have,  and  yet  it  is  not  nearly  as 
massive. 

Senator  Hopkins.  What  is  the  height  of  that  dam  ? 

Senator  Knox.  He  has  just  stated. 

Senator  Hopkins.  I  was  outside  and  did  not  hear  it. 

Mr.  Stearns.  One  hundred  and  twenty  feet,  with  substantially  115 
feet  of  water  against  it. 

Senator  Hopkins.  Yes.  , 

Senator  Dryden.  There  is  no  stone  used  in  the  construction  of 
that  dam? 

Mr.  Stearns.  Not  at  all.     They  put  in  selected  earth  in  the  center. 

Senator  Dryden.  What  do  you  mean  by  '^constructed  by  the  sluic- 
ing process? "     I  do  not  understand  that. 

Mr.  Stearns.  It  is  a  process  that  is  used  in  the  West  and  California — 
a  good  deal  similar  to  the  hydraulic  process  of  mining  in  gravel  beds; 
that  is,  a  large  hose  is  directed  against  some  bank  of  earth,  and  the 
water  and  earth  running  down  together  are  put  into  wooden  sluices 
and  carried  on  a  down  grade  to  the  place  where  they  wish  to  make  a 
till,  and  they  build  a  small  embankment,  and  then  this  sluiced  material 
would  be  run  into  a  pool  of  water,  where  the  material  would  have  time 
to  settle,  and  then  the  clear  water  would  run  off,  leaving  the  material 
in  the  dam,  and  that  is  the  process  which  is  proposed  for  the  construc- 
tion of  the  (ratun  dam,  except  that  in  that  case  the  water  would  not 
be  brought  down  through  sluices  by  gravity,  but  would  be  pumpi^d  up 
by  these  pumping  dredges,  such  as  those  used  on  the-^ 

Senator  Morgan.  Like  those  that  Mr.  Bates  is  using  at  Galveston? 

Mr.  Stearns.  Yes;  that  same  idea.  A  dam  would  be  built  down 
here  somewhere — a  low  dam — and  the  dredges  working  below  would 
pump  the  material  over,  and  then  it  would  settle,  the  coarser  materials 
out  here  and  the  finer  materials  running  up  in  this  direction  [indicat- 
ing on  map]. 

Senator  Dryden.  That  material  would  run  by  gravity  ? 

Mr.  Stearns.  Yes,  sir;  if  it  only  went  a  short  distance  at  first  they 
would  keep  extending  their  pipe  and  have  a  small  dam  so  that  the 
water  could  not  go  back  in  this  direction  [indicating  on  map],  and  the 
material  would  be  deposited  in  the  dam,  making  a  very  compact 
embankment;  and  it  would  be  feasible  to  get  the  tiner  materials  up 
toward  the  upper  end  of  the  dam,  where  the  water-tightness  is  espe- 
cially desirea.  It  could  be  controlled  in  an}^  way  they  wished,  to 
deposit  the  material  almost  anywhere,  and  the  material  to  be  taken 
^rom  the  canal  below  Gratun  is  of  a  very  good  character  for  that  pur- 
pose. It  is  composed  of  sand  and  clay  for  the  most  part,  and  that  is 
good  material  to  pump;  that  is,  there  are  enough  tine  particles  of  clay 
to  fill  the  interstices  m  the  sand. 
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Senator  Morgan.  Is  that  material  obtained  in  the  sea,  any  of  it? 

Mr.  Steabns.  Out  in  the  harbor  I  think  the  material  is  much  finer^ 
and  would  not  be  as  good. 

Senator  Morgan,  is  the  material  to  be  obtained  from  the  harbor? 

Mr.  Stearns.  No;  it  would  be  obtained  from  the  canal  between 
the  Gatun  locks  and  the  sea — and  Limon  Bay.  The  minority  report 
proposes  building  a  canal  500  feet  wide  there,  for  several  miles,  and 
that  would  furnish  the  material.  If  it  did  not  thev  would  make  it 
more  than  500  feet  wide — enough  to  get  all  the  matiBrial  desired  for 
this  dam  up  to  about  the  water  level. 

Senator  Morgan.  That  is  not  the  sluicing  process,  though? 

Mr.  Stearns.  It  is  exactly  the  same,  except  in  one  case  the  water 
runs  down  by  gravity  and  in  the  other  it  would  be  pumped  up  from 
the  sea. 

Senator  Morgan.  It  would  be  pumped  entirely,  though? 

Mr.  Stearns.  I  should  say  that  there  would  be  two  jjrocesses,  prob- 
ably: First,  for  the  more  distant  points,  the  dredging  into  scows,  and 
then  bringing  the  scows  up  to  the  lower  side  of  the  (lam  and  dumping 
the  material;  and  then  applying  the  pumps  and  dredging  and  pumping 
it  up  into  the  dam. 

Senator  Morgan.  The  great  body  of  the  dam  there  is — one  hundi-ed 
and  how  many  feet  is  it  i 

Mr.  Stearns.  One  hundred  and  thirtj'-five  feet,  in  all;  but  that 
process  would  not  be  carried  above  80  feet,  say. 

Senator  Morgan.  The  great  body  of  the  dam  leading  down  to  the 
bottom  of  that  yellow  on  the  map  there  would  be  formed  of  material 
brought  down  the  river? 

Mr.  Stearns.  No.  Of  course  the  engineers  that  have  the  work  in 
charge  can  do  as  they  please,  because  clayey  material  brought  down 
there  from  a  part  of  the  Culebra  Cut  woulH  be  satisfactory  for  the 
construction  of  a  dam;  but  it  was  thought  that  it  could  he  put  in 
cheaper  and  better  to  take  the  material  from  the  canal  between  the 
Gatun  locks  and  Limon  Bay  and  pump  it  up  into  this  dam  from  some 
such  level  as  this. 

Senator  Morgan.  You  take  it  from  the  body  of  the  earth  and  put 
it  on  barges,  and  then  put  your  pumps  on  the  barges  and  pump  it  into 
this  dam? 

Mr.  Stearns.  That  might  be  done. 

Senator  Morgan.  What  better  plan  is  there  than  that? 

Mr.  Stearns.  The  other  plan  tnat  I  suggested  was  to  put  it  in  the 
barges  that  had  a  hopper,  so  that  they  would  dump  just  below  the 
Gatun  dam  and  have  a  pumping  drecfge  constantly  stationed  down 
there,  which  would  be  pumping  through  pipes  up  into  the  dam. 

Senator  Morgan.  It  would  have  to  be  nandled  twice,  then  ? 

Mr.  Stearns.  Yes. 

Senator  Morgan.  It  would  have  to  be  put  on  the  barge  first,  and 
then  it  would  have  to  be  pumped  into  the  aam  afterwards  f 

Mr.  Stearns.  Yes;  but  two  results  are  produced:  One  is  that  you 
are  digging  a  canal,  and  the  other  is  that  you  are  building  a  dam  with 
the  same  material;  so  that  one  charge  might  be  placed  against  the  dig- 

¥ing  of  the  canal  and  the  other  charge  against  the  building  of  the  dam. 
hat  is  the  way  we  estimate  it. 
I  have  still  another  plan  here  for  comparison. 
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Senator  Hopkins.  What  is  the  length  of  that  dam  that  you  are  just 
leaving  there? 

Mr.  Stearns.  1  do  not  know  the  length. 

Senator  Morgan.  Is  that  the  dam  that  supplies  San  Francisco  with 
waters 

Mr.  Stearns.  That  is  not  that  dam.  It  is  the  Pilarcitos  dam,  and 
the  depth  is  almost  exactly  85  feet,  the  same  as  it  will  be  at  the 
Gatun  dam. 

Senator  Morgan.  What  is  that  central  core  there — earth? 

Mr.  Stearns.  No;  that  was  carefully  selected  clay. 

Senator  Morgan.  Clay  'i  * 

Mr.  Stearns.  Yes;  and  it  is  carried  down  to  the  rock,  and  a  con- 
nection there  made  with  the  rock;  and  yet  you  see  the  size  of  the 
mass  of  earth — because  that  clay  in  the  center  is  earth,  as  well  as  the 
rest — which  sustains  85  feet  of  water. 

Senator  Morgan.  What  is  that  serrated,  salmon-colored,  underlying 
base? 

Mr.  Stearns.  That  was  marked  on  the  plan  I  had  as  gravel,  but  as 
I  have  seen  it  on  the  ground,  I  think  it  is  more  nearly  clay.  I  have 
seen  this  dam.     B}^  the  way,  it  is  perfectly  water-tight. 

Senator  Morgan.  What  is  the  material  lying  above  that  stratum? 

Mr.  Stearns.  The  lower  mark  there? 

Senator  Morgan.  Above  that;  that  mountain  there,  or  that  hill? 

Mr.  Stearns.  This  is  composed  of  clay,  all  of  it. 

Senator  Morgan.  Hauled  m  or  sluiced  in? 

Mr.  Stearns.  Hauled  in.  It  was  selected  clay,  but  not  as  good  as 
this  which  was  put  in  the  center,  which  was  carefully  selected  and 
puddled. 

Senator  Morgan.  What  is  the  depth  of  the  water  on  that  dam? 

Mr.  Stearns.  Eightv-five  feet. 

Senator  Morgan.  What  is  the  width  of  the  dam  ? 

Mr.  Stearns.  1  should  sa}^  from  memorv,  that  it  was  about  1,200 
feet. 

Senator  Morgan.  There  is  no  weir  in  it,  or  wasteway  ? 

Mr.  Stearns.  Oh,  yes.  Not  in  this  section  of  it,  but  in  another 
part,  cut  through  the^  rock,  so  that  it  would  not  interfere  with  this 
earth  portion  of  the  dam.     Thev  should  be  kept  entirelv  separate. 

Senator  Morgan.  How  lon^  Las  that  dam  been  standing? 

Mr.  Stearns.  It  was  built  m  1865. 

Senator  Morgan.  Has  it  ever  had  to  be  replaced  or  repaired? 

Mr.  Stearns.  It  was  not  built  to  that  height  in  1865,  but  was  added 
to,  so  that  this  is  a  larger  dam  than  the  original  dam.  I  think  the 
original  dam  was  20  feet  lower. 

Senator  Morgan.  They  raised  the  head  of  water? 

Mr.  Stearns.  Yes,  sir;  and  there  was  some  trouble  at  the  connec- 
tion of  the  core  wall  with  the  rock.  I  say  core  wall;  I  mean  the  clay 
core. 

Senator  Morgan.  Yes. 

Sir.  Stearns.  At  one  end;  and  the}' dug  down  there  and  repaired  it, 
and  at  the  present  time  it  does  not  leak  at  all.     There  were  some  leaks. 

Senator  Morgan.  Before  it  was  repaired  it  had  leaked  ? 

Mr.  Stearns.  Yes. 

Senator  Morgan.  But  had  not  washed  away  ? 

Mr.  Stearns.  That  is  correct. 
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Senator  Taliaferro.  What  is  the  height  of  that  dam  ? 

Mr.  Stearns/ About  95  feet,  for  the  neight  of  the  dam  iteelf  above 
the  ground,  and  85  feet  of  water  against  it. 

Then,  on  the  San  Francisco  waterworks,  another  dam,  the  San 
Andres  dam,  which  is  almost  exactl}'  of  the  same  dimensions,  wa^ 
built  several  years  later,  and  it  has  never  given  any  trouble,  and  is 
absolutely  water-tight,  a^  far  as  one  can  see. 

There  are,  of  course,  many  other  large  dams,  but  1  think  this  is 
sufficient  for  showing  bow  much  smaller  the  dams  are  which  actually 
hold  water  under  the  same  head  than  that  which  is  proposed.  There 
is  no  doubt  that  the  dam  as  proposed  has  from  two  to  three  times  the 
dimensions  that  are  necessary  in  that  place  for  merely  holding  water. 
But  the  subject  of  dams  has  been  under  discussion  so  much  at  Panama 
that  they  are  looked  at  with  a  magnifying  glass,  and  besides  that  it 
seems  worth  while,  within  reasonable  limits  of  cost,  to  make  it  abso- 
lutely safe,  and  also  so  enormous  in  size  that  an  enemy  or  a  mob 
coul^  not  quickl}'  destroy  it  b}'  making  the  water  run  over  the  top. 

Senator  Morgan.  I  do  not  think  any  enemy  will  ever  attack  the 
canal  on  either  side.  It  would  be  a  foolish  admiral  who  would  take  a 
fleet  into  that  place  to  fight. 

Senator  Hopkins.  You  do  not  look  for  a  naval  engagement,  then, 
in  the  canal  itself?     (Laughter.) 

Mr.  Stearns.  No,  sir.  I  would  like  to  make  a  reference  to  one 
other  point  in  the  tests  of  filtration  that  is  not  exactly  a  laboratory 
experiment,  if  I  may  do  so. 

The  Chairman.  We  would  like  to  have  you  give  us  all  the  informa- 
tion you  can,  to-day,  Mr.  Stearns. 

Senator  Morgan.  I  wanted  to  ask  him  a  few  questions  on  this  map, 
and  this  blueprint. 

Mr.  Stearns,  If  you  will  let  me  proceed  just  a  moment,  Senator, 
this  is  a  very  short  statement. 

Senator  Morgan.  Yes. 

Mr.  Stearns.  I  have  said  that  in  the  north  dike  which  I  have  built, 
the  dam  which  1  have  built  which  is  so  similar  to  this  Gatun  dam,  the 
water  has  not  risen  to  the  full  height  against  it  so  as  to  give  the  05- 
foot  pressure  that  is  expected.  It  ha^,  however,  risen  one-third  of  * 
his  height,  and,  according  to  the  laws  of  filtration,  there  should  l)e 
one-third  of  the  water  coming  through  there.  As  a  matter  of  fact 
there  is  no  water  coming  through  there  that  has  ever  been  noticed. 
That  is,  it  has  been  tested  to  one-third  of  the  pressure.  Second,  last 
vear,  when  the  water  rose  on  it  to  a  height  of  20  feet  above  the  lower 
point,  I  had  previously  sunk  in  the  dike  an  iron  pipe  and  had  measure- 
ments taken  there  frequently. 

On  the  31st  of  March  the  water  was  rising,  and  it  was  at  this  point 
against  the  dam  (indicating  on  map),  7  feet  higher  than  it  was  in  the  pivo 
inside.  That  is,  the  water  did  not  rise  in  here  as  fast  as  it  rose  outsiae. 
^Indicating.)  Two  weeks  later  it  had  risen  7  feet  more,  coming  upon 
the  dam  to  about  this  point  (indicating  on  map),  and  in  here,  in  the 
two  weeks,  it  rose  only  1  foot.  Still  two  weeks  later,  making  it  a 
month  from  the  first  observation,  the  water  was  up  at  a  point  corres- 
ponding to  this  point  that  I  am  indicating  on  the  dam,  about  one-third 
of  the  height,  and  the  water  in  the  pipe,  although  it  was  at  that  time, 
say,  12  feet  lower  than  the  water  in  tne  reservoir,  rose  only  4  feet  in 
these  two  weeks. 
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That  is,  in  the  course  of  a  whole  month  the  fall  from  this  water  in 
the  reservoir  to  this  point  in  the  dam  [indicating]  wa(<  as  an  averag^e 
about  10  feet,  showing  that  not  enough  water  would  filter  througn 
moderately  fine  sand  to  fill  up  the  interstices  in  that  sand  200  feet 
away  from  the  face  of  the  dam. 

There  is  just  one  other  point,  that  at  a  point  corresponding  to  this 
on  the  dike,  when  there  was  no  water  against  the  upstream  side,  the 
water  from  the  rainfall  alone 

Senator  Hopkins.  Can  you  not  make  your  statements  in  figures,  so 
that  the  record  will  show  them  intelligibly  rf 

Mr.  Stearns.  At  a  point  three-fourths  of  the  way  through  from 
the  upstream  side  of  the  dike  the  water  stands  in  that  dike  higher  than 
either  on  the  upstream  or  the  downstream  side,  showing  that  it  is  the 
result  of  the  rainfall,  and  that  the  material,  which  is  earth,  is  so  nearly 
impervious  that  even  the  rainfall  will  not  pass  through  it.  Those 
observations  were  continued  for  three  years,  and  it  was  shown  that 
the  fluctuations  of  the  water  in  the  ground  in  this  portion  of  the  dike 
corresponded  to  the  fluctuations  caused  by  the  rainfall,  and  that  they 
were  caused  by  the  rainfall. 

Senator  Morgan.  1  would  like  to  ask  a  few  questions.  I  have  been 
trying  to  get  an  opportunit}'^  all  the  morning  to  ask  about  something 
on  this  map  that  I  want  to  get  at.  Is  that  a  longitudinal  section  ox 
the  proposed  Gatun  dam  that  you  have  there  on  the  wall? 

Mr.  Stearns.  We  should  call  it  a  cross  section,  I  think. 

Senator  Morgan.  Well,  a  cross  section  'i 

Mr.  Stearns.  Yes;  from  the  upstream  to  the  downstream  side. 

Senator  Morgan.  And  the  salmon-colored  part  of  it  represents  the 
indurated  clay  'i 

Mr.  Stearns.  No;  the  gray  or  blue  part  here  at  the  bottom  repre- 
sents the  indurated  clay  and  the  salmon-colored  portion  the  alluvial 
material  that  has  filled  the  gorges  made  in  the  indurated  clay. 

Senator  Morgan.  Yes;  and  the  yellow  part  is  the  dam  superim- 
posed upon  that  alluvial  base  'i 

Mr.  Stearns.  It  is. 

Senator  Morgan.  That  dam  was  drawn,  I  suppose,  in  correspondence 
with  this  blueprint  [indicating  profile]. 

Mr.  Stearns.  Yes,  with  the  portion  where  the  alluvial  material  has 
a  depth  of  200  feet  on  the  east  side  of  the  island.  It  does  not  show  the 
deejJer  portion  where  the  porous  material  is  on  the  west  side  of  the 
island. 

Senator  Morgan.  This  blueprint  was  accepted  by  both  the  majority 
and  the  minority  as  a  correct  illustration  or  demonstration  of  the  actual 
condition  of  the  soil  on  the  axis  of  the  proposed  dam  at  Gatun  ? 

Mr.  Stearns. •Yes. 

Senator  Morgan.  Both  sides  acted  on  it? 

Mr.  Stearns.  Yes. 

Senator  Morgan.  The  majority  and  the  minority  f 

Mr.  Stearns.  Yes,  I  think  so;  on  that  and  other  information. 

Senator  Morgan.  Well,  they  agreed  upon  this  J 

Mr.  Stearns.  That  was  presented  by  the  Isthmian  Canal  Commis- 
sion, and  we  all  accepted  it  as  being  correct. 

Senator  Morgan.  That  is  all  I  want  to  know.  Therefore  you  must 
have  acted  upon  it  and  agreed  upon  it. 
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1  notice  here  at  the  bottom  of  the  print  tliat  the  first  number  is  250, 
the  next  is  500,  the  next  is  1,000,  and  the  next  is  1,5(M),  They  seem 
to  be  divisions  of  500  feet.  That  is  for  mere  convenience,  I  suppose, 
of  locating  the  borings  and  all  of  that  matter^ 

Mr.  Stearns.  Yes. 

Senator  Morgan.  In  considering  this  map,  do  you  go  from  left  to 
right,  or  from  right  to  left,  in  the  study  of  it? 

Mr.  Stearns.  From  the  left  to  the  right  is  the  natuml  way. 

Senator  Morgan.  That  means  sections  of  500  feet  breadth  in  one 
direction,  from  left  to  right.  These  sections  from  the  bottom  of  the 
map  to  the  top  repre-^ent  the  measurements  down  to  and  below  the 
sea  level  i 

Mr.  Stearns.  Yes;  they  are  numbered  down  from  sea  level  and  up 
from  sea  level. 

Senator  Morgan.  And  this  heavy  line  of  white  across  thei*e  is  the 
sea  level  i 

Mr.  Stearns.  Yes. 

Senat<)r  Morgan.  The  bed  of  theChagres  River,  from  the  blueprint, 
is  delineated  as  being  10  feet  below  sea  levels 

Mr.  Stearns.  Yes. 

Senator  Morgan.  The  bottom  of  the  canal  would  be  40  feet  below 
sea  level  'i 

Mr.  Stearns.  Twenty. 

Senator  Morgan.  Twenty  feet  below  sea  level? 

Mr.  Stearns.  Yes. 

Senator  Morgan.  Is  that  the  depth  of  the  canal  that  you  want  to 
dig  through  there? 

Mr.  Stearns.  No;  it  is  40  feet  below  low  tide,  below  Gatun.  But 
that  canal  at  that  place  would  be  all  tilled  by  the  dam.  That  is  the 
existing  French  canal. 

Senator  Morgan.  Ohl  The  existing  French  canal? 

Mr.  Stearns.  Yes,  sir. 

Senator  Morgan.  The  proposed  canal,  then,  would  be  twice  as 
deep — 40  feet? 

Mr.  Stearns.  Yes;  below  low  tide,  making  41  feet  below  mean 
tide  at  that  place  or  just  below  it. 

Senator  Morgan.  This  is  the  French  canal,  and  the  canal  that  we 
propose  to  dig  goes  20  feet  deeper.  Now,  let  me  ask  you,  if  you 
please,  what  is  this  outside,  uppermost  mark  on  the  blueprint  here^ 

Mr.  Stearns.  That  is  the  surface  of  the  earth. 

Senator  Morgan.  As  it  is  now? 

Mr.  Stearns.  As  it  now  exists,  yes,  at  the  site  of  the  dam. 

Senator  Morgan.  In  the  borings  here  on  the  west,  1  suppose 

Mr.  Stearns.  That  is  east,  that  way. 

Senator  Morgan.  East? 

Mr.  Stearns.  Yes:  that  is  the  east  side. 

Senator  Morgan.  In  the  borings  from  east  to  west  you  come  across 
a  deep  gulch,  reaching  down  to  indurated  clay  to  a  depth  of 

Mr.  Stearns.  About  200  feet,  or  a  little  bit  over. 

Senator  Morgan.  Alx)ut  205  feet,  according  to  this. 

Mr.  Stearns.  About  205  feet;  yes. 

Senator  Morgan.  And  at  the  top  the  width  between  this  point  and 
this  [indicating]  is  a  width  of  about  how  far^ 
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Mr.  Stearns.  About  1,800  feet. 

Senator  Morgan.  About  1,800  feet  across? 

Mr.  Stearns.  About  1,800  feet  at  sea  level  from  the  indurat<ed  clay- 
on  one  side  to  the  indurated  clay  on  the  other. 

Senator  Morgan.  We  will  call  that  a  geological  gulch. 

Mr.  Stearns.  Yes. 

Senator  Morgan.  For  the  sake  of  convenience.  Maybe  it  is  not  a 
proper  description.  But  that  geological  gulch  is  1,800  feet  wide  and 
205  feet  deep,  if  I  understand  it  ? 

Mr.  Stearns.  That  is  correct. 

Senator  Morgan.  That  is  tilled  up  with  all  kinds  of  material  that 
has  been  washed  in  there  by  the  water,  beginning  at  the  bottom  with 
clay  or  sand  and  then  going  up  through  timber,  rotted  in  different 
degrees  of  decay,  and  so  on,  as  described  in  the  statements  both  of  the 
majority  and  minority,  going  on  until  you  get  up  to  the  surface  of 
the  canal  i  ^  ' 

Mr.  Stearns.  To  the  surface  of  the  ground,  yes,  sir;  except  that  1 
should  say  that  the  timber  would  be  an  occasional  thing,  and  hardly 
one  of  the  general  features. 

Senator  SIorgan.  But  it  is  an  occasional  hole  in  the  ground  that 
causes  destruction,  is  it  not  ? 

Mr.  Stearns.  Yes;  but  the  timber  would  not  be  a  hole  in  the  ground. 
It  would  be  timber,  surrounded  by  sand  or  clay. 

Senator  Morgan.  I  understand  that  timber  is  not  a  hole  in  the 
ground.  You  propose,  if  1  understand  you.  to  put  your  dam  across 
this  wide  gulch  here,  superimposed  upon  this  material  that  we  have 
just  been  describing? 

Mr.  Stearns.  Yes;  with  some  preparation  of  the  site. 

Senator  Morgan.  With  some  cleaning  off  of  the  looser  top? 

Mr.  Stearns.  A  cleaning  off  of  the  looser  material  at  the  top,  and 
if  there  should  be  anything  else  that  needed  to  be  taken  off,  it  is  sup- 
posed that  it  would  be  taken  off. 

Senator  Morgan.  When  constructed,  the  weight  of  that  dam  will 
rest  for  1,800  feet  upon  this  material  that  is  delineated  and  demon- 
strated and  proven  by  the  borings  that  have  been  made? 

Mr.  Stearns.  It  will. 

Senator  Morgan.  Yes;  and  you  call  that  a  safe  dam  for  1,800  feet? 

Mr.  Stearns.  I  have  not  a  question  of  it.     1  know  it  is  safe. 

Senator  Morgan.  I  am  not  questioning  it.  I  am  asking  you  the 
question. 

Then,  in  proceeding  from  east  to  west,  you  come  across  a  still  deeper 
gulch  of  the  same  sort? 

Mr.  Stearns.  Yes;  except  that  at  the  bottom  of  that  gulch  thei-eis 
porous  material. 

Senator  Morgan.  At  the  bottom  of  this  gulch  there  is  porous 
material  i 

Mr.  Stearns.  Yes. 

Senator  Morgan.  Right  at  the  bottom  ? 

Mr.  Stearns.  In  the  lower  58  feet,  or  possibly  a  little  more  than 
that. 

Senator  Morgan.  In  the  lower  58  feet  is  porous  material,  then^ 

Mr.  Stearns.  Yes. 

Senator  Morgan.  How  would  you  describe  that  with  reference  to 
its  geological  characteristics? 
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'Mr.  Stearns.  Why,  it  is  sand  and  gj-avel  that  has  been  deposited 
without  an  admixture  of  clay,  so  that  there  are  interstices,  and  it  is, 
therefore,  porous. 

Senator  Morgan.  Then  it  proceeds  upward,  as  described  here,  and 
what  is  the  width  of  that  gulch  at  its  top? 

Mr.  Stearns.  About  850  feet  at  sea  level,  between  the  indurated  clay- 
on  one  side  and  the  indurated  clay  on  the  other. 

Senator  Morgan.  Across  that  second  gulch  there  is  the  spillway  to 
be  constructed? 

Mr.  Stearns.  No,  sir. 

Senator  Morgan.  I  have  not  gotten  to  it  yet? 

Mr.  Stearns.  Yes;  you  have  passed  the  spillway. 

Senator  Morgan.  Where  is  the  spillway? 

Mr.  Stearns.  The  spillwaj  is  to  be  located  in  this  indurated  clay. 

Senator  Morgan.  J n  this  indurated  clay? 

Mr.  Stearns.  Yes.  First,  the  cut  would  be  made  through  there, 
down  to  sea  level,  or  a  little  below,  through  which  the  Chagres  could 
be  turned  while  the  earth  embankments  were  being  made  over  these 
two  alluvial  valleys. 

Senator  Morgan.  Now,  then,  what  is  the  width  of  that  spillway  ? 

Mr.  Stearns.  The  diversion  channel,  which  would  be  maide  first,  is 
150  feet  wide. 

Senator  Morgan.  Yes. 

Mr.  Stearns.  But  the  spillway  would  have  a  much  greater  width. 

Senator  Morgan.  Yes.  By  tHe  diversion  channel  you  mean  a  chan- 
nel dug  temporarily  to  get  rid  of  the  waters  of  the  Chagres  River? 

Mr.  Stearns.   Yes. 

Senator  Morgan.  That  diversion  channel  will  be  included  in  the 
spillway  when  it  is  completed? 

Mr.  Stearns.  Yes.  The  water  that  spills  over  the  dam  will  go  into 
the  lower  portion  of  that  diversion  channel  and  run  out  through  this 
ehannel,  made  in  the  indurated  clay  and  lined  with  concrete. 

Senator  Morgan.  So  that  it  is  a  connected  work,  and  the  diversion 
ehannel  and  spillway,  when  the  dam  is  completed,  will  comprise  one 
part  of  the  controlling  works  of  the  Chagres  River? 

Mr.  Stearns.  Yes;  vou  asked  the  width  of  the  spillwaj'.  The  total 
width  is  810  feet. 

Senator  Morgan.  Of  the  spillway  ? 

Mr.  Stearns.  Yes. 

Senator  Morgan.  Which  takes  up  the  diversion  works  and  applies 
them  or  appropriates  them. 

Then,  to  proceed  to  the  spillway,  we  come  to  the  gulch  that  you 
have  just  been  speaking  of? 

Mr.  Stearns.  Yes. 

Senator  Morgan.  Does  your  dam  then  run  into  the  hills  immediately  ? 

Mr.  Stearns.  It  does;  into  hard  land. 

Senator  Morgan.  At  what  point  right  here  ?  Just  indicate,  please, 
on  this  blueprint. 

Mr.  Stearns.  Right  there  [indicating]. 

Senator  Morgan.  That  is  about  5,800  feet  long  the  dam  would  be, 
beginning  here — no;  it  would  not  be;  the  dam  would  be  from  this  point 
to  this  [indicating  on  profile]  ? 

Mr.  Stearns,  les;  I  should  say  about  from  here  [indicating  on 
profile]. 
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Senator  Morgan.  What  would  be  about  the  width?  You  need  not 
get  it  accu^at^l3^ 

Mr.  Stearns.  The  point  you  refer  to  i.s  about  4,800  feet  from  the 
easterly  end  of  the  dam. 

Senator  Morgan.  And  that  would  describe  the  width  of  the  dam  in 
that  part  of  it'^ 

Mr.  Stearns.  Yes. 

Senator  Morgan.  That  is  the  dam  proper? 

Mr.  Stearns.  Yes,  sir. 

Senator  Morgan.  That  is  the  dam  you  have  got  delineated  there 
[indicating  map  on  the  wall]? 

Mr.  Stearns.  Yes;  except  that  for  a  portion  of  the  wa}^  it  is  not 
like  this.  It  is  onlv  in  the  alluvial  valleys  that  it  would  have  anywhere 
nearly  this  height  [indicating  on  map]. 

Senator  Morgan.  Will  the  locks  be  at  the  east  or  the  west  side  of 
this  blueprint? 

Mr.  Stearns.  At  the  east  side. 

Senator  Morgan.  That  would  be  over  here,  to  the  east  [indicating 
on  profile]  ? 

Mr."  Stearns.  Yes. 

Senator  Morgan.  What  width  will  they  occupy  of  excavation  in 
order  to  set  them  in  there? 

Mr.  Stearns.  1  think  about  330  feet  as  the  bottom  width  of  the 
excavation  which  niay  be  made  for  them. 

Senator  Morgan.  For  making  the  seats  of  the  locks? 

Mr.  Stearns.  Yes. 

Senator  Morgan.  Do  the  seats  of  the  locks  adjoin — touch  and  form 
part  of  the  dam?    Are  they  connected  together? 

Mr.  Stearns.  They  are  connected  together,  but  the  dam  becomes 
so  small  at  the  location  of  the  locks  that  I  think  the  natural  ground  is 
above  the  water  line;  so  that  the  portion  of  the  dam  would  only  be 
this  superimposed  part — this  higher  portion. 

Senator  Morgan.  Yes. 

Mr.  Stearns.  It  is  hardly  the  dam  proper,  and  yet  it  is  the  embank- 
ment made  so  that  the  water  can  not  possibly  overtop  it. 

Senator  Morgan.  This  blueprint  contains  every  notable  fact  that 
was  considered  by  the  Commission  and  Consulting  Engineers,  I  will  call 
them,  in  their  examination  of  this  Gatun  dam? 

Mr.  Stearns.  No;  they  had  the  plans  showing  the  topography  of 
the  section,  and  then  there  were,  in  addition,  borings  which  J  have 
already  called  attention  to,  made  above  this  particular  site,  prior  to 
our  going  down  to  the  Isthmus,  which  in  themselves  were  suflicient  to 
show  that  this  material  was  deposited  in  slow  currents,  and  must, 
therefore,  be  fine  material. 

Senator  Morgan.  Those  additional  borings  you  have  mentioned  sup- 
port and  sustain  the  conclusions,  as  you  think,  that  were  reached  by 
the  minority  ? 

Mr.  Stearns.  I  do. 

Senator  Morgan.  That  is,  your  proposition  ? 

Mr.  Stearns.  Yes,  sir. 

Senator  Morgan.  They  were  done  for  that  purpose,  of  ascertaining 
whether  it  was  safe  to  rely  upon  the  borings  across  the  site  of  the  dam, 
I  suppose? 
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Mr.  Stearns.  There  were  original  borings  which  did  not  extend 
under  the  site  of  the  dam,  except  to  a  limited  extent,  and  we  thought 
it  desirable  to  have  additional  borings  directly  at  the  site  of  the  dam, 
so  as  to  verif}"  the  conclusions  reached  from  the  others. 

Senator  Morgan.  In  your  description  of  the  formation  of  the  earth 

you  started  out  with  the  proposition  that  it  was  formed  of  rock,  and 

then  water  in  combination,  and  that  the  water  washed  the  surface  of 

the  detritus  of  the  rock  down  and  formed  this  beautiful  soil  we  are 

iving  on  ? 

Mr.  Stearns.  Yes.  It  formed  first  the  geological  gorge,  as  it  has 
been  called,  and  washed  the  fine  material  out  to  sea. 

Senator  Morgan.  And  washed  on  until  it  made  these  beautiful  gar- 
dens and  hills  and  mountains  that  surround  us? 

Mr.  Stearns.   What  I  said  was  that 

Senator  Morgan.  It  seems  to  me  that  you  have  omitted  two  promi- 
nent and  very  important  factors  in  that  matter.  One  is  fire  and  the 
other  is  the  coral  insect. 

Mr.  Stearns.  Well,  I  think  these  actions  took  place  while  the  valley 
was  above  the  sea  level,  and  the  coral  insect  did  not  climb  up  to  that 
height. 

Senator  Morgan.  You  admit  that  volcanic  action  has  had  a  good 
deal  to  do  with  lifting  rocky  material  and  melted  rock  and  stones  out 
of  the.  bosom  of  the  earth  and  throwing  them  out  and  scattering  them 
over  the  valleys  and  hills,  and  so  forth  if 

Mr.  Stearns.  Yes,  indeed. 

Senator  Morgan.  It  has  had  a  ^reat  deal  to  do  with  it.  Is  it  not 
your  opinion  that  this  soft  material  that  has  become  indurated  (and 
from  being  called  indurated,  must  have  been  soft  and  then  made  hard) 
was  in  a  large  part  the  debris  or  the  ashes  thrown  out  by  the  extinct 
volcanoes,  of  which  there  are  many  on  that  section  of  the  Isthmus? 

Mr.  Stearns.  I  should  hardly  want  to  put  my  judgment  against 
that  of  anyone  else  as  to  how  that  was  formed,  but  I  think  there  is  not 
much  question  but  that,  however  it  was  formed,  it  was  formed  so  that 
the  gorges  were  the  result  of  the  action  of  the  rivers  flowing  through 
them,  which  carved  them  out.  I  do  not  see  how  they  could  have  taken 
that  form  by  volcanic  action. 

Senator  Morgan.  Would  it  not  be  a  reasonable  proposition  or  sup- 
position that  the  coral  plant  had  built  a  rim  of  stone  around  the  sea; 
that  the  volcanoes  had  belched  forth  their  ashes  and  their  lava,  and 
so  on,  and  their  fine  material,  and  (hat  the  waters  had  washed  these 
ashes  down  against  that  coral  reef,  and  they  had  been  deposited  there 
and  indurated  by  the  process  of  time  and  by  the  attractions  that  exist 
between  small  particles  of  matter,  either  under  water  or  above  water? 

Mr.  Stearns.  I  hardly  think  I  could  give  an  opinion  of  value  on 
that  point. 

Senator  Morgan.  You  are  a  geologist? 

Mr.  Stearns.  Oh,  no. 

Senator  Morgan.  You  are  not? 

Mr.  Stearns.  No,  sir. 

Senator  Morgan.  I  took  it  for  granted  that  you  were. 

Mr.  Stearns.  I  said  I  had  listened  to  explanations  of  geolc^ists, 
and  I  have  also  had  a  geologist  in  connection  with  my  own  work. 

Senator  Morgan.  I  am  sitting  at  the  feet  of  Gamaliel,  getting  infer- 
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ination.     That  is  what  I  am  trying  to  do.     These  ideas  come  into  my 
mind  because  facts  suggest  them. 

However  this  formation  may  have  taken  place,  the  indurated  clay 
that  you  find  at  the  bottom  of  these  waters  under  the  site  of  the  pro- 
posed dam  at  Gratun  has  been  built  up  there,  has  it  not,  in  your 
opinion  ? 

Mr.  Stearns.  It  was  built  up  originally,  and  then  was  carved  out 
by  the  action  of  water,  to  make  these  gorges. 

*  Senator  Morgan.  If  the  action  of  the  water  has  carved  out  these 
gulches  in  here,  and  afterwards,  by  being  resisted  by  the  incoming  sea 
water,  has  been  deadened  in  its  movement,  so  that  it  no  longer  carves 
out  these  deep  places,  is  it  not  supposable  that  all  the  material  that 
vou  tind  deposited  in  these  two  deep  gulches  here  has  been  imported 
from  mountains? 

Mr.  Stearns.  1  think  so;  from  the  higher  land. 

Senator  Morgan.  There  is  no  doubt  about  that? 

Mr.  Stearns.  1  do  not  think  there  is  any  doubt  about  it.  It  has 
come  from  the  higher  land,  except  tliat  with  tidal  action  backward  and 
forward  in  there,  there  might  have  been  some  of  it  brought  in  from 
the  sea,  and  shells  might  have  grown  there,  or  been  brought  in  by  these 
tidal  currents,  when  the  gulches  were  submerged  below  the  sea  level. 

Senator  Morgan.  Would  not  that  process  of  scouring  and  carving 
out  of  this  indurated  clay  have  ^one  on  until  this  day  if  it  had  not  been 
for  the  action  of  the  sea  water  in  coming  in  and  protec^tin^  it? 

Mr.  Stearns.  It  is  rather  difficult  to  answer  tnat  question.  Some- 
times conditions  are  readied  by  which  the  heavier  gravels  will  deposit 
'  in  a  rock  gorge,  so  that  the  stream  will  flow  over  a  bed  of  gravel  and 
not  cut  any  further  down  into  the  gorge.  At  other  times  the  rock 
remains  bare,  and  then  the  current  of  the  river  would  at  this  daj-  as 
well  as  at  any  day  in  the  past  continue  to  cut  down  into  the  rock. 

Senator  Morgan.  Is  it  the  opinion  of  geologists  that  the  eastern 
coast  of  Panama,  I  will  sav,  is  rising  or  falling? 

Mr.  Stearns.  I  do  not  know. 

Senator  Morgan.  You  have  not  looked  into  that? 

Mr.  Stearns.  No. 

Senator  Morgan.  Some  statements  have  been  made  about  it  that 
have  astonished  and  alarmed  me  by  geologist^.  I  do  not  pretend  to  be 
anvthing  approaching  that  sublime  state  of  civilization. 

^he  Chairman,  Would  it  be  agreeable  to  you.  Senator,  to  take  a 
recess  now  until  2  o'clock,  or  2.15? 

Senator  Morgan.  Yes.  I  shall  not  be  here  this  afternoon,  and  I 
suggest  that  it  is  very  necessary  to  have  copies  of  this  blueprint  made 
for  the  use  of  the  committee  and  the  Senate.  (Referring  to  blueprint 
protile,  the  original  from  which  plate  12  was  prepared.)  It  is  the 
most  important  document  that  is  in  this  whole  case. 

The  Chairman.  Very  well. 

Senator  Kittredge.  I  agree  with  you.  Senator,  about  that. 

The  Chairman.  That  seems  to  be  the  onl}^  copy  that  the  Commission 
po.ssesses.  They  sent  it  down  to  us  and  they  say  that  it  is  the  only 
copy  that  the}'  nave. 

Senator  Kittredge.  They  sent  us  what  purported  to  be  a  copy,  but 
was  not. 

Senator  Morgan.  It  is  a  very  precious  thing  if  that  is  the  only  copy 
that  they  have  got  and  it  should  be  printed  at  once.     I  hope  the  com- 
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mittee  will  pass  an  order  that  the  chairman  be  requested  to  apply  for 
permission  to  have  it  printed. 

The  Chairman.  If  there  is  no  objection,  that  will  be  done. 

Senator  Kittredge.  Mr.  Stearns,  Mr.  Walcott  telephones  me  that 
I  am  correct  in  regard  to  the  foundation  of  the  Belle  Fourche  dam. 
He  says  that  there  is  a  masonry  core  extending  to  the  solid  rock.  I 
wonder  why  they  put  that  masonry  core  down  through  that  earth  dam 
to  solid  rock '( 

Mr.  Stearns.  Well,  it  is  rather  sui-prising  that  they  do  not  show  it 
on  an  of&cial  plan,  on  which  they  base  their  contract. 

Senator  Kittredge.  I  want  to  know  what  you  have  to  say  in  answer 
to  the  question. 

Mr.  Stearns.  My  information  is  that  they  did  not. 

Senator  Kittredge.  You  gather  it  from  these  maps? 

Mr.  Stearns.  Yes;  I  do  not  see  why  they  should,  if  tliat  will 
answer  your  question. 

Senator  Dryden.  These  maps  are  published  by  the  Government? 

Mr.  Stearns.  They  are;  and  they  are  the  plans  which  were  sub- 
mitted at  the  time  contracts  were  asked  for,  and  purported  to  be  the 
official  plans  for  the  purpose  of  letting  the  contract.  It  seems  to  me 
there  must  be  some  misunderstanding. 

Senator  Dryden.  The  contractors'  estimates  were  based  upon  the 
specifications  and  those  maps,  then,  I  suppose? 

Mr.  Stearns.  1  have  no  doubt  that  they  were. 

(After  an  informal  discussion  concerning  further  witnesses  to  be 
called  before  the  committee,  a  recess  was  taken  until  until  2.15  o'clock 
p.  m.). 

AFTER  RECESS.    • 

STATEMENT  OF  FEEDEBIC  P.  8TEAEF8,  EStt.— Continued. 

The  Chairman.  Mr.  Stearns,  I  think  if  you  are  ready  to  proceed 
now  and  make  further  statements  to  us,  we  are  ready  to  have  you 
do  so. 

Mr.  Stearns.  Professor  Burr,  in  his  testimony  on  page  1540,  after 
citing  the  case  of  the  Mill  River  dam  disaster,  which  i  referred  to 
this  morning,  makes  this  statement: 

*'  Then,  again,  there  is  a  reservoir  which  has  been  completed  for 
the  borough  of  Brooklyn,  called  the  Milburn  reservoir,  which  I  have 
inspected  m  the  course  of  my  professional  work  for  the  city  of  New 
York,  which  was  completed  in  1893.  That  reservoir  was  completed 
under  engineering  specifications,  with  a  puddled  bottom,  designed 
and  put  in  place  for  the  express  purpose  oi  preventing  leakage.  Yet 
when  it  was  filled  with  43,500,000  gallons  of  water  it  all  leaked  out 
in  ton  days,  and  that  reservoir  has  never  been  in  use  since.  That 
shows  what  water  will  do  when  it  has  a  chance,  even  in  so-called 
impermeable  material." 

Now,  what  is  the  condition,  and  how  does  that  have  any  bearing 
upon  the  safety  of  the  Gatun  dam? 

The  facts  are  these,  and  they  are  taken  from  a*public  document 
entitled  "  The  Brooklyn  Water  Supply,"  dated  1896. 

The  reservoir  in  question  is  a  rectangular,  artificial  reservoir,  hav- 
ing an  area  at  high-water  line  of  48  acres.  The  ground  on  whidi 
it  was  built  was  the  very  porous  sand  and  gravel  found  on  the 
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southerly  side  of  Long  Island.  In  order  to  make  the  reservoir  water- 
tight,' its  bottom  was  to  be  covered  with  2  feet  in  thickness  of  puddle, 
which  it  was  provided  in  the  contract  should  consist  of  20  per  cent  oi 
pure  clay,  to  be  mixed  with  materials  found  on  the  ground.  It  is 
stated  elsewhere  that  in  the  actual  construction  more  clay  was  used 
than  was  originally  provided  for. 

On  testing  the  reservoir  it  was  found  to  be  leaky,  and  an  investiga- 
tion was  made  in  1894  by  Mr.  J.  J.  R.  Croes,  who  has  since  that  time 
been  president  of  the  American  Society  of  Civil  Engineers.  He  made 
tests  which,  he  savs,  "  appear  to  establish  beyond  question  that  the 
whole  bottom  of  tne  reservoir  is  a  filter  bed,  pretty  uniform  in  char- 
acter, and  passing  water  at  the  rate  of  two-tenths  foot  per  day  under 
a  head  of  3  feet,  four-tenths  foot  per  day  under  6  feet,  and  six-tenths 
under  9  feet." 

It  will  be  seen  from  this  statement  that  the  conditions  at  the  Mil- 
bum  reservoir  were  entirely  dissimilar  from  those  at  the  Gatun  dam. 
The  material  to  resist  filtration  at  the  Milburn  reservoir  was  2  feet  in 
thickness,  while  at  the  Gatun  dam  it  is  half  a  mile  in  thickness.  If 
the  comparison  shows  anything,  it  is  that  material  which  was  not 
wholly  impervious  under  a  pressure  of  0  feet  of  water  permitted  water 
to  pass  only  at  the  slow  rate  of  six-tenths  of  a  foot  a  day. 

I  have  said  that  the  speed  of  filtration  is  due  to  the  relation  of  the 
pressure  of  water  to  the  thickness  of  the  filtering  material.  Here 
was  water  that  was  four  and  a  half  times  the  thickness  of  the  filter- 
mg  material,  instead  of  being  one  twenty-fifth  of  the  thickness  of 
the  filtering  material.  The  relations  are  so  widely  different  that  it 
has  no  bearing,  and  in  any  case  the  experiments  show  that  the  filtra- 
tion was  proportional  to  the  head,  which  is  the  law  I  have  tried  to 
lay  down  to  you,  as  proved  by  experiment. 

The  next  instance  which  he  cites  to  show  that  the  Gatun  dam  may 
not  be  safe  is  that — 

"  Nothing  is  more  common  in  the  experience  of  waterworks  en- 
gineers than  to  observe  the  underground  flow  of  water  through  per- 
meable or  semipermeable  material.  In  fact,  many  water  supplies 
depend  upon  that  flow,  such  as  the  borough  of  Brooklyn  and  manv 
other  cities  that  take  their  water  from  the  deep  underground  sanrfs 
or  mixtures  of  sand  and  earth.  You  will  find  frequently  small  pas- 
«^ages  of  water,  some  of  them  threadlike  in  magnitude,  almost  capil- 
lary passages,  and  from  that  up  to  passages  that  flow  many  gallons 
a  minute." 

I  have  at  the  hotel,  but  forgot  to  bring  with  me,  a  sample  of  this 
Long  Island  sand,  which  is  extremely  porous,  and  which  will  run 
almost  like  hour-glass  sand  when  pourea  from  one  thing  to  another. 
It  would  be  impossible  for  any  passages  to  be  formed  in  such  sand. 
They  would  fill  up.  Besides,  all  of  the  information  that  we  have 
with  regard  to  the  water  coming  into  driven  wells  can  be  accounted 
for  without  the  existence  of  such  passages.  The  sand  grains  have 
interstices  between  them,  and  the  water  filters  freely  through  those 
interstices  to  the  wells — ^not  through  large  passages,  but  through  the 
interstices  between  the  sand  grains.  It  is  obvious  that  no  one  has 
ever  been  down  there  to  find  out,  and  there  is  no  reason  whatever  to 
think  that  such  passages  exist  in  sand. 

Senator  Hopkins.  At  Gatun  you  mean  ? 

£NU  I  c — 06 ^35 
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Mr.  Steahns.  At  Gatun  or  anywhere  else.  I  have  had  occasion, 
in  building  aaueducts  and  in  building  deep  trenches  in  connection 
with  the  building  of  dams  and  dikes,  to  excavate  in  sand  to  great 
depths,  and  I  never  saw  such  a  passage.  Professor  Burr  speaks  of  it 
as  oeing  of  most  frequent  occurrence.  It  is  a  thing  that  I  nave  never 
tieen,  with  a  great  deal  of  experience  in  those  lines. 

So  that  I  think  that  any  suggestion  of  underground  passages  in 
sand  or  sandy  material  or  earth,  especially  when  it  is  under  a  pres- 
sure of  many  tons  to  the  square  foot,  is  not  based  upon  any  correct 
observation  of  facts. 

The  statement  made  goes  on  to  say : 

"  There  are  wells  fed  by  such  water  on  Long  Island,  and  in  our 
recent  examinations  for  a  tunnel  under  the  Hudson  River  near  New 
Hamburg  we  found  such  a  passage  by  diamond-drill  borings  about 
260  feet,  if  I  recall  the  depth  rightly,  below  the  surface." 

That  might  and  certainly  does  give  the  suggestion  that  those  are 
passages  in  sand.  But  I  will  call  attention  first  to  the  fact  that  he 
mentions  diamond-drill  borings,  which  are  only  used  in  excavating 
through  rock;  and  I  also  know  that  those  borings  made  in  Xew 
Hamburg  (for  I  am  connected  with  that  same  work)  are  borings  into 
limestone,  and  it  is  common  to  find  cavities  in  limestone.  Those  are 
found  in  the  Mammoth  Cave,  for  instance,  where  there  are  streams 
that  flow  through  the  limestone;  and  all  over  the  country  there  are 
cavities  in  limestone.  But  it  is  not  pertinent  in  the  least  to  bring  a 
statement  of  that  kind  here  in  connection  with  this  alluvial  material 
under  the  Gatun  dam. 

In  answer  to  a  question  from  Mr.  Kittredge,  "When  was  that,  Mr. 
Burr?  "  Professor  Burr  goes  on  to  say : 

"  Within  three  months — two  months  and  a  half  ago;  and  those  are 
not  uncommon  experiences.  They  are  within  almost,  you  may  sav, 
the  daily  range  oi  hydraulic  engineers  or  civil  engineers  engaged  in 
that  class  of  work." 

It  is  a  fact,  if  it  had  been  so  stated,  that  cavities  in  limestone  are 
frequent;  but  the  inference  to  be  drawn  from  that  is  that  it  is  a 
cavity  in  sand,  and  that  that  cavity  might  find  its  way  through  this 
half  mile  of  dam  and  cause  a  hole  through  which  water  could  flow 
with  sufficient  speed  to  wreck  the  dam,  and  I  say  that  it  is  groundless. 

In  the  next  paragraph  it  is  stated  that  "  as  an  engineering  guess, 
you  might  say  that  it  probably  would  stand,"  but  it  goes  on  to  say  that 
there  is  grave  danger.  It  seems  to  me  it  is  decidemy  an  engineering 
guess  that  there  is  any  possibility  of  passages. 

I  will  not  go  into  that  matter  further. 

Senator  Hopkins.  Your  claim  is  that  there  is  no  guess  about  it,  but 
that  it  is  demonstrated  to  a  certainty  that  the  dam  will  stand  as  put 
there? 

Mr.  Steabns.  Absolutely ;  and  it  is  the  ignoring  of  the  information 
obtained  in  the  last  fourteen  years  in  regard  to  the  movement  of  water 
through  sands  and  other  earths  that  makes  any  such  statement  as  is 
made  nere  by  a  member  of  the  majority  an  engineering  guess  which 
is  a  very  bad  one. 

Reference  has  been  made  in  some  of  the  testimony  to  an  upward 
flow  of  water  through  some  of  the  pipes  driven  down  into  this  geo- 
logical gorge  at  the  Gatun  dam.  Tne  principal  flow  occurred  in 
pipes  that  extended  down  into  that  58  feet  in  depth  of  porous  mate- 
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rial  in  the  deepest  gorg^ — ^that  58  feet  of  material,  or  thereabouts, 
being  under  about  200  feet  of  impervious  material. 

The  height  of  the  top  of  the  pipe  when  that  flow  occurred,  as 
regards  the  level  of  the  water  in  the  river,  is  not  given ;  but  the  sur- 
face of  the  ground  at  that  point  is  7  feet  above  the  surface  of  the 
river,  and  probably  the  pipe  stuck  up  somewhat  farther  at  the  time 
this  flow  occurred.  I  thmk  it  is  fair  to  say  that  the  pipe  would  prob- 
ably have  been  at  least  10  feet  above  the  surface  of  the  river,  showing 
that  in  that  pervious  material  at  the  bottom  of  the  gorge  the  water 
was  under  greater  pressure  than  that  due  to  a  height  of  10  feet  above 
the  river. 

Now,  the  river  for  10  miles  up  to  Bohio  is  at  sea  level;  conse- 
quently that  water  could  not  have  come  from  the  river,  because  it 
would  not  filter  10  miles  underground.  Water  does  not  do  that  un- 
less it  has  a  ^eat  deal  of  pressure  to  focce  it  through;  and  it  is  a 
proof  of  the  miperviousness  of  this  blanket  of  200  feet  of  material, 
because  that  water  evidently  came  from  some  of  the  adjacent  high 
ground,  probably  only  in  small  quantities,  and  got  under  that  200- 
foot  blanket  of  impervious  material  and  could  not  find  its  way  out 
into  the  river  and  relieve  itself — that  is,  10  feet  more  head  or  more 
pressure  at  the  bottom  of  the  gorge  than  that  due  to  sea  level  did  not 
force  that  water  to  relieve  itself,  because  it  was  overlaid  with  such  an 
impervious  material. 

The  letter  from  Mr.  Maltby  sending  these  borings  contained  at 
the  end  a  statement,  after  speaking  oi  this  upward  flow  of  water, 
that  it  proves  the  impervious  character  of  the  200  feet  of  material 
above  it. 

That  porous  material,  which  in  the  report  of  the  majority  is 
spoken  of  as  if  it  might  be  almost  anywhere  under  the  section  of 
the  dam,  is  down  under  this  blanket,  so  that  there  can  be  no  communi- 
cation with  it.  This  salmon  color  here  [referring  to  map]  repre- 
sents 200  feet,  and  the  pervious  material  is  below  it;  and  that  would 
require  200  feet  of  filtration  down  at  that  end,  then  filtration  for 
half  a  mile  through  that  pervious  material  to  the  other  end,  and  then 
the  rising  of  the  water  again  through  another  200  feet  at  this  end; 
and  that  could  not  take  place. 

But  I  made  one  computation  that,  supposing  (and  this  is  a  suppo- 
sition or  an  assumption)  that  this  impervious  blanket  were  entirely 
taken  off  and  the  water  had  free  access  to  that  porous  material  at 
this  point,  and  again  the  blanket  were  taken  off  at  the  lower  end  and 
the  water  had  free  access  to  that  part,  then  the  pressure  of  85  feet 
acting  upon  that  material,  if  it  was  as  porous  as  the  most  porous 
sand  that  I  was  able  to  test,  or  as  porous  as  the  Long  Island  sands,  or 
as  porous  as  the  coarsest  gravel  that  I  had  occasion  to  test,  would  let 
through  but  2  cubic  feet  of  water  per  second.  Of  course  that  does 
not  occur  and  will  not  occur,  because  the  impervious  blanket  will 
stop  it;  but  even  if  there  were  free  communication,  it  would  mean 
a  quantity  of  water  that  could  have  no  significance,  either  in  the  loss 
of  water  for  canal  purposes  or  in  regard  to  the  safety  of  the  dam. 

It  is  stated  in  the  majority  report  (p.  47),  among  many  suggestions 
as  to  the  great  gravity  of  the  situation  if  the  dams  proposed  by  the 
minority  should  be  adopted,  that  "  the  Board  is  therefore  of  opinion 
that  the  existence  of  such  costly  facilities  for  the  world's  commerce 
should  not  depend  upon  great  reservoirs  held  by  earth  embankments 
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resting  literally  upon  mud  foundations  or  those  of  even  sand  and 
gravel.  The  iSoard  is  unaualifiedly  of  opinion  that  no  such  vast  and 
doubtful  experiment  should  be  indulged  in,  but  on  the  contrary  that 
every  feature  of  whatever  nature  should  be  so  designed  and  built  as 
to  include  only  those  features  which  experiwice  has  demonstrated  to 
be  positively  safe  and  efficient." 

I  claim  tor  the  dams  which  are  proposed  by  the  minority  that 
experience  has  demonstrated  that  they  are  absolutely  safe  and  effi- 
cient, and  that  they  have  been  carried  in  dimensions  away  beyond 
past  precedent  so  as  to  make  them  doubly  safe.  The  sea-level  canal 
requires  dams;  and  one  proposition  is  a  dam  at  Gamboa  with  a  core 
wall  of  concrete  extending  from  the  rock  upward  at  a  place  where  the 
rock  is  170  feet  below  the  water  level  of  the  proposed  reservoir.  That 
suggestion  is  a  suggestion  that  is  far  beyond  actual  precedent. 

I  have  not  any  question  but  that  tliere  is  actual  precedent  that 
would  support  the  building  of  such  a  dam,  and  that  it  can  be  made 
perfectly  safe.  But  while  saying  that  they  should  not  go  beyond 
actual  precedent,  the  majority,  in  the  suggestion  of  a  core-wall  dam 
at  that  place,  have  gone  far  beyond  actual  precedent,  for  I  know  of 
no  core  walls  in  existence  that  are  more  than  126  feet  high  from  the 
rock,  while  this  is  up  to  170,  if  it  is  built  away  up  to  the  surface  of 
the  water.  I  do  not  know  whether  they  have  decided  to  do  that  or 
not,  but,  anyway,  the  foundations  are  down  170  feet  under  water. 

There  is  also  the  suggestion  that  that  could  be  a  solid  masonry 
dam ;  but  I  never  say  any  plans  drawn  with  reference  to  one  for  that 
elevation,  although  plans  have  been  drawn  for  one  of  a  somewhat 
higher  elevation  which  may  have  been  used  as  a  basis  for  that  state- 
ment, that  it  would  cost  the  same. 

Senator  Kitiredge.  May  I  ask  just  one  question  ? 

Mr.  Stearns.  Certainly. 

Senator  Kittredgb.  You  say  170  feet  below  water  ? 

Mr.  Stearns.  The  rock  at  the  lowest  point  on  which  the  core  wall 
would  be  based  is  170  feet  below  the  proposed  water  level. 

Senator  Kittredge.  Below  maximum  water  level — ^is  that  it? 

Mr.  Stearns.  That  is  the  maximum  water  level ;  yes — ^the  greatest 
height. 

Senator  Kittredge.  You  do  not  mean  that  the  foundations  of  this 
dam  are  170  feet  below  the  surface  of  the  water? 

Mr.  Stearns.  Below  the  surface  of  the  water  after  it  is  raised  to  its 
highest  level. 

Senator  Kittredge.  That  is  the  point. 

Mr.  Stearns.  Certainly. 

The  majority  report  makes  only  a  very  casual  reference  to  the 
other  dams  which  are  to  retain  the  reservoirs  shown  upon  this  plan. 
You  will  see  them  in  blue  toward  the  bottom  of  the  plan.^  They  are 
the  dams  across  the  Gigante  and  the  Caiio  rivers,  and  the  Gigantito. 

An  en^neer,  a  member  of  the  majority,  in  describing  those  dams  in 
a  preliminary  way,  suggested  that  they  be  made  of  earth  without  any 
core  wall,  and  that  they  be  carried  16  feet  instead  of  50  feet  above 
high-water  level  in  the  reservoir ;  that  they  be  made  50  feet  wide  on 
top  instead  of  100,  as  proposed  here,  and  that  they  be  given  slopes  of 
one  on  three,  which  are  similar  to  those  slopes  extended  down  here 
and  to  this  slope  extended  down  here  [indicating]. 
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That  is  suggested  in  a  place  where  there  have  been  only  the  French 
surveys,  where  nobody  has  examined  the  sites,  where  the  material  has 
not  bejBn  bored  to  find  out  its  character  nor  the  depth  to  the  rock. 
He  evidently  did  not  have  the  fear  of  earth  dams  oefore  his  mind 
when  he  presented  a  plan  of  that  kind. 

Senator  Dryden.  How  deep  a  dam  did  he  propose? 

Mr.  Stearns.  I  have  a  note  here  in  his  handwriting — ^the  Gigante, 
55  feet;  the  Gigantito,  60  feet;  and  the  Caiio,  65  feet.  Those  are 
depths  of  water  down  at  the  lowest  point — ^that  is,  from  the  ground 
at  its  lowest  point  up  to  the  water.  Those  figures  are  substantially 
the  same  as  the  figures  for  the  proposed  dams  at  the  Pacific  end, 
which  I  believe  some  members  of  the  majority  have  thought  might  not 
be  sufficient. 

I  should  say  that  I  think  it  is  possible,  in  construction,  by  making 
deeper  cuts  through  the  summits,  to  diminish  the  depths  at  those 
dams,  and  there  is  no  doubt  they  can  be  built  safely;  but  I  do  not 
think  that  allowances  were  made  for  that  in  the  estimates. 

I  merely  wanted  to  call  attention  to  this  as  showing  that  at  that 
time  at  least  one  member  of  the  majority  did  not  have  the  fear  of 
earth  dams  in  mind. 

I  once  had  occasion  to  build  a  very  small  earth  dam  across  a  mill 
pond,  where  common  gravel  was  dumped  into  the  water,  and  there 
was  no  difficulty  in  pumping  out  the  water  on  the  downstream  side 
of  it.  A  ^ood  deal  of  water  leaked  through,  but  we  never  questioned 
the  stability  of  that  particular  dam.  I  saw,  within  a  month,  an 
earth  dam  with  some  sheet  piling  in  it,  a  cofferdam,  on  work  with 
which  I  am  connected  as  consulting  engineer.  It  is  work  in  which  a 
tidal  lock  is  to  be  built;  and  the  water  was  coming  through  that  dam 
so  that  the  ground  was  wet  for  10  feet  up  on  the  downstream  side. 
The  pressure  at  that  time  against  the  dam  was  about  40  feet.  No 
one  suggested  that  even  with  water  coming  through  the  dam  there 
was  any  special  danger. 

However,  I  would  not  recommend  a  dam  of  that  sort,  without  a 
larger  factor  of  safety,  for  permanent  work.  It  is  rather  an  in- 
stance, though,  that  a  dam  of  as  small  dimensions,  I  should  say,  as 
that  Mill  River  dam,  or  very  nearly  so,  with  some  sheet  piling, 
which  was  not  tight,  as  shown  by  the  water  coming  through,  held 
tbe  water  perfectly;  and  this  dam  proposed  here  has  twenty  times 
the  thickness  and  four  hundred  times  the  strength,  I  should  say.  I 
think  it  would  vary  about  as  the  square  of  the  distances. 

I  think  that  concludes  any  statement  I  have  to  make  with  regard 
to  dams. 

Senator  Kittredoe.  Would  it  be  convenient  for  me  to  ask  you 
here  some  questions  about  the  dams? 

Mr.  Stearns.  Yes,  sir. 

Senator  Kittredoe.  I  notice  that  the  maximum  level  of  water  is 
85  feet. 

Mr.  Stearns.  Yes. 

Senator  Kittredoe.  Is  that  the  maximum  height  at  all  seasons 
of  the  year? 

Mr.  Stearns.  It  is  expected  that  at  the  end  of  the  rainy  season 
the  lake  will  be  raised  and  held  1  foot  higher  than  that,  and  in  times 
of  great  floods  it  is  expected  that  the  water  will  go  as  high  as  eleva- 
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tion  87 — that  is,  2  feet  above  its  height  that  is  shown — but  that  would 
be  only  for  a  short  time. 

Senator  Kittredoe.  What  is  the  elevation  of  the  spillway  that  you 
propose  west  of  the  hill  ? 

Mr.  Stearns.  The  spillway  is  located  on  the  central  hill,  and  the 
j^ills  of  the  spillway  are  to  be  15  or  16  feet  lower  than  the  water  at 
its  normal  level.  "The  spillway  ^tes  correspond  to  those  at  the 
Chicago  Drainage  Canal,  being  almost  exactly  of  the  same  dimen- 
sions. 

Senator  K^ittredge.  At  what  height  will  the  water  be  before  that 
spillway  is  used  ? 

Mr.  Stearns.  At  the  beginning  of  a  very  heavy  rainfall,  at  a  time 
when  freshets  would  be  expected,  it  is  afso  expected  that  the  gates 
would  be  opened,  and  there  would  be  15  feet  aepth  of  water  goin^ 
through  the  gates  when  opened,  so  that  it  would  maintain  the  level 
of  the  lake  without  its  rising,  as  a  rule. 

Senator  Kittredoe.  Why  do  you  have  the  surface  of  the  water 
higher  at  any  time  than  85  feet  ? 

Mr.  Stearns.  If  raised  a  foot  at  the  beginning  of  the  dry  season, 
after  the  danger  of  freshets  is  over,  there  would  be  1  foot  more  of 
water  for  locka^  purposes  during  the  dry  season,  so  that  it  would  be 
better  to  have  it  a  foot  higher  than  the  normal  level  and  draw  it 
down  during  the  dry  season,  perhaps,  to  the  normal  level  or  a  little 
below ;  that  is,  there'  must  be  some  nuctuation  during  the  dry  season, 
after  the  navigation  gets  to  be  large,  in  order  to  provide  the  wat^r  for 
lockage,  and  by  starting  a  foot  high  it  will  prevent  drawing  it  quite 
as  low. 

Senator  Kittredoe.  What  is  the  lowest  point  that  it  would  reach 
in  the  dry  season  ? 

Mr.  Stearns.  The  lowest  point,  with  a  traffic  equal  to,  say,  40,000,- 
000  tons  per  year,  would  be  3  feet  below  the  normal  level. 

Senator  Kittredoe.  That  is,  down  to  82  feet? 

Mr.  Stearns.  Yes. 

Senator  Kittredoe.  And  you  have  calculated  so  that  you  can  state 
positively  that  that  would  be  the  maximum  height  in  dry  seasons! 

Mr.  Stearns.  Yes;  that  would  be  not  only  in  ordinary  dry  seasons, 
but  in  the  driest  season  on  record. 

Senator  Kittredoe.  How  long  do  you  figure  that  it  would  require 
to  fill  that  lake  after  the  works  were  completed  ? 

Mr.  Stearns.  I  have  not  made  any  careful  figures,  but  I  think, 
about  a  year ;  but  the  filling  would  be  done  in  part  before  the  works 
were  completed. 

Senator  Kittredoe.  What  is  the  name  of  the  reservoir  with  which 
you  are  connected  ? 

Mr.  Stearns.  It  is  known  as  the  Wachusett  Eeservoir. 

Senator  Kittredoe.  Is  that  filled  with  water? 

Mr.  Stearns.  It  is  not  at  the  present  time. 

Senator  Kittredoe.  What  is  the  height  of  water  now  ? 

Mr.  Stearns.  Eighty-five  feet. 

Senator  Kittredoe.  What  is  the  height  proposed? 

Mr.  Stearns.  One  hundred  and  twenty-nine. 

Senator  Kittredoe.  The  height  you  have  given  is  measured  from 
the  lowest  point  in  the  reservoir? 
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Mr.  Stearns.  Yes.  It  is  at  the  height  against  the  dam  that  is 
shown  in  this  photo^aph — ^against  tlie  masonry  dam,  not  against 
the  earth  dam  [referring  to  photograph!. 

Senator  Kittbedge.  I  was  there  last  November,  so  I  am  familiar 
with  the  location. 

Mr.  Stearns.  Yes,  sir. 

Senator  Kittredge.  I  noticed  when  I  was  there,  Mr.  Steams,  that 
you  had  a  masonry  dam  there. 

Mr.  Stearns.  There  is  a  masonry  dam  across  the  main  river,  which 
is  shown  in  the  photograph  to  which  I  just  called  attention. 

Senator  Kittredge.  And  what  are  the  dimensions  of  that  dam  ? 

Mr.  Stearns.  The  distance  from  the  lowest  point  in  the  bottom  of 
the  rock  gorge  to  the  surface  of  the  water  is  189  feet.  The  width 
across  the  vajQey  is  1,250  feet;  but  the  main  dam,  as  it  is  called 

Senator  EorncEOGE.  You  are  speaking  now  of  the  masonry  dam? 

Mr.  Stearns.  Yes ;  the  masonry  dam  is  about  900  feet  long,  for  what 
is  called  the  main  dam,  that  rises  20  feet  above  the  water  surface; 
and  then  there  is  an  extension  of  that,  where  the  height  of  the  dam 
is  very  small,  over  which  the  water  flows  as  a  spillway,  and  that  is 
about  450  feet  in  addition.  It  is  carried  upstream  so  as  to  give  it  a 
greater  length  than  it  would  have  if  it  went  directly  across  the  valley. 

Senator  Kittredge  What  is  the  dimension  of  the  dam  up  and  down 
the.stream  ? 

Mr.  Stearns.  At  the  water  line  it  is  about  25  feet  thick,  and  189  feet 
below  the  water  line  it  would  be  about  189  feet  thick. 

Senator  KIittredge.  Why  did  you  not  construct  that  dam  of  earth? 

Mr.  Stearns.  An  earth  dam  would  not  be  appropriate,  in  the  first 
place,  because  the  spillway  could  not  be  kept  away  from  the  dam ; 
and  then  it  was  a  particularly  appropriate  place,  I  think,  in  which  to 
build  a  masonry  dam,  as  a  second  reason. 

Senator  Kittredge.  When  I  was  there  I  was  told  that  the  founda- 
tion was  carried  to  bed  rock.    Is  that  true? 

Mr.  Stearns.  It  was  carried  to  bed  rock :  and  then  we  excavated 
into  the  bed  rock  until  we  got  a  rock  nearly  free  from  seams. 

Senator  Kittredge.  Why  did  you  do  that? 

Mr.  Stearns.  Why  carry  it  to  the  rock? 

Senator  Kittredge.  Yes. 

Mr.  Stearns.  Because  a  masonry  dam  should  be  founded  upon  rock. 

Senator  ICittredge.  Was  the  character  of  the  earth  sufficiently 
stable  to  support  a  masonry  dam  ? 

Mr.  Stearns.  I  should  say  not. 

Senator  Kittredge.  What  is  the  character  of  the  material  there? 

Mr.  Stearns.  The  greater  part  of  it  was  a  loose  gravel.  It  was 
really  very  much  mixed  up.  Some  of  it  was  fine  sand.  Then,  on  one 
side  of  the  valley,  there  was  a  bowlder  clay,  and  on  the  other  side,  up 
the  slopes,  sand  and  gravel,  loose. 

Senator  Kittredge.  I  noticed  that  you  had  some  large  earth  dams 
there. 

Mr.  Stearns.  One  of  the  large  earth  dams — if  you  have  been  along 
€Hi  the  railroad — ^which  was  relocated  is  the  dike  that  I  speak  of, 
-which  is  similar  to  this.  It  will  have  .water  against  it  to  a  depth  of  65 
feet,  and  instead  of  being  half  a  mile  throu^  it  is  a  third  of  a  mile 
through. 
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I  might  have  called  attention  to  one  other  thing,  as  to  the  simi- 
laritj^  between  that  so-called  dike  or  earth  dam  and  this  Ghitun  dam — 
that  it  is  2  miles  long,  while  this  is  a  mile  and  a  half.  The  deepest 
boring  there  went  down  289  feet,  while  the  deepest  boring  here  went 
down  268  feet. 

Senator  Kittredge.  Whsit  are  the  foundations  for  that  dam? 

Mr.  Stearns.  The  different  portions  of  it  are  built  in  different 
ways.  In  some  parts  there  was  a  porous  sand  or  gravel  overlying  the 
rode,  and  the  rock  was  not  far  down.  In  those  cases  a  trench  was 
dug  down  to  the  rock.  The  rock  was  carefully  plastered,  and  little 
walls  were  built  on  it  to  prevent  the  water  from  following  along  the 
rock.  Then  the  excavation,  which  was  somewhat  like  a  railroacT  cut, 
was  filled  in  with  the  surface  soil  stripped  from  the  reservoir.  We 
took  that  surface  soil  because  it  had  the  fine  material  in  it  and  was  not 
porous  and  because  we  wished  to  remove  it  from  the  reservoir  to  im- 
prove the  quality  of  the  water. 

In  other  parts,  where  excavation  could  not  be  made  to  the  rock, 
there  was  a  deep  cutting  made,  again  like  a  railroad  excavation  or 
railroad  cut,  and  sheet  piling  was  driven  in  the  bott<«i  to  cut  off 
possible  seepage  through  veins  of  sand  that  were  not  so  fine  as  to  be 
classed  as  impermeable.  Then  there  was  still  another  part  of  it  and 
the  highest  part,  where  all  that  was  done  was  to  strip  off  the  surface 
material,  take  out  the  stumps,  and  the  fine  material  was  laid  right  on 
the  fine  material  underneath,  precisely  as  is  proposed  here  at  Gatun. 

Senator  Kittredge.  What  is  the  height  of  the  dam  at  the  points 
you  last  mentioned  ? 

Mr.  Stearns.  There  is  65  feet  of  water  against  it. 

Senator  Kittredge.  And  what  do  you  mean  by  sheet  piling? 

Mr.  Stearns.  Sheet  piling  consists,  in  this  particular  case,  of  three 
thicknesses  of  plank  nailed  together  so  that  the  center  one  would 
protrude  beyond  the  planks  on  each  side,  making  what  is  called  a 
tongue,  and  at  the  other  side  of  the  pile  there  was  a  recess  made  by 
lettmg  the  middle  plank  set  in,  making  a  groove ;  and  these  planks 
were  driven  down  into  the  ground,  the  tongue  of  one  fitting  into  the 
groove  in  another,  so  as  to  make  a  continuous  and  approximately 
water-tight  line  of  timber. 

Senator  Kittredge.  'SMiat  was  the  purpose  of  driving  those  piles? 

Mr.  Stearns.  It  was.  as  I  have  already  stated,  because  the  excava- 
tion was  not  carried  down  to  the  wholly  impermeable  material,  and  as 
a  safeguard  this  sheet  piling  was  driven,  perhaps  on  an  average 
about  50  feet  farther,  to  help  cut  off  the  flow  of  water  under  the  dam. 

The  question  of  whether  there  should  be  sheet  piling  or  not  was 
dependent  upon  the  character  of  the  material  found  by  the  borings, 
and  about  one-third  the  length  of  the  dam  no  sheet  piling  was  needed, 
and  the  fine  material  rested  directly  on  the  fine  material. 

I  will  leave  with  you  a  pamphlet  entitled  "  The  Bohio  Dam,"  h^ 
George  S.  Morrison,  past  presiaent  of  the  American  Society  of  Civil 
Engineers.  In  it  is  a  description  of  this  north  dike,  by  myself,  with 
illustrations.  OppK)site  page  264  there  is  shown  an  excavation,  such 
as  I  have  referred  to,  with  the  sheet  piling  in  process  of  driving. 
This  excavation  was  60  feet  deep.  Opposite  page  266  there  is  shown 
another  view  of  the  driving  of  sheet  piling,  and  also  a  large-scale 
view  of  the  bottom  of  the  sheet  piling,  as  it  was  being  driven,  with  a 
water  jet. 
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Opposite  page  268  will  be  found  a  case  where  the  trench  was  exca- 
vated to  the  rock  and  the  rock  is  prepared  to  receive  the  fine  material 
used  for  filling  the  trench.  Still  another  cut  shows  the  fine  mate- 
rial in  process  of  being  placed  in  the  trench. 

S^iator  KiTTR£DGE.  What  is  the  height  of  the  dam  above  the  sur- 
face, above  the  point  at  which  you  went  to  solid  rock? 

Mr,  Steabns.  It  is  variable,  but  I  should  say  about  30  feet,  as  a 
rule.  In  some  cases  it  was  only  2  feet  or  5  feet.  It  varied  from  prac- 
tically nothing  to  30  feet. 

Senator  Kittredge.  To  what  extent  did  you  make  borings  under 
the  foundation  of  your  earth  dam  at  Wachusett? 

Mr.  Stearns.  In  order  to  locate  the  dam  at  the  place  where  the 
most  impermeable  material  might  be  found,  and  to  guide  in  its  con- 
struction, there  were  made  a  very  large  number  of  borings.  I  do  not 
recall  how  many,  but  I  think  the  aggregate  depth  was  something  like 
30  miles  of  borings. 

Senator  Kittredge.  In  what  distance  ? 

Mr.  Stearns.  In  2  miles  length  of  dam. 

Senator  Kjttkedge.  And  how  far  apart  were  the  borings? 

Mr.  Stearns.  They  were  at  first  laid  out  in  squares  200  feet  apart 
over  a  very  large  territory,  half  a  mile  to  three-quarters  of  a  mile 
wide  and  2  miles  long.  Then,  having  determined  approximately  the 
line  of  the  dike,  they  were  made  about  1  foot  apart;  and  then,  to  get 
to  greater  refinement  immediately  along  the  line  of  the  dike,  they 
were  made  25  feet  apart  in  squares. 

Senator  Kittredge.  So  that  before  you  commenced  the  construction 
of  that  dam  vou  made  borings  not  exceeding  25  feet  apart?  Is  that 
riffht? 

Mr.  Stearns.  In  the  vicinity  of  the  dam ;  yes. 

Senator  Kittredge.  In  the  foundation  and  its  vicinity? 

Mr.  Stearns.  Yes.  There  was  a  special  reason  for  that,  I  should 
aay. 

Senator  Kittredge.  I  would  be  glad  to  hear  that. 

Mr.  Stearns.  That  the  material  was  variable,  and  it  was  desirable 
to  pick  out  the  very  finest  material;  while  at  the  Gatun  dam  the 
material  is  homogeneous  to  a  large  extent;  that  is,' it  has  been 
brought  by  a  sudden  process,  which  made  it  very  much  alike  from  one 
place  to  another  in  the  distance  of  a  mile  and  a  half . 

Senator  Taliaferro.  Can  you  ascertain  that  fact  otherwise  than 
by  borings? 

Mr.  Stearns.  That  it  is  homogeneous? 

Senator  Taliaferro.  Yes. 

Mr.  Stearns.  I  should  say  by  borings  together  with  a  general  study 
of  what  has  been  going  on  there;  but  mainly  by  borings,  which  seem 
to  prove,  by  the  entire  absence  of  bowlders  and  gravel,  that  the 
material  that  has  been  deposited  in  that  vicinity  has  been  fine  mate- 
rial ;  and  fine  material  is  impervious.  I  felt  nearly  as  well  satisfied 
that  that  was  the  case  from  tne  first  set  of  borings  as  I  did  after  the 
borings  had  been  made  directly  across  on  the  line  of  the  dam,  because 
there  was  hardly  an'exception  to  the  rule  in  any  one  boring. 

Unless  there  are  more  questions  to  ask,  I  will  take  up  an  entirely 
different  subject. 

The  Chairman.  Just  proceed,  Mr.  Steams. 
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Mr.  Stearns.  There  is  one  thing  that  mav  have  been  figured  by 
your  committee,  or  perhaps  somefody  else  has  presented  it.  It  is 
the  interest  during  construction  on  the  lock  and  the  sea-level  canals. 
It  is  not  customary  to  put  the  interest  during  construction  into  an 
estimate  made  by  an  en^eer.  He  gives  an  estimate  of  the  cost  of 
the  work,  and  I  think  it  is  generally  the  rule  that  appropriations  are 
made  of  a  certain  amount  of  money  to  be  expended  on  the  work,  and 
the  interest  appropriation  is  made  separately. 

I  do  not  know  how  it  may  be  in  this  case;  but  I  think  there  is  no 
question  in  anybody's  mind  that  the  cost  of  a  work  includes  the  inter- 
est during  the  period  of  construction,  when  the  work  itself  is  not  in 
use. 

I  made  figures  for  the  sea-level  canal  and  the  lock  canal  on  these 


I  assumed  in  both  cases  that  $50,000,000  had  been  paid  out  in  1904. 
That,  of  course,  is  to  the  Republic  of  Panama  and  the  New  Panama 
Canal  Companjr.  Then,  in  the  case  of  the  lock  canal,  I  assumed  that 
it  would  take  nine  years  for  construction  from  1906 ;  and  for  the  ex- 
penditures in  1905  I  allowed  $14,000,000,  and  $14,000,000  in  each  of 
the  succeeding  years. 

For  the  sea-level  canal  I  assumed  the  expenditure  in  1905  as 
$14,500,000,  and  $15,500,000  in  each  of  the  next  fifteen  years.  That 
makes  the  total  as  given  by  the  majority  of  the  Board  of  Consulting 
Engineers. 

On  that  basis  the  interest  on  the  sea-level  canal,  if  completed  in 
fifteen  years  (and  that  is  the  estimate  of  the  minority,  that  it  would 
not  be  completed  in  less  than  six  years  after  the  lock  canal)  would  be 
$66,297,000. 

Senator  Dryden.  At  what  rate  of  interest? 

Mr.  Stearns.  Two  per  cent.     I  neglected  to  state  that 

The  interest  on  the  lock  canal,  if  completed  in  nine  years,  would  be 
$28,502,000.  The  difference  in  favor  of  the  lock  canal  on  these  as- 
sumptions is  $37,795,000. 

The  Chairman.  That  is  the  interest  during  construction  ? 

Mr.  Stearns.  Yes ;  that  is  the  difference  between  the  two  plans. 

The  Chairman.  Yes. 

Mr.  Stearns.  Now,  if  the  time  for  constructing  the  sea-level  canal 
should  extend  to  eighteen  years  the  interest  account  would  amount 
to  $88,532,000.  Deduct,  as  before,  the  interest  on  the  lock  canal, 
$28,502,000,  and  the  difference  in  favor  of  the  lock  canal  is  $60,030,000. 

The  cost  of  the  lock  canal,  including  interest  and  the  payments  to 
the  Panama  Canal  Company  and  to  the  Republic  of  Panama,  would 
be  $219,000,000.  The  grand  total  of  similar  payments  in  the  case  of 
the  sea-level  canal,  using  the  cost  as  estimated  by  the  Board  of  Con- 
sulting Engineers,  and  assuming  fifteen  years  for  completion,  would 
be  $363,000,000;  and  the  cost  ot  the  sea-level  canal,  including  some 
items  based  upon  the  cost  as  estimated  by  the  Isthmian  Canal  Com- 
mission, and  assuming  eighteen  vears  '  for  completion,  would  be 
$410,000,000. 

1  think  that  has  considerable  weight  in  the'  type  of  canal  that 
should  be  adopted. 

The  Chairman.  If  you  will  hand  that  statement  to  the  stenog- 
rapher, it  will  be  printed. 
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(The  statement  referred  to  is  as  follows:) 

RELATIVE   AMOUNT   OF   INTEREST   DURING    CONSTRUCTION    ON    LOCK   AND 

SEA-LEVEL   CANALS. 

In  both  cases  assume  that  the  interest  is  at  2  per  cent,  compounded 
annually. 

Assume  in  both  cases  an  expenditure  of  $60,000,000  in  1904. 

In  the  case  of  the  lock  canal  assume  a  total  expenditure  for  the  ten 
vears  from  1905  to  1916,  inclusive,  of  $14,000,000  per  year,  making  a 
total  of  $140,000,000  for  construction. 

For  the  sea-level  canal  assume  the  expenditure  of  $14,500,000  in 
1904  and  of  $15,500,000  in  each  of  the  next  fifteen  years,  making  a 
total  of  $247,000,000  for  construction. 

Interest  on  sea-Ievel  canal  if  completed  in  fifteen  years $60,207,000 

Interest  on  lock  canal  if  completed  in  nine  years 28,502,000 

Difference  in  favor  of  lock  canal 37,795.000 

If  tbe  time  for  constructing  the  sea-level  canal  should  extend  to 

eighteen  years,  the  interest  account  would  amount  to 88,532,000 

Deduct  as  before,  interest  on  lock  canal 28,502,000 

Difference  in  favor  of  lock  canal 00,030,000 

The  cost  of  the  lock  canal,  including  interest  and  payments  to  the 

Panama  Canal  Company  and  the  Republic  of  Panama,  would  be-  219, 000, 000 
The  cost  of  the  sea-level  canal,  Including  interest  and  the  above 
payments,  based  upon  the  cost  as  estimated  by  the  Board  of 
Consulting  Engineers,  and  fifteen  years  for  completion,  would 

be 303,  000, 000 

The  cost  of  the  sea-level  canal,  including  interest  and  the  above 
pajrments,  based  upon  the  cost  as  estimated  by  the  Isthmian 
Canal  Commission,  and  eighteen  years  for  completion,  would 
be 410, 000, 000 

Senator  Ankeny.  Mr.  Stearns,  have  you  prepared  a  relative  esti- 
mate there  showing  a  comparison  of  the  sea-level  and  the  lock  canal 
in  regard  to  maintenance  ? 

Mr.  Stearns.  I  have;  yes.  I  will  take  that  up  next.  I  will  say 
that  I  have  not  actually  made  the  figures,  but  I  will  take  up  some  of 
the  statements  that  have  been  made  as  affecting  the  maintenance  of 
the  two  canals  to  show,  I  believe,  that  they  are  not  in  any  way  war- 
ranted. 

The  lock  canal  will  have  only  three  places  where  a  force  of  attend- 
ants will  be  reauired — namely,  the  locks  and  dam  at  Gatun,  making 
one  place ;  the  locks  at  Pedro  Miguel,  and  the  locks  at  Sosa ;  also  the 
waste  way  at  Sosa,  which  is  not  lar  away  from  the  locks. 

The  sea-level  canal  will  have  about  nine  such  places — ^namely,  the 
Sosa  locks,  the  seven  meeting  places  (they  are  not  shown  in  the  plan 
of  the  majority,  but  I  think  it  is  understood  that  they  are  needed,  and 
they  are  placed  about  5  miles  apart),  and  the  Gamboa  dam  and 
power  plant. 

The  force  required  at  the  locks  will  undoubtedly  be  larger,  of 
course,  than  the  force  required  at  the  meeting  places.  Do  I  make 
myself  clear  as  to  the  meeting  places?  Has  that  matter  been  dis- 
cn«?=ed  here? 

Senator  Kpitredge.  Yes. 
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The  Chairman.  I  think  we  understand  that,  sir. 

Mr.  Stearns.  But  at  those  meeting  places  there  will  have  to  be 
probably  three  shifts  of  men,  and  enough  men  to  take  the  lines  as 
they  are  passed  out  from  the  ships  as  they  come  along.  The  force  at 
the  locks — I  am  not  so  familiar  with  that  work  as  are  other  members 
of  the  minoritv,  but  there  has  to  be  the  force  to  take  the  lines  as 
they  are  passed  out  as  the  ship  comes  uj)  to  the  pier  there,  just  as  it 
would  come  up  to  the  pier  at  the  meeting  places.  Then  there  has 
to  be  the  force  for  operating  the  gates  ana  tne  power  plant,  but  the 

?ower-plant  force  would  be  no  greatet  than  that  at  the  Gamboa  dam, 
presume. 

The  total  force  required  for  operation  would  be  larger  on  the  lock 
canal  I  have  no  doubt,  but  it  would  be  very  largely  offset  by  the 
greater  number  of  places  in  the  sea-level  canal. 

The  other  big  item  is  dredging. 

It  is  unnecessary  to  discuss  uie  dredging  in  the  harbors,  because 
that  would  be  the  same  in  each  case  and  would  not  enter  into  the 
comparison;  and  it  is  the  dredging,  then,  practically  between  the 
shore  lines  on  the  two  sides  that  needs  to  be  considered. 

In  some  of  the  testimony  there  is  a  very  surprising  statement  which 
has  been  made,  tending  to  show  that  in  the  case  of  a  lock-canal  plan 
the  silt  brought  down  by  the  upper  Chagres  will  not  deposit  in  the 
portion  of  the  Gatun  Lake  above  Gamboa,  but  will  pass  through  this 
portion  of  the  lake,  and  then  the  greater  part  of  it  will  be  dropped 
m  the  channel  of  the  canal  all  the  way  down  to  Tavemilla.  This 
statement  is  to  be  found  on  page  1570  of  the  testimony. 

Senator  Kittredge.  That  is  Mr.  Burr's  statement,  is  it  not  ? 

Mr.  Stearns.  Yes. 

The  portion  of  the  lake  to  which  I  refer  is  this  portion  from  the 
extreme  upper  end  down  to  Gamboa.  There  comes  into  this  portion 
of  the  lake  the  Chagres  River  at  its  upper  end  and  also  a  number  of 
tributary  streams. 

^^Tien  we  were  on  the  Isthmus  there  was  furnished  to  us  a  table, 
which  is  shown  in  this  blueprint,  which  gives  the  number  of  cubic 
feet  of  water  in  the  reservoir  above  Gamboa  at  different  levels.    It  is 

f'ven  for  elevation  80  and  for  elevation  90,  and  to  get  elevation  85 
have  averaged  those  two  amounts. 

The  size  of  that  reservoir  is  4.94  square  miles,  and  it  holds  1,905.- 
000,000  cubic  feet  of  water,  equal  to  70,500,000  cubic  yards. 

The  flow  of  the  Chagres,  as  given  by  General  Abbot,  averages  for 
the  year  about  3,200  cubic  feet  a  second;  for  the  rainy  months  of 
the  year  about  4,000  cubic  feet  per  second ;  in  high  freshets,  such  as 
occur  in  most  years,  it  would  reach  25,000  cubic  feet  a  second.  In 
still  greater  freshets,  which  occur  perhaps  once  in  three  years,  it  may 
reach  50,000  cubic  feet  a  second;  and  in  phenomenal  freshets  it 
would  go  up  higher,  possibly  to  75,000,  or  perhaps  higher  than  that 

It  is  a  subject  of  easy  computation,  knowing  those  quantities  of 
water  coming  into  the  lake,  to  ascertain  how  long  it  would  take  to 
push  the  water  in  the  lake  out  ahead  of  that  coming  in,  provided  it 
were  all  pushed  out.  And  I  find  that,  taking  the  average  rate  of  flow 
for  the  year,  the  water  would  be  pushed  out  in  one  hundred  and 
seventy-six  hours.  At  the  average  rate  for  the  rainy  months  it 
would  be  pushed  out  in  one  hundred  and  thirty-two  hours.  In  the 
case  of  high  freshets,  in  twenty-one  hours.     In  the  case  of  the  still 
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higher  freshets  that  I  have  mentioned,  in  ten  and  one-half  hours; 
and  in  the  case  of  a  phenomenal  freshet  there  would  be  seven  hours 
required  for  the  crowding  out  of  that  water. 
Senator  Kittbedge.  Under  what  plan  ? 
Mr.  Stearns.  The  lock  plan. 

There  is  also  susceptible  of  computation,  knowing  the  length  of 
time,  the  number  of  hours,  required  to  go  6  miles  irom  the  upper 
end  of  the  lake  to  Gamboa,  to  determine  what  the  average  rate  of 
flow  is;  and  that  figures  out,  taking  the  average  rate  for  the  year, 
at  three  one-hundredths  of  a  mile  an  hour.  The  average  rate  for  the 
rainy^  months  is  five  one-hundredths  of  a  mile  an  hour.  During  high 
freshets  it  would  be  twenty-nine  one-hundredths  of  a  mile  an  hour. 
In  anything  further  I  have  to  give  you  you  will  have  to  remember 
that  it  only  comes  at  intervals  of  years.  Even  then,  with  the  still 
higher  freshets,  it  would  be  fifty-seven  one-hundredths  of  a  mile  an 
hour  and  with  phenomenal  freshets  eighty-six  one-hundredths  of  a 
mile  an  hour — that  is,  even  the  extreme  conditions  there  would  not 
produce  an  average  velocity,  if  all  the  water  were  pushed  out  ahead 
of  the  w^ater  commg  up,  as  much  as  a  mile  an  hour;  and  that  is  the 
freshet  of  once  in  fiitv  years,  which  does  not  need  to  be  counted  at  all.' 
The  statement  has  Jbeen  made  that  the  water  coming  in  at  the  upper 
end  would  find  its  way  through  this  lake,  following  the  line  of  the 
present  river,  with  all  its  crooks,  and  consequently  would  bring  the 
silt  down  and  distribute  it  down  to  Tavernilla  and  leave,  I  suppose, 
the  clean  water  on  the  sides  in  the  lake.  That  is  based  on  observa- 
tions which  are  quite  frequently  made  when  rivers  overflow  their 
banks  in  case  of  rreshet,  and  the  water,  for  instance,  in  a  river  that 
has  a  height  of  10  feet  to  its  banks  overflows  to  a  depth  of  2  or  3 
feet,  only  a  small  proportion  of  the  depth.  On  the  Mississippi  River 
it  nnight  be  a  case  of  overflowing  10  feet  where  the  depth  from  the 
banks  down  to  the  river  is,  say,  50  feet — ^that  is,  the  river  will  con- 
trol the  rapid  current  when  there  is  only  a  slight  rise  above  the  top 
of  its  banks. 

But  in  this  case  the  river  up  to  its  banks  is  more  nearly  10  feet 
und  the  amount  that  the  water  is  raised  above  it  is  20  to  30  feet.  So 
that  the  flow  will  not  be  governed  by  a  channel  which  is  submerged 
to  so  great  a  depth  and  is  comparatively  insignificant. 

I  know  that  would  be  the  case,  because  I  made  a  study  of  that 
matter  last  September,  making  cross  sections  at  various  places;  and 
the  channels  that  are  now  there  are  insignificant  and  would  not  guide 
the  course  of  the  current  to  a  great  extent. 

On  the  other  hand,  there  are  some  bays  in  here  which  would  not 
furnish  their  full  effect  in  depositing  the  silt;  but  it  is  beyond  all 
question  that  the  silt  will  properly  deposit  in  the  portion  of  the  lake 
above  Gamboa.  In  that  part  of  the  lake  will  be  deposited  all  of  the 
gravel,  all  of  the  sand,  and  all  of  the  fine  silt,  except,  possibly,  that 
m  case  of  freshets  some  slightly  discolored  water  will  go  tJeyond. 
But  it  means  that  practically  none  of  that  will  ever  get  into  the  canal. 
It  is  equally  true  that  we  have  these  other  streams  coming  in. 
This  is  a-  very  small  sketch  plan.  You  can  see  that  the  distance  of 
one  mile  is  the  distance  between  those  dots ;  and  these  smaller  streams 
come  in  sometimes  2  miles  away,  sometimes  a  mile,  and  I  think  there 
is  only  one  case  within  half  a  mile,  except  in  the  case  of  the  Obispo, 
which  comes  in  a  short  distance  below  Gamboa. 
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In  that  case  it  was  the  plan  of  the  minority  to  build  an  embank- 
ment parallel  to  the  canal  down  to  an  island  that  is  shown  between 
mile  29  and  mile  30 ;  and  then  there  would  be  an  estuary  more  than 
a  mile  long,  in  which  the  silt  from  the  Obispo  could  be  deposited. 
That  embankment  is  not  included  in  the  estimates,  because  it  was  not 
thought  that  it  would  cost  anything.  The  water  would  be  of  the 
same  height  on  each  side  of  it,  so  it  is  not  a  dam ;  and  it  was  thought 
that  the  material  from  the  Culebra  cut  could  be  deposited  there  with- 
out any  extra  cost. 

Senator  Kittbedoe.  Would  it  be  in  the  nature  of  a  breakwater  ? 

Mr.  Stearns.  There  would  be  no  waves  to  affect  it.  It  is  a  divid- 
ing embankment,  which  may  be  of  fine  rock  or  almost  anything  suffi- 
cient to  prevent  any  great  current  of  water  passing  through  into  the 
canal,  and  forcing  the  flow  of  the  Obispo  to  come  in  a  mile  below 
w^here  it  would  naturally  come  in  if  the  embankment  were  not  placed 
there. 

I  think  it  is  absolutely  fair  to  say  that  no  dredging  whatever 
would  be  required  on  the  lake  portions  of  the  lock-canal  plan. 

I  will  call  attention  to  the  other  side  of  the  case,  as  stated  in  the 
•testimony  of  Professor  Burr,  on  page  1504.    He  says: 

"  The  smaller  streams — and  there  are  guite  a  number  of  them,  but 
all  very  small — ^would  be  taken  directly  into  the  volume  of  the  canal 
in  the  ordinary  way,  quite  an  ordinary  procedure  in  canal  construc- 
tion, but  instead  of  pouring  directly  into  the  prism  of  the  canal  they 
would  first  pass  through  a  basin  built  on  one  side  of  the  canal  prism, 
so  that  any  sediment  which  they  might  bring  dow-n  in  floods  would  be 
held  there,  and  the  water  would  flow  over  a  weir  into  the  canal." 

Do  I  mate  it  clear  ?     This  is  the  sea-level  canal  now  [reading]  : 

"  In  that  way  no  sediment  whatever  from  the  Chagres  River  or 
from  any  of  its  tributary  streams  would  be  brought  into  the'  canal. 
It  would  be  entirely  kept  out,  and  it  would  also  be  kept  out  of  the 
canal  on  the  Pacific  side  from  the  small  streams— because  they  are 
only  small  streams  on  that  side — in  a  precisely  similar  way." 

The  testimony  goes  on  with  a  question  from  Senator  Morgan : 

"  So  that  the  water  would  find  its  way  into  the  canal,  but  the  sedi- 
ment would  be  left  behind  in  these  basins? 

"  Mr.  Burr.  The  sediment  would  be  left  behind  in  these  basins.*' 

In  the  first  place,  the  report  of  the  majority  did  not  provide  any 
basins  in  which  the  sediment  could  be  deposited. 

Senator  Kitfredge.  Is  that  an  expensive  proposition  ? 

Mr.  Stearns.  May  I  go  on  and  come  to  that  matter  later? 

Senator  Kittredge.  Certainly. 

Mr.  Stearns.  The  report  of  the  majority  is  this: 

"  The  tributary  streams,  whose  beds  at  point  of  junction  with  the 
canal  are  considerably  above  the  prism  of  the.  latter,  will  be  dis- 
charged over  masonry-stepped  aprons  or  through  metallic  discharge 
pipes,  or  these  beds  will  be  sloped  and  lowered  so  as  to  prevent  objec- 
tionable currents  at  junction  points.  The  means  for  the  accomplish- 
ment of  these  results  are  such  as  are  in  common  use  on  nearly  all 
important  canals. 

"  During  three- fourths  of  the  time  these  streams  discharge  an  in- 
si^ificant  amount  of  clear  water.  When  they  are  in  flood  they  will 
brmg  down  some  silt,  and  it  is  recognized  that  the  maintenance  of 
the  navigable  canal  channel  wuU  require  a  small  amount  of  dredging." 
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Now  I  will  answer  the  question  which  has  been  asked  as  to  whether 
these  basins  would  be  expensive. 

The  testimony  is  to  tne  effect  that  a  basin  containing  70,000,000 
cubic  yards  of  water  above  Gamboa  is  insufficient  for  these  streams 
that  enter  above  that  point,  including  the  Chagres  River.  The  small 
streams,  so  called,  which  enter  below,  bring  in,  in  the  aggregate,  con- 
siderable water.  General  Abbot,  in  papers  which  he  has  written  on 
the  hydraulics  of  the  Panama  Canal  (see  the  report  of  the  Board  of 
Consulting  Engineers,  p.  187),  has  determined  that  the  flow  past 
Gamboa  is  65  per  cent  of  the  flow  at  Bohio.  That  is,  if  this  is  65 
per  cent  coming  in  here  then  there  is  35  per  c«nt  of  the  total  quantity 
at  Bohio  coming  in  from  these  tributary  streams.  That  is,  half  as 
much  water  comes  in  between  Gamboa  and  Bohio  from  those  streams 
as  comes  in  above.  But  the  majority  have  provided  for  turning  part 
of  this  water  away  by  reversing  the  flow  of  the  streams  so  that  the 
quantity  would  be  considerably  smaller. 

The  basins  ought  to  have  as  large  a  size  in  proportion  to  the  flow 
of  these  streams  as  this  portion  of  Gatun  Lake  in  proportion  to  the 
streams  entering  there.  To  give  them  that  size,  tiiey  snould  contain 
about  22,000,000  cubic  yards  of  water.  But  these  come  in  quite  high 
above  the  sea-level  canal;  and  to  provide  22,000,000  cubic  yards  of 
water  space  in  those  basins  would  require  the  excavation  of  more  than 
22,000,000  cubic  yards  of  earth.  For  instance,  if  a  basin  is  required 
for  the  Obispo,  which  is  one  of  the  large  streams  coming  in  close  by 
the  canal,  that  is  all  rock  at  that  place.  I  do  not  see  now  a  basin 
could  be  built  which  would  be  proportionately  large  to  this  one 
above  Gamboa,  except  by  the  excavation  of  a  great  amount  of  rock 
there,  or  by  building  another  one  of  the  dams. 

Probably  the  basins  could  be  formed  more  easily  by  the  building 
of  dams  than  in  any  other  way — ^by  increasing  the  number  ojf  dams 
on  the  sea-level  plan.  If  that  dam  were  built  at  present,  it  is  need- 
less to  say,  perhaps,  that  it  would  flood  the  Panama  Railroad.  But 
it  is  not  a  small  thing.  It  would  go  up  into  the  millions  of  dollars 
to  attempt  to  provide  as  good  a  settling  basin  as  is  provided  by  the 

upper  end  of  Gatun  Lake;  and  that  is  said  by  the  majority 

Senator  Kittredge.  You  do  not  mean  Gatun  Lake,  do  you  ? 
Mr.  Stearns.  Yes,  sir. 

Senator  Eottrbdge.  Oh !  Under  the  lock  plan  ? 
Mr.  Stearns.  Under  the  lock  plan.  I  am  comparing  the  two 
plans.  The  lock  plan  has  this  great  receptacle  for  silt;  and  to  pro- 
duce artificially  receptacles  for  silt  for  the  streams  coming  into  the 
sea -level  plan  would  require  many  millions  of  dollars.  And  yet  the 
statement  is  made  here  iii  the  testimony  that  the  silt  from  here  would 
come  down  and  go  into  the  lock  canal,  while  not  a  particle  of  sedi- 
ment would  get  into  the  sea-level  canal. 

The  fact  that  sediment  would  get  into  the  sea-level  canal — for,  pracr 
tically,  it  is  impossible  to  keep  it  out — means  that  there  would  be 
dredging.  With  a  canal  having  a  depth  of  only  40  feet,  and  espe- 
cially where  the  bottom  is  in  rock,  if  that  depth  is  to  be  maintained 
at  nearly  40  feet,  it  would  mean  cleaning  the  material  off  as  soon  as  it 
had  gathered  to  the  depth  of  1  or  2  feet,  say,  and  would  reduce  the 
depth  to  38  feet  immediately  above  the  surface  of  the  rock,  which 
would  be  very  expensive.    That  is,  a  canal  in  rock  that  is  going  to 
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have  silt  come  into  it  ought  to  be  excavated  to  a  greater  depth  than 
40  feet. 

I  have  not  made  any  figures  to  cover  the  case,  but  it  would  seem  to 
me  that  the  dredging  on  the  sea-level  canal  would  be  a  large  item; 
and  I  think  it  can  hi  proved  by  the  detailed  figures  such  as  I  have 
eiven,  and  not  by  an  engineering  guess,  that  the  material  would  all 
deposit  in  the  case  of  the  lock-canal  plan. 

Those  are  the  items  that  make  up  the  bulk  of  the  maintenance. 
Of  course  there  is  the  government  of  the  Zone  and  other  things 
that  are  equal  in  both  cases. 

Senator  Dryden.  You  have  not  allowed  in  this  statement  anything 
for  the  interest  on  the  difference  in  the  capital  cost  of  the  two  plans  f 

Mr.  Stearns.  Not  in  this  statement.  If  that  were  allowed  the  capi- 
tal cost  of  the  two  plans  should  be  made  including  interest  during  con- 
struction, which  would  make  a  much  wider  difference  in  the  cost  be- 
tween the  two  than  the  mere  work  of  construction,  and  that  is  easily 
figured  by  anybody  who  wishes  to  do  it. 

Senator  Dryden.  That  would  be  a  permanent  difference,  of  course? 

Mr.  Stearns.  It  would. 

Senator  Hopkins.  Have  you  reduced  to  figures  the  difference  in 
cost  of  maintenance  of  the  two  tvpes  of  canal  ? 

Mr.  Stearns.  No;  but  my  judgment  is,  as  far  as  judgment  is  worth 
anything — my  engineering  guess  is  that  it  would  cost  as  much  to 
maintain  the  sea-level  canal  as  the  lock  canal. 

The  Chairman.  Mr.  Steams,  have  you  any  statement  to  make  in 
reference  to  the  other  dams  on  the  lock  plan  ? 

Mr.  Stearns.  I  think  they  are  governed  practically  by  the  same 
laws  and  rules  as  the  one  that  I  have  described  in  so  ^reat  detail. 
The  material  under  the  La  Boca  dam  I  think  is  even  more  impervious, 
although  we  have  not  as  many  boring.  It  may  be  more  muddy. 
That  was  anticipated ;  and  the  dam  on  its  upstream  side  was  carried 
out  a  long  distance  in  this  direction  [indicating!  so  that  there  would 
be  enough  weight  on  this  material  lying  outside  of  what  would  be 
the  natural  shape  of  the  dam  to  prevent  the  mass  of  the  dam  from 
crumbling  down  into  the  material  and  causing  a  flow.  I  do  not 
think  there  is  as  much  sand  over  there,  and  sand  is  the  element  that 
produces  friction  and  prevents  a  flowing  of  the  material  under  heavy 
weight.  There  is  no  question  about  the  ability  to  so  load  any  sucn 
material  as  that  that  it  will  not  flow  when  displaced. 

At  the  other  sites  the  rock  is  very  near  the  surface.  At  the  Ancon- 
Corozal  dam  I  think  our  borings  showed  in  no  case  rock  more  than 
4  or  5  feet  down,  although  they  were  not  sufficiently  frequent  to  show 
that  it  might  not  be  deeper  at  other  places. 

Testimony  has  been  given  with  regard  to  the  future  transformation 
of  a  lock  canal  into  a  sea-level  canal,  and  it  is  not  in  accordance  with 
the  report  of  the  majority  or  the  action  of  the  whole  Board  of  Con- 
sulting Engineers.  I  do  not  know  just  where  to  find  the  testimony, 
but  I  think  it  has  been  given,  that  if  a  canal  were  built  as  a  lock 
canal  it  would  never  be  transformed  to  a  sea-level  canal. 

Senator  Kittredge.  Do  you  favor  that? 

Mr.  Stearns.  I  think  it  will  be  done  some  time. 

Senator  Kittredge.  Do  you  favor  it? 

Mr.  Stearns.  The  question  is  too  indefinite  for  me  to  answer  yes 
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or  no.  I  think  I  will  ekplain  so  fully  that  my  proposition  will  be 
clear. 

My  belief  is  this :  That  by  building  a  lock  canal  at  the  present  time 
the  United  States  is  not  precluded  rrom  having  a  sea-level  canal  at 
some  future  time. 

Senator  Ankeny.  Would  it  not  be  very  expensive  to  transform  a 
lock  canal  into  a  sea-level  canal  eventually  ? 

Mr.  Stearns.  Yes ;  but  I  think  there  might  be  a  great  difference  in 
opinion  as  to  the  time  when  that  "  eventuallv  is  coming.  M\\ 
Bunau-Varilla,  who  came  before  us,  suggested  that  that  was  the 
proper  way  to  get  a  sea -level  canal  verv  soon  in  the  near  future,  and 
the  Board  of  Consulting  Engineers  did  not  agree  with  that  view,  be- 
cause they  thought  a  sea -level  canal  transformed  from  a  lock  canal 
would  cost  more  than  a  sea-level  canal  built  immediately. 

Senator  Taliaferro.  That  is  true,  is  it  not? 

Mr.  Stearns.  That  is  true. 

I  would  like  to  read  you  the  statements  which  are  made  here  in  the 
i*eport  of  the  majority,  and  which  are  fully  concurred  in  by  the 
minoritv.    They  are  as  follows: 

"  1.  ifhat  it  is  possible  to  turn  any  lock  canal  which  it  [the  Board] 
has  considered  into  a  sea-level  canal  without  interrupting  the  traific 
upon  it." 

That  it  is  possible  to  do  it. 

Senator  Hopkins.  That  is  the  judgment  of  the  entire  Board? 

Mr.  Stearns.  Of  the  entire  BoaroT 

I  will  omit  the  second  one,  which  says  that  it  is  not  financially  pos- 
sible to  do  it  now,  which  we  all  agreed  to.     [Reading:] 

"  3.  That  if  a  sea-level  canal  is  to  be  constructed  in  the  near  future 
it  should  be  built  directly,  without  first  building  a  lock  canal." 

We  were  all  agreed  upon  that — that  if  a  sea-level  canal  is  wanted 
in  the  near  future,  it  should  be  built  without  building  a  lock  canal 
first. 

"  4.  That  the  date  for  developing  a  sea-level  from  an  existing  lock 
canal  would  be  so  remote,  and  that  there  would  be  so  little  difference 
in  the  time  and  cost  of  the  transformation  for  different  types  of  lock 
canals  with  a  common  summit  level,  that  the  design  of  a  lock  canal 
should  not  be  controlled  by  the  view  that  it  is  subsequently  to  be  so 
transformed." 

The  view  that  I  hold  was  very  well  expressed  by  one  member  of  the 
majority  of  the  Board,  when  he  said  that  he  thought  it  could  be  done; 
and  we  all  aereed  to  that.  He  said :  '^  When  it  is  desired  the  financial 
difiBiculty  will  have  disappeared." 

The  lock  canal  is  estimated  by  the  minority  to  be  capable  of  taking 
care  of  a  traffic  of  80,000,000  tons  a  year.  I  think  the  price  per  ton 
on  the  Suez  Canal  is  at  least  a  dollar. 

General  Davis.  It  is  7|  francs  now. 

Mr.  Stearns.  That  would  be  a  dollar  and  a  half.  Eighty  million 
tons — or,  let  me  say,  60,000,000  tons,  instead — ^would  represent  $90,- 
000,000  a  year  of  revenue.  If  $90,0(K),000  a  vear  of  revenue  were  be- 
ing obtained  from  that  canal,  the  question  oi  whether  it  cost  another 
year's  revenue  or  two  years'  revenue  would  not  be  of  importance. 
Fifty  or  seventy-five  years  from  now,  if  a  sea-level  canal  is  wanted, 
there  is  no  reason  why  it  should  not  be  constructed ;  and  I  think  t{ie 

ENG 
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statements  that  I  have  read  show  that  that  is  the  judgment  of  the 
entire  Board,  although  statements  have  been  made  to  the  contrary 
here. 

Senator  An  ken  y.  Do  I  understand,  Mr.  Steams,  that  the  trans- 
formation can  be  carried  out  without  interfering  with  the  traffic 
on  the  canal  ?    Is  that  what  you  have  decided  ? 

Mr.  Stearns.  That  is  the  judgment. 

Senator  An  ken  y.  Of  the  engineers? 

Mr.  Stearns.  Of  the  engineers.  But  let  me  say  this:  That  as  a 
step  in  the  transformation,  under  the  plans  that  are  now  proposed, 
I  have  no  doubt  that  additional  locks  would  be  built.  At  least  two 
locks  at  Gatun  out  of  the  three  would  be  built  anew  with  reference 
to  the  transformation;  so  that  there  would  be  three  locks  for  use 
before  the  transformation  had  proceeded  very  far,  so  that  when 
working  in  one  there  would  be  two  for  traffic. 

But  the  additional  locks  probably  would  not  mean,  throughout 
the  whole  length  of  the  canal,  more  than  an  additional  $25,000,000; 
and  looking  to  the  time  when  I  have  suggested  that  this  is  to  be 
done — that  is,  when  the  traffic  gets  up  to  sixty  or  seventy  million 
tons  a  year — it  will  be  entirely  unimportant  whether  it  costs  an  extra 
$26,000,000  or  not. 

Senator  Ankeny.  But  I  imderstand  that  your  conclusion  was  that 
this  transformation  might  take  place  and  be  completed  without 
disturbing  the  traffic  on  the  lock  canal? 

Mr.  Stearns.  Yes;  that  is  the  unanimous  opinion  of  the  Board. 

Senator  Dryden.  You  have  no  doubt  read  the  testimony  of  one 
engineer  here,  who,  in  giving  his  opinion,  gives  one  directly  and 
diametrically  opposed  to  yours  upon  this  point? 

Mr.  Stearns.  Yes. 

Senator  Dryden.  He  has  testified,  in  eflFect,  that  if  we  built  a  lock 
canal  now,  we  shall  always  have  a  lock  canal;  that  while  it  might 
be  physically  possible  to  transform  a  lock  canal  into  a  sea-level 
canal,  the  price  would  be  prohibitive. 

Mr.  Stearns.  I  do  disagree  with  that  entirely ;  because,  as  I  have 
stated,  if  a  traffic  is  reached  equal  to  60,000,000  tons,  and  that  is  the 
occasion  for  transformation — that  they  want  to  accommodate  more 
traffic  than  can  well  be  carried  through  a  lock  canal — it  seems  to  me 
that  money  would  be  no  object.  It  seems  clear  that  that  would  be  the 
case,  with  $90,000,000  a  year  earnings ;  and  that  is  what  it  would  be 
at  the  rate  of  $1.50  a  ton. 

Senator  Dryden.  Have  you  made  any  figures  as  to  the  cost  of  trans- 
forming a  lock  canal  into  a  sea-level  canal? 

Mr.  Stearns.  Yes.  It  was  estimated  that  one  could  be  trans- 
formed from  the  85-foot  level  proposed  for  the  lock  canal  to  a  sea- 
level  canal  that  was  150  feet  wide  for  $208,t)00,000.  Now,  it  seems 
to  me  absolutely  certain  that  that  would  not  be  done,  because  it  would 
transform  it  into  a  canal  that  was  not  as  good  for  traffic  as  the  lock 
canal.  But  we  also  made  figures  as  to  what  it  would  cost  to  trans- 
form it  into  a  sea-level  canal  300  feet  in  width. 

.  Senator  Kittredge.  Do  you  mean  at  the  surface  of  the  water  or  at 
the  bottom? 

Mr.  Stearns.  At  the  bottom.  I  think  I  have  not  the  figures  with 
me — are  they  in  the  report? 
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General  Davis.  No;  they  are  not  in  that  book;  they  are  in  those 
detached  memoranda  or  records. 

Mr.  Steakns.  I  sliould  say,  from  having  rather  an  uncertain 
memory  on  that  particular  point,  that  it  was  about  $340,000,000. 

General  Davis.  Yes;  it  was  somewhere  in  that  neighborhood. 
That  is  about  right. 

Senator  Kittredge.  Why  not  build  the  sea-level  canal  now  ? 

Mr.  Stearns.  To  build  it  to  that  width,  which  would  make  it  better 
than  a  lock  canal,  would  require  not  only  this  $247,000,000  that  is 
estimated,  but,  according  to  the  estimates  of  the  Isthmian  Canal  Com- 
mission, another  $87,000,000,  and  take  many  more  years. 

Senator  Eittkedoe.  Are  the  only  objections  you  have  to  a  sea-level 
canal  the  matters  of  time  and  money  ? 

Mr.  Stearns.  I  will  have  to  qualify  my  answer  by  saving,  that  I 
think  a  sea-level  canal  if  made  irom  300  to  400  feet  wide  would  be 
far  preferable  to  a  lock  canal — assuming,  of  course,  that  due  care 
was  taken  to  keep  the  silt  and  tributary  streams  in  such  a  condition 
that  they  would  not  interfere  with  the  operation  of  the  canal. 

Senator  Kjttredoe.  That  could  be  done,  could  it  not? 

Mr.  Stearns.  I  think  it  can  be  done.  It  is  only  a  question  of 
money  and  time. 

Senator  Taliaferro.  Do  you  think,  Mr.  Stearns,  that  a  sea-level 
canal  of  the  width  of  300  feet  could  be  built  there  for  $87,000,000 
more  than  the  estimate  of  the  Board  for  the  150  or  200  foot  canal? 

Mr.  Stearns.  I  have  no  information  upon  that  point  that  is  at  all 
definite  except  the  statement  of  the  Isthmian  Canal  Commission. 

Senator  Taliai^erro.  Have  you  looked  into  that  question  at  all  ? 

Mr.  Stearns.  Not  enough  to  give  an  opinion. 

Senator  Taliaferro.  Did  the  Board  look  into  it  in  considering  the 
type  of  the  canal? 

General  Davis.  Only  to  the  extent  you  speak  of  in  regard  to  the 
transformation. 

Senator  Simmons.  How  long  would  it  take  to  build  a  300-foot  sea- 
level  canal,  Mr.  Steams? 

Mr.  Stearns.  There  is  one  way  of  getting  a  rough  estimate  of  the 
time  required  to  build  the  canal,  and  that  is  by  the  amount  of  money 
that  can  be  practically  expended  in  a  year.  I  found  that  $15,500,000 
would  have  been  expanded  in  a  year  for  a  sea-level  canal  completed 
in  fifteen  years.  At  that  same  rate,  from  five  to  six  years  additional 
would  be*  required  to  spend  an  additional  $87,000,000.  That  is 
rather  a  crude  estimate,  but  it  would  not  be  so  verv  far  from  the 
truth. 

Senator  Taliaferro.  So  you  have  a  way,  Mr.  Steams,  of  estimating 
the  time,  but  no  way  of  estimating  the  amount  ? 

Mr.  Stearns.  Do  you  mean  the  amount  in  dollars? 

Senator  Taliaferro.  I  say  you  have  a  means  of  estimating  the 
additional  time  that  would  be  required  to  construct  this  300-foot 
canal,  but  you  have  no  means  of  estimating  the  additional  cost  of 
such  a  canal  ? 

Mr.  Stearns.  I  have  stated  that  the  Isthmian  Canal  Commission 
has  given  an  estimate  of  the  cost  which  seems  to  me  reasonable,  I 
will  say ;  but  I  have  made  no  figures,  so  that  I  can  not  tell  exactly. 

Senator  Ankeny.  Has  it  not  been  considered  that  this  widening 
of  the  sea-level  canal  might  go  on  without  interruption  of  traflSc? 
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Say  that  it  was  built  upon  plans  that  appear  in  the  majority  re- 
port. Assuming  that  it  is  constructed  on  a  basis  of  160  feet,  might 
it  not  be  widened  to  300  feet  without  disturbing  the  traffic  that  might 
go  on  in  a  150- foot  canal  ?  In  other  words,  those  betterments  might 
go  on  without  disturbing  the  traffic  in  the  the  first  proposition  ? 

Mr.  Stearns.  I  think  they  could  to  some  extent — that  is,  where  the 
material  was  sand  and  gravel  that  could  be  dredged ;  and  especially 
toward  the  ends  of  the  canal,  that  could  be  dredged  and  taken  out  to 
sea  quite  readily.  In  the  Culebra  cut,  to  carry  that  widening  process 
at  all  fast  witn  the  sea-level  canal  and  traffic  through  it  would  be 
troublesome.  If  many  scows  or  barges  were  employed  to  carry  the 
material,  it  would  interfere  considerably  with  the  traffic  through  so 
narrow  a  canal.  Of  course  it  could  be  done  in  the  dry  above  water 
level.    J  think  it  could  be  done. 

Senator  Ankeny.  Without  disturbing  the  traffic  ? 

Mr.  Stearns.  Well,  I  do  not  think  it  could  be  done  entirely  with- 
out disturbing  the  traffic. 

Senator  Ankeny.  I  mean  materially. 

Mr.  Stearns.  But  without  very  seriously  disturbing  it. 

Senator  Hopkins.  Can  a  lock  canal  be  transformed  into  a  sea-level 
canal  without  disturbing  the  traffic  seriously  ? 

Mr.  Stearns.  I  should  think  it  could;  and  I  had  better  give  my 
reason,  I  presume. 

Senator  Hopkins.  Yes. 

Mr.  Stearns.  The  portion  to  be  widened  from  200  feet  to  a 
greater  width  at  the  Culebra  cut  is  only  4.7  miles  long.  That  would 
not  require  the  removal  of  nearly  as  much  material,  and  the  barges 
could  be  towed  down  into  Gatun  Lake,  and  as  soon  as  they  got  into 
the  wide  channel — 500  feet  wide — they  would  not  interfere  with 
navigation.  Moreover,  the  lake  is  deep  enough  so  that  barges,  with 
their  small  draft,  could  go  almost  anywhere  in  it.  They  could  be 
taken  to  places — and  there  are  many  oi  them — in  the  bays  where  the 
material  could  be  dumped,  making  quite  a  short  haul  for  the  material 
that  would  come  from  the  Culebra  cut.  There  are  places  down  there 
where  a  lar^e  amount  of  material  could  be  dumped.  It  would  be 
more  convenient  than  taking  it  away  out,  as  in  the  sea-level  canal, 
to  the  sea ;  and  if  it  is  not  taken  out  to  the  sea  any  material  that  is 
dredged  or  taken  below  the  water  level  will  have  to  be  hoisted  up 
in  some  way  to  where  it  will  not  run  back  into  the  canal. 

Senator  Hopkins.  I  do  not  want  to  interfere  with  your  plan  of 
developing  your  ideas  on  the  subject  of  the  two  different  types  of 
canal,  but  before  you  get  through  with  your  statement,  Mr.  Steams, 
I  would  like  to  have  you  go  back  to  the  Gatun  dam  and  speak  of  the 
locks  there.  The  contention  has  been  made  that  there  is  not  room 
enough  there  to  establish  a  flight  of  three  locks,  and  I  want  to  hear 
from  you  fully  on  that  subject  before  you  get  through.  I  do  not 
want  to  interrupt  you. 

Mr.  Stearns.  I  will  state  it  now ;  it  is  just  as  well  as  at  any  other 
time.    I  saw  the  draftsman  at  the  Panama  Canal  Commission • 

Senator  Hopkins.  Before  you  make  that  statement,  let  me  ask 
this  question:  The  plan  that  is  proposed  by  the  minority  provides 
for  a  flight  of  three  locks  of  900  feet  each,  1  think? 

Mr.  Stearns.  Yes ;  900  feet  of  usable  length. 
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Senator  Hopkins.  Yes;  usable  length.  Now,  the  statement  was 
made  by  Mr.  Bates,  and  I  think  some  others,  that  the  space  is  not 
suflScient  to  provide  for  locks  of  that  character. 

Mr.  Stearns.  The  statement  probably  arose  from  a  draftsman's 
error  in  this  plan  of  the  Gatmi  dam,  where  the  locks  are  shown 
shorter  than  900  feet  of  usable  length. 

Senator  Hopkins.  Now,  what  paper  is  that?  I  ask  so  that  it  can 
be  identified  by  the  reporter. 

Mr.  Stearns.  Plate  11.  The  estimates  were  all  made  upon  a  large 
scale  drawing  which  I  saw  this  morning,  and  that  large  scale  drawing 
shows  locks  with  a  usable  length  of  900  feet. 

If  this  plan  had  been  correctly  drawn,  these  locks  would  have  been 
lengthened  by  an  amount  which  I  do  not  exactly  remember,  but  which 
I  snould  say  was  about  200  feet.  The  borings  show  that  those  locks 
could  be  moved  upstream  not  less  than  300  feet  if  desired,  and  still 
have  a  rock  foundation  for  the  locks  themselves,  but  not  for  the 
approach  wall.  The  approach  wall,  as  shown  on  this  plan,  does  not 
have  a  rock  foundation,  and  there  is  no  chance  whatever  for  it.  It 
was  never  contemplated. 

That  approach  wall  was  to  be  built  on  material  filled  out  as  a  foun- 
dation, according  to  our  plans,  and  on  that  was  to  be  placed  a  timber 
crib  which  can  rest  on  a  foundation  which  is  not  absolutely  solid; 
and  on  the  top  of  the  timber  crib  was  to  be  a  concrete  capping.  It 
is  just  the  same  kind  of  construction  that  is  used  at  the  Soo  Canal. 
There  is  also  room  for  moving  the  lock  farther  on  the  downstream 
end.  There  is  no  question  whatever,  so  far  as  we  know,  as  to  the 
feasibility  of  building  locks  of  the  length  contemplated. 

Senator  Kittredge.  What  do  you  mean  by  that — ^"  so  far  as  you 
know?"  Do  you  not  know  all  about  the  foundational  conditions 
there? 

Mr.  Stearns.  The  borings  at  the  Isthmus  were  made  in  connection 
with  a  plan  which  is  somewhat  diflFerent  from  the  one  now  proposed. 
It  was  a  plan  for  two  locks,  and  they  were  located  in  a  different  posi- 
tion. As  a  result,  we  have  not  borings  at  the  lower  end  of  the  lock,  but 
there  are  borings  near  bv. 

Senator  KirrREDOE.  llow  near? 

Mr.  Stearns.  The  nearest  one  is  about  150  feet  from  the  lock 
waU,  and  I  should  say  about  700  feet  above  the  lower  end  of  the 
lock.  The  greater  number  of  those  borings  showed  quite  generally 
a  depth  of  trom  20  to  30  feet  down  to  the  indurated  clay.  They  were 
so  uniform  that  Mr.  Maltby  in  the  letter  made  the  statement  that 
"  the  clay  seems  to  be  found  here  about  20  or  30  feet  below  the 
surface."'  The  excavation  toward  the  lower  end  of  the  lock  will  nec- 
essarily be  85  feet  deep ;  and  there  is  hardly  a  question  but  that  in- 
durated clay  will  be  found  far  above  that  level,  so  that  the  lock  can 
be  placed  upon  the  indurated  clay.  We  did  not  have,  in  the  short 
time  at  our  disposal,  an  opportunity  to  settle  every  detail  point,  but 
there  seemed  to  be  no  reason  to  doubt  that  additional  borings  would 
show  that  that  was  all  right.  It  certainly  shows  by  the  high  ground 
there  that  it  is  not  alluvial  material. 

Senator  Kittredge.  Are  there  any  reasons  in  favor  of  the  propo- 
sition which  you  can  suggest? 

Mr.  Stearns.  In  favor  of  the  statement  that  indurated  clay  would 
be  found? 
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Senator  Kittredge.  That  you  can  go  down  there  and  get  a  satis- 
factory foundation  ? 

Mr.  Stearns.  Why,  I  think  so.  The  fact  that  borings  along  there 
showed  similar  results  would  indicate  that  very  strongly — uiat  is, 
since  they  showed  that  the  indurated  clay  was  within  20  or  30  feet 
of  the  surface,  we  are  quite  certain  that  it  would  be  found  certainly 
within  80  feet. 

There  is  one  point  here,  outside  of  the  line  of  the  lock,  however, 
where  a  boring  went  down  to  a  great  depth;  and  it  might  be  found 
that  the  clay  would  be  deeper  at  some  point  where  the  lock  is  sit- 
uated. I  do  not  think  that  would  be  fatal  with  regard  to  this  lower 
lock.  I  am  now  consulting  engineer  on  a  work  where  a  tidal  lock 
is  being  built  on  piles.  I  do  not  think  I  should  want  to  suggest  piles 
for  this  plan,  but  I  have  no  doubt 

Senator  Kittredge.  How  many  cubic  yards  of  masonry  go  into 
the  lock  structure?     It  is  3,000,000,  is  it  not? 

Mr.  Stearns.  I  think  very  likely;  I  should  think  it  might  be 
3,000,000  in  all  the  locks  the  whole  length  of  the  canal. 

Senator  Kittredge.  That  would  require  a  good  solid  foundation? 

Mr.  Stearns.  The  solidity  of  the  foundation  would  depend  upon 
the  height  of  the  walls  at  that  particular  place. 

Senator 'Kittredge.  You  would  have  to  have  a  good  foundation 
all  along  the  lock  structure,  would  you  not? 

Mr.  Stearns.  Certainly. 

Senator  Kittredge.  In  order  to  have  a  good  foundation  you  would 
have  to  have  it  go  all  the  way  along,  would  you  not  ? 

Mr.  Stearn3.  Yes.  It  is  more  important  to  have  a  very  resistant 
foundation  in  some  places  where  the  walls  are  high  than  in  other 
places  where  they  are  lower.  'Some  diflFerence  could  be  admitted. 

Senator  Kittredge.  In  the  operation  of  these  heavy  gates  and 
machinery  you  would  require  absolutely  solid,  firm  foundations, 
would  vou  not  ? 

Mr.  Stearns.  You  must  indeed  have  them;  the  thing  must  remain 
immovable. 

Senator  Kittredge.  Absolutely  inmiovable? 

Mr.  Stearns.  Yes ;  but  the  j)ue  foundation  that  I  am  speaking  of 
in  connection  with  a  lock  that  is  being  built  on  work  that  I  am  now 
connected  with  is  also  an  absolutely  immovable  foundation  for  that 
lock. 

Senator  Kittredge.  What  is  the  size  of  the  lock  to  which  you  now 
refer? 

Mr.  Stearns.  This  is  about  350  feet  long,  45  feet  wide,  and  has  a 
depth  of  16  feet  at  low  tide. 

Senator  Kittredge.  Can  that  properly  be  compared  with  the  lock 
at  the  Gatun  structure? 

Mr.  Stearns.  It  is  not  nearly  as  heavy. 

Senator  Kittredge.  What  is  the  diflFerence  between  them  in  weight? 

Mr.  Stearns.  I  could  hardly  ^ess  at  that. 

Senator  Kittredge.  What  is  the  diflFerence  in  cubic  yards  necessaiv 
to  construct  the  locks  and  the  necessary  structure  connected  with 
them? 

Mr.  Stearns.  I  do  not  think  the  cubic  yards  have  anything  to  do 
with  it,  because  that  spreads  over  a  great  length  of  territory.    The 
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question,  as  I  have  already  said,  is  one  of  height  of  walls,  and  I  do 
not  know  those  figures  well  enough  to  tell  you. 
Senator  Kittredgs.  What  is  the  weight  of  the  gates  ? 
Mr.  Stbarns.  I  do  not  know ;  I  did  not  figure  those  at  all. 
Senator  Eltttsedoe.  What  is  the  weight  of  the  machinery  necessary 
to  operate  the  gates? 

Mr.  Stearns.  I  do  not  know.  That  was  the  part  that  I  was  not 
calculating  upon. 

Senator  Taliaferbo.  Speaking  of  those  borings  at  the  Gatun  dam, 
Mr.  Steams,  at  what  depth  did  I  understand  you  to  say  water  flowed 
up  through  the  pipes? 

Mr.  Stearns.  At  the  point  of  most  considerable  flow,  where  it 
came  up  through  a  2-inch  or  a  S^-inch  pipe  and  flowed  over  the  top 
to  a  depth  of  an  inch  and  three-quarters,  that  water  came  from  more 
than  200  feet  below  the  sea  level,  and  the  top  of  the  pipe  at  that  time 
was  probably  not  less  than  10  feet  above  sea  level. 

Senator  Taliaferro.  Did  the  borings  show  water  at  different 
depths  as  they  went  down  ? 

Mr.  Stearns.  That  material  is  saturated  from  top  to  bottom.  It 
is  down  below  sea  level;  it  could  not  help  being,  and  there  was  a 
small  flow,  where  the  water  just  trickled  over  the  sides  of  the  pipe,  at 
several  points.  They  are  all  noted  on  that  blueprint.  I  think  there 
was  shown  to  be  about  a  quarter  of  an  inch  of  depth  of  flow  over  the 
pipe  as  it  rose.  Do  you  catch  my  meaning  ? 
Senator  Taliaferro.  Yes. 

Mr.  Stearns.  The  water  flows  up  from  the  pipe,  and  then  goes 
over,  and  they  measured  the  amount  by  the  depth  on  the  edge  ot  the 
pipe  as  it  flowed  over. 

Senator  Taliaferro.  So  that  there  was  more  or  less  flow  of  water 
through  the  pipes  at  all  of  these  borings,  below  what  depth,  would  you 
sav? 

Mr.  Stearns.  I  did  not  say  at  all  the  borings;   there  were  a  few 
instances. 
Senator  Taliaferro.  Only  a  few? 

Mr.  Stearns.  Only  a  few.  They  can  all  be  picked  out  on  that 
blueprint  there. 

Senator  Taliaferro.  I  will  ask  you  to  pick  out  those  depths — at 
what  depth  water  first  appeared,  and  to  what  depth  it  went. 

Mr.  Stearns.  In  order  to  distinguish  these,  I  will  give  what  are 
called  the  stations.  At  station  20,  plus  81,  the  water  flowed  one- 
quarter  of  an  inch  above  the  top  of  the  casing  from  a  point  32  feet 
below  sea  level  down  to  a  point  63  feet  below  sea  level. 

At  Boring  23  plus  37  the  water  flowed  with  one-quarter  of  an 
inch  depth  on  the  pipe  at  a  point  72  feet  below  sea  level.  At  this 
same  boring  the  water  flowed  with  a  depth  of  one-quarter  of  an  inch 
from  170  feet  below  sea  level  down  to  190  feet  below  sea  level. 

At  Station  22  plus  40  the  water  flowed  with  a  quarter  of  an  inch 
depth  over  the  casing  from  a  point  124  feet  below  sea  level. 

At  Station  27  plus  30  the  water  flowed  with  a  quarter  of  an  inch 
head  above  the  casing  from  a  point  151  feet  to  169  feet  below  sea 
level.     This  is  immediately  over  the  indurated  clay. 

At  Station  62  plus  67  there  was  a  flow  of  one-quarter  of  an  inch 
above  the  casing  from  41  feet  below  sea  level  to  65  feet  below  sea 
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level ;  and  from  that  same  pipe  a  flow  of  one  inch  above  the  casing 
at  215  feet  below  sea  level.  This  is  in  the  porous  pocket  that  has 
been  referred  to  so  many  times. 

At  Station  54  plus  51  the  water  flowed  If  inches  over  the  top  of 
the  casinff  from  192  feet  below  sea  level  down  to  229  feet  below  sea 
level.    This  is  also  water  from  the  porous  pocket. 

At  one  other  point,  at  Station  56  plus  48,  about  125  feet  below  sea 
level,  there  is  a  slight  flow  of  water  noted ;  no  measurement-. 

That  is  all. 

Senator  Taliaferho.  What  distance  do  those  several  stations  that 
you  have  enumerated  cover  across  the  site  ? 

Mr.  Stearns.  Including  the  high  ridge  in  between  the  two,  the 
greatest  distance  from  the  first  one  that  I  mentioned  to  the  last  one 
ic  3,600  feet. 

Senator  Kittredge.  Leaving  out  that  hill,  the  central  point  ? 

Senator  Taliaferro.  Taking  out  the  ridge. 

Senator  Kittredge.  Within  Uie  distance  where  the  borings  were 
actually  made  ? 

Mr.  Stearns.  If  I  divided  it  into  two  parts,  one  in  one  alluvial 
valley  and  the  other  in  the  other,  I  could  tell  you  better. 

Senator  Taliaferro.  State  it  in  your  own  way,  Mr.  Steams.  Just 
adopt  your  own  method. 

Mr.  Stearns.  In  the  alluvial  valley  of  the  island  the  most  dis- 
tant points  at  which  water  rose  through  the  pipes  were  650  feet  apart; 
and  m  the  alluvial  valley  west  of  the  island  the  most  distant  points 
were  381  feet  apart. 

Senator  Kittredge.  Were  there  any  borings  made  in  those  places 
that  water  did  not  appear  ? 

Mr.  Stearns.  Yes,  sir. 

Senator  Kittredge.  How  many  ? 

Mr.  Stearns.  Five  in  the  valley  east  of  the  island 

Senatoij  Hopkins.  The  island  is  the  pocket  you  have  spoken  of  in 
your  previous  testimony,  is  it  not? 

Senator  Taliaferro.  It  is  in  the  gulch. 

Mr.  Stearns  (continuing).  And  one  in  the  other  valley. 

Senator  Kittredge.  In  the  valley  which  you  first  described  those 
five  places  were  a  very  short  distance  below  the  surface;  they  were 
not  very  deep,  were  they  ? 

Mr.  Stearns.  The  shortest  is  32  feet  and  the  next  shortest  is  72 
feet. 

Senator  Kittredge.  You  have  said  that  in  that  pocket  there  were 
five.  Three  of  those  five  borings  went  to  what  depth — ^the  shortest 
borings  ?  It  is  over  at  this  side  where  you  struck  the  indurated  clay, 
is  it  not? 

Mr.  Stearns.  There  is  no  water  there. 

Senator  Kittredge.  Well,  those  are  the  three  of  the  five  that  you 
described  ? 

Mr.  Stearns.  As  having  no  water? 

Senator  Kittredge.  Yes. 

Mr.  Stearns.  Yes. 

Senator  Kittredge.  Now,  to  what  depth  do  those  go  ? 

Mr.  Stearns.  I  was  going  to  say  that  those  that  showed  no  water 
ns  a  rule  were  the  shorter  borings. 
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Senator  Kittredge.    I^  other  words,  when  you  got  down  to  any 

depth  you  were  ahnost  certain  to  find  water.    Is  not  that  the  fact 

disclosed  by  that  report? 

Mr.  Stearns.  I  should  say  that  it  was,  at  some  point  in  the  depth. 

Senator  Taliaferro.  These  borings  are  immediately  under  the 

proposed  dam  ? 

Mr.  Stearns.  Yes.    I  might  add  that  I  do  not  think  the  water  be- 
ing found  there  has  any  significance. 
Senator  Taliaferro.  That  is,  of  course,  a  question. 
Senator  Hopkins.  Why? 

Mr.  Stearns.  Because  water  is  very  generally  found  under  such 
circumstances.  It  falls  on  the  adjacent  upland  and  gets  down  into 
the  ground  under  a  very  slight  increase  of  pressure.  It  may  be  only 
a  barrelful  or  two  barrelsful,  or  something  of  that  sort — ^not  a  great 
quantity — and  if  a  pipe  is  driven  it  is  very  likely  to  come  up.  A 
number  of  these  pipes  were  driven  from  a  point  more  than  10  feet 
above  the  level  of  the  Ghagres  River  there,  and  if  they  had  been 
driven  from  a  level  that  was  down  near  the  river  probably  all  of  them 
would  have  shown  some  flow.  If  the  water  seeping  in  from  the 
adjacent  high  ground  to  that  will  not  find  its  way  underneath  there, 
it  is  almost  sure  that  there  is  no  more  pressure  in  the  interstices  of  any 
sand  that  is  found  than  the  pressure  that  is  due  to  the  head  of  the 
river  above. 

Senator  Hopkins.  But  the  quantities  are  so  infinitesimal  that  it 
can  have  no  material  effect  oih  the  land  ? 

Mr.  Stearns.  Oh,  not  at  all;  they  mean  nothing.  They  have  no 
significance,  except  this  freer  flow  that  was  found  to  exist  in  this  deep 
pocket,  and  water  would  not  flow  so  f  reelj  as  to  come  up  through  200 
feet  of  pipe  and  when  it  got  to  the  top  rise  an  inch  ana  a  half  above 
the  top  of  the  pipe  if  there  was  not  free  water-bearing  material  to 
bring  it  in  at  that  rate.  There  is  free  water-bearing  material,  I  think, 
down  in  that  pocket  that  is  200  feet  down. 

Senator  Dryden.  Mr.  Steams,  I  want  to  revert  again  to  the  usable 
length  of  these  locks.  That  is  an  important  matter  and  there  is  a 
conflict  of  testimony  in  regard  to  it.  Mr.  Bates  had  a  model  here 
the  other  day,  and  by  placing  there  a  model  of  a  ship  relatively  788 
feet  long,  I  think,  he  showed  that  there  was  a  space  or  only  2  feet  left 
in  the  usable  length  of  those  locks.  A  subsequent  witness,  an  engi- 
neer, testified  that  while  the  usable  space  in  these  locks  from  outer 
gate  to  outer  gate  was  900  feet  long,  the  usable  space  from  inner  gate 
to  inner  gate  was  only  790  feet  long. 

I  would  like  to  ask,  in  the  first  place,  whether  these  inner  gates 
were  the  result  of  a  second  thought  on  the  part  of  the  engineers? 

Mr.  Stearns.  The  inner  gates,  or  the  double  gates,  that  you  refer  to 
were  placed  only  on  the  summit  level;  and  they  are  a  safeguard 
against  the  possibility  of  any  ship,  by  some  mistaken  notion — some 
mistaken  understanding  of  signals — going  through  the  locks,  and 
making,  as  it  might  with  a  single  lock,  a  breach  through  which  the 
water  of  the  lake  could  run  out,  causing  disaster;  and  with  the 
provisions  which  have  been  made  of  these  double  gates,  and  also 
a  movable  dam  inside,  there  is  a  still  further  precaution,  the  double 
gates  being  probably  sufficient  for  anything  that  might  happen. 
They  were  provided  for  safeguards — not  as  an  afterthought,  but 
as  a  part  of  the  design. 
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Senator  Dryden.  They  were  a  part  of  the  original  design! 

Mr.  Stearns.  They  were  a  part  of  the  original  design. 

Senator  Dryden.  Then  why  is  it  reported  to  us  that  the  usable 
length  of  those  ^tes  is  900  feet  when  it  is  really  only  790  feet. 

Mr.  Stearns.  Well,  it  is  not  the  case. 

Senator  Dryden.  And  yet  two  very  prominent  engineers  have 
been  misled. 

Mr.  Stearns.  I  do  not  know  whether  they  have  seen  the  working 
drawings  at  the  office  of-  the  Canal  Commission  on  which  those  were 
based.  As  I  have  already  stated,  if  they  had  taken  it  from  this 
plan  here,  where  the  draftsman,  in  reducing  those  large  drawings 
to  a  small  scale,  so  as  to  put  them  on  this  plan,  made  a  mistake,  then 
they  would  find  such  results  as  you  speak  of. 

Let  me  take,  first,  the  two  lower  locks  where  there  are  no  double 
gates.  In  those  the  distance  from  lock  gate  to  lock  gate  is  965  feet; 
and  the  gates  will  swing  so  as  to  leave  900  feet  of  usable  length. 
I  have  not  verified  this  by  actually  swinging  them  myself,  but  mat 
is  what  I  was  told  continually.  I  looked  at  the  plans  this  morning, 
and  that  is  what  they  show.  I  did  not  try  swinging  the  gates,  but 
there  was  955  feet  of  gross  length,  working  out  into  900  feet  of  usable 
length. 

Now  let  us  come  to  the  upper  lock.  There  are  double  ffates  at  the 
upper  end  of  it,  and  there  are  double  gates  at  the  lower  end  of  it.  At 
the  upper  end  this  measurement  of  950  feet  goes  from  the  inner  one 
of  the  two  gates,  but  in  measuring  down  to  the  lower  end  of  that 
summit-level  lock  it  was  assumed  that  only  one  gate  would  be  used 
if  there  was  a  ship  900  feet  long;  that  is,  the  precaution  that  is  pro- 
vided against  all  ordinary  operations  would  not  be  provided  in  the 
case  of  a  ship  900  feet  long.  But  on  the  contrary,  the  rule  would  be, 
I  should  assume — of  course  I  do  not  know  what  the  rules  will  be- 
but  the  rule  should  be  made,  with  a  ship  that  goes  in  there,  with  only 
a  single  gate,  that  it  should  be  taken  m  with  a  tug  and  should  not 
turn  its  propeller,  and  that  it  shall  have  its  lines  out  and  go  in  slowly. 
You  know  that  if  a  900-foot  ship  is  in  existence,  going  through  that 
canal,  it  is  not  probable  there  would  be  anv  more  than  two  or  ftiree  in 
a  year.  The  great  bulk  of  ships  are  small.  The  big  ship  is  the  very 
rare  thing.  I  think  there  are  only  six  or  seven  or  eight  ships  in 
existence — ^you  probably  have  had  that  testimony  before  you — ^which 
are  of  this  large  size,  and  those  are  all  on  the  North  Atlantic  route. 

I  have  had  a  drawing  made  which  might  illustrate  this  to  some  ex- 
tent. That  [indicating  drawing]  shows  a  lock  with.  955  feet  gross 
and  900  feet  net  length,  in  which  the  largest  ship  now  in  existence  is 
placed.  .Here  is  one  lock  ^ate;  there  is  the  other  lock  gate,  and  that 
IS  the  spare  room.  That  is  the  Baltic.  The  Carmania^  the  biggest 
Cunarder  that  was  launched,  I  think,  last  year — anyway,  the  largest 
now  in  service — ^which  is  676  feet  long  by  73  feet  wide,  is  shown  bv 
this  black  indication,  and  it  shows  how  much  leeway  there  is  in  a  lock 
of  that  size. 

Coming  down  to  something  that  is  not  quite  as  large,  here  is  the 
St.  Paul^  a  boat  that  is  well  known  as  being  one  of  the  American  Line, 
and  that  was  used  in  the  Spanish  war  as  one  of  our  fast  scouts.  It  is 
one  of  the  express  steamers  across  the  Atlantic,  and  you  can  see  what 
length  there  is  to  spare  with  a  ship  of  that  kind. 
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Then  I  have  put  in  here  something  more  on  the  ordinary  size  of 
ship.  There  are  four  in  the  lock.  That  is  based  on  dimensions 
given  me  for  the  largest  coastwise  steamers;  and  I  take  it  that  it 
covers  also  the  steamers  that  go  from  New  York  to  Cuba  and  to 
Panama  and  to  Mexico — the  largest  size.  The  smaller  ones,  if  they 
were  put  in  there,  might  be  packed  in  six  at  a  time ;  and  those  are  the 
ships  that  would  ordmarily  come  to  the  canal. 

It  seems  to  me  to  be  no  disadvantage  worth  consideration^ — ^that  it 
is  not  worth  the  additional  monev  to  len^hen  that  upper  lock  so  as 
to  take  in  this  enormously  large  ship  (which  would  come  very  rarely, 
if  at  all)  with  both  gates  closed. 

Senator  Dryden.  But,  Mr.  Bates,  these  safety  gates,  if  they  are 
ever  needed  for  a  protection,  would  be  needed  in  time  of  danger. 
Now,  is  not  the  time  of  danger  the  time  when  you  have  a  big,  power- 
ful vessel,  one  of  the  largest  and  longest  vessels  afloat,  in  there?  Is 
not  that  when  the  safety  gates  are  going  to  be  needed,  if  ever  ? 

Mr.  Stearns.  I  do  not  think  so ;  because  if  those  vessels  come  only 
two  or  three  times  a  vear,  there  is  no  reason  why  an  additional  fifteen 
minutes  should  not  be  taken  to  carry  them  in,  and  the  requirement 
be  made  that  they  shall  not  turn  their  propeller  wheels.  There  is 
no  danger  to  the  gates  if  boats  are  put  in  slowly. 

Senator  Dryden.  Then,  if  they  are  not  to  be  used  except  when  they 
are  needed  as  a  protection  against  the  greatest  danger,  why  are  they 
there  at  all? 

Mr.  Stearns.  Because  vou  have  practically  the  same  danger  from 
a  ship  Uie  size  of  the  St.  Paul  that  you  would  have  from  one  of  those 
largest  ships.  To  make  speed  in  getting  in  and  out  of  those  locks  it 
is  desirable,  judging  from  the  experience  of  the  Soo  Canal,  that  thev 
should  be  permitted  to  use  their  own  propellers  and  to  go  in  with 
their  own  power.  Now,  that  could  be  done,  we  will  say,  with  a 
thousand  ships  in  a  year,  and  2.000  or  3,000,  whatever  the  number 
might  be ;  and  yet  you  could  follow  another  rule  of  not  permitting 
the  very  large  ones  that  came  only  three  times  a  year  to  do  so,  with- 
out interrupting  the  traffic  of  the  canal. 

Senator  Dryden.  Now,  let  me  understand.  Is  it  true  that  the 
usable  space  between  these  inner  gates  is  but  790  feet?     Is  that  true? 

Mr.  Stearns.  I  do  not  think  it  is. 

Senator  Dryden.  No  ;  I  understood  you  to  say 

Mr.  Stearns.  I  think  it  only  takes  out  80  feet. 

Senator  Dryden.  I  understood  vou  to  say  previously  that  you 
thought  it  was  a  draftsman's  mistake. 

Mr.  Stearns.  I  thought  it  might  result  from  that.  It  is  possible 
that  between  the  inner  gates  it  may  be  only  790  feet.  I  do  not  think 
it  would  need  110  feet  between  gates.     I  do  not  see  why  it  should. 

Senator  Dryden.  This  is  a  matter,  of  course,  which  you  are  not  in 
any  way  responsible  for,  but  the  query  occurs  to  me,  if  we  are  misled 
in  an  important  matter  like  this — and  this  is  certainlv  a  very  impor- 
tant matter,  as  aflFecting  this  lock  plan  of  canal — whether  we  have 
any  security  whatever  m  depending  upon  other  measurements  and 
drawings  made  here  by  the  draftsmen? 

Mr.  Stearns.  Well,  I  do  not  think  that  the  work  of  the  draftsmen 
in  procuring  plans  ought  to  be  brought  up  against  the  consulting 
engineers,  because  these  plans  would  never  be  used  as  a  basis  for  con- 
struction. 
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Senator  Dryden.  I  am  sorry  you  did  not  understand  me  to  say  a 
moment  ago  that  you  were  in  no  way  responsible. 

Mr.  Stearns.  I  so  understand ;  let  me  say  against  the  plan,  rather 
than  the  consulting  engineers;  that  is,  nobody  will  ever  work  from 
this  smaller  plan  to  determine  the  size  of  the  locks.  They  will  take 
the  figures  as  given  by  the  consulting  engineers  if  that  plan  is 
adopted,  and  the  larse  scale  drawings,  which  are  correct,  and  not  be 
governed  by  some  litUe  sketch  of  a  plan  which  should  have  been  right 
but  is  not. 

Senator  Dryden.  Yes;  that  is  true.  But  as  regards  the  work  of 
this  committee  you  must  bear  in  mind  that  we  have  to  go  by  the 
drawings,  maps,  and  plans  submitted  to  us;  and  we  have  been  asked 
and  urged  by  competent  engineers  here  to  reject  this  plan,  this  being 
given  as  one  of  the  reasons  why  we  ought  to  reject  it  Of  course  1 
ought  not,  perhaps,  to  press  this  as  against  you,  because  you  are  in 
no  way  responsible  for  it,  but  I  want  to  ask  one  more  question  in  con- 
nection with  the  location  of  the  lock  there. 

It  has  also  been  said  here  that  these  locks  could  not  be  len^hened. 
Now,  I  understand  you  to  hold  the  contrary  view,  and  certainly  one 
or  two  other  engineers  hold  the  contrary  view. 

Mr.  Stearns.  I  do  not  see  how  these  particular  locks  could  be 
lengthened.  What  would  be  done,  in  my  opinion,  if  larger  locks  are 
needed,  would  be  to  build  a  third  row  of  locks  at  this  location  [indi- 
cating]. If  that  [indicating]  did  not  give  you  sufficient  length  right 
immediately  beside  these  locks,  then  put  them  farther  into  the  hill, 
where  there  is  a  greater  length. 

There  is  no  reason  that  I  can  see  why  an  additional  lock  should 
not  be  built  there  at  any  time  when  they  are  desired.  They  could  be 
built  in  the  beginning,  adding  roughly,  I  should  say,  $30,000,000  to 
the  cost,  if  the  locks  were  made  125  feet  wide  by  1,200  feet  long  and 
giving  three  locks.  But  I  think  the  information  that  we  have  shows 
that  what  is  planned  is  sufficient  for  the  present,  and  probably  will 
be  sufficient  tor  thirty  or  forty  years.  Then  the  proper  time  will 
come  for  building  larger  locks  if  by  any  chance  it  should  be  found 
that  enoAgh  ships  of  larger  size  wished  to  go  through  by  the  Isthmus. 

This  is  what  has  been  done  in  the  past  experience  in  canals.  In 
the  Soo  Canal  they  built  first  a  small  lock.  They  could  not  have 
afforded  the  lock  that  was  built  more  recently.  Then  they  built  an- 
other size;  then  the  third  lock,  and  now  they  are  considering  another 
larger  one.  That  is  much  less  expensive  than  it  is  to  provide  for  a 
hundred  years  in  the  future. 

Senator  Knox.  What  is  the  length  of  the  largest  lock  at  the  Soo 
now ;  do  you  know  ? 

General  Davis.  Eight  hundred  feet. 

Mr.  Stearns.  Eight  hundred  feet,  I  am  told. 

Senator  Dryden.  Can  you  suggest  how  we  can  get  absolute  infor- 
mation as  to  the  usable  length  or  these  locks? 

Mr.  Stearns.  The  information  is  the  statement  of  the  consulting 
engineers  as  to  what  they  propose ;  and  the  only  question,  it  seems  to 
me,  that  might  arise,  would  be  whether  there  had  been  any  mistake  by 
which  something  should  be  made  longer.  Of  course  that  is  easily 
remedied  by  the  expenditure  of  a  very  small  sum;  but  there  is  no 
mistake,  in  my  opinion.     It  was  very  carefully  done  by  a  good 
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engineer  connected  with  the  drafting  work  there  under  Mr.  Noble's 
immediate  direction. 

Senator  Knox.  The  estimate  made  by  the  minority  was  for  locks 
with  a  usable  length  of  how  many  feet? 

Mr.  Stearns.  Sine  hundred  feet. 

Senator  Knox.  Of  a  usable  length  of  900  feet? 

Mr.  Stearns.  Yes. 

Senator  Knox.  And  the  estimate  of  cost  is  based  upon  having  locks 
with  that  much  usable  length  ? 

Mr.  Stearns.  Yes ;  and  you  will  understand  that  in  the  upper  lock 
that  usable  len^h  is  obtained  only  by  having  the  inner  gate  open  for 
a  very  great  ship. 

Senator  Knox.  I  quite  understand  that;  and  then  the  lower  locks 
would  have  an  actual  usable  length  of  900  feet  all  the  time? 

Mr.  Stearns.  Yes. 

Senator  Knox.  And  the  upper  lock  might  be  shorn  of  the  use  of 
how  many  feet  ? 

Mr.  Stearns.  I  think  it  is  80  feet. 

Senator  Knox.  What  would  be  the  greatest  length  of  vessel  which 
could  occupy  that  upper  lock  with  both  gates  shut,  both  the  safety 
gate  and  the  regular  gate  ? 

Mr.  Stearns.  As  nearly  as  I  know,  it  would  be  820  feet. 

Senator  Knox.  And  there  are  no  vessels  of  that  length  now  ? 

Mr.  Stearns.  There  are  none  in  existence  at  the  present  time. 

Senator  Knox.  No.  Now,  even  assuming  that  in  the  next  twenty 
years  they  grow  to  such  enormous  length — of  course  when,  you  enter 
the  lock  the  entering  gates  are  not  closed  until  after  the  vessel  gets 
in  the  berth  ? 

Mr.  Stearns.  No;  they  should  be  closed,  1  will  say,  inamediately 
as  the  vessel  goes  in. 

Senator  Knox.  At  once;  yes,  sir;  I  understand.  But  there  is 
nothing  to  prevent  the  use  of  a  tug  to  control  the  motions  of  the 
vessel,  so  that  she  need  not  go  in  under  her  own  power  ? 

Mr.  Stearns.  That  is  correct. 

Senator  Knox.  So  that  with  a  tug  and  with  proper  check  lines 
you  could  bring  the  vessel  up  to  within  a  very  few  leet  of  the  lock 
gate  with  absolute  safety,  could  you  not? 

Mr.  Stearns.  Yes. 

Senator  Hopkins.  Even  under  that  condition,  where  you  used  a 
tug  and  safety  lines,  you  could  throw  open  the  inner  gates  and  have 
the  entire  900  feet,  could  you  not?  ' 

ilr.  Stearns.  I  think  that  is  what  was  stated. 

Senator  Hopkins.  Yes. 

Senator  Kittredoe.  Suppose  you  put  a  ship  into  a  lock  in  the 
manner  that  Senator  Knox  has  indicated,  and  stop  it  just  before  you 
reach  the  safety  lock ;  how  would  you  push  it  ahead  ?  Would  you  use 
a  windlass,  or  what? 

ilr.  Stearns.  Generally  it  would  be  done  by  a  tug  behind  it. 

Senator  Kittredge.  Pushing  it? 

Mr.  Stearns.  Yes;  or  there  might  be  winding  machinery.  That 
has  been  suggested,  and  a  great  many  drawbridges  and  locks  have 
apparatus  to  wind  them  ahead  with  a  winch. 

Senator  Kittredge.  Was  that  the  plan  that  you  had  in  mind? 
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Mr.  Stearns.  I  never  have  studied  it  at  all  for  this  place.  I  have 
for  the  lock  that  I  am  connected  with  elsewhere. 

Senator  Kittredge.  That  is  a  little  bit  of  a  lock,  is  it  not? 

Mr.  Stearns.  It  is  not  very  large.  It  will  take  the  ordinary  small 
steamers  that  run  on  the  coastwise  trade. 

Senator  Kittredge.  It  is  comparatively  small,  is  it  not? 

Mr.  Stearns.  It  is,  decidedly ;  or  else  these  others  are  compara- 
tively large. 

Senator  Kittredge.  What  is  the  largest  ship  now  on  the  stocks? 

Mr.  Stearns.  It  is  said  to  be  800  feet  by  88  feet  by  36  to  38  feet 
draft.    I  have  seen  it  differently  stated.    In  fact,  I  have  seen  it 
stated  as  a  little  shorter  than  800  feet. 
'  General  Davis.  Seven  hundred  and  eighty-eight  feet. 

The  Chairman.  Do  you  mean  the  Cunard  ship? 

Mr.  Stearns.  Yes,  sir. 

The  Chairman.  She  is  either  780  or  788. 

Mr.  Stearns.  1  think  there  is  no  expectation  that  such  a  ship  will 
ever  get  through  the  canal ;  or,  at  least,  the  United  States  will  not  be 
very  much  interested  in  having  it.  The  United  States  could  not  ob- 
tain that,  ship  in  case  of  war,  I  believe,  as  it  is  subsidized  to  the 
British  Government. 

Senator  Knox.  Even  if  you  wanted  50  to  100  feet  more  of  usable 
length  in  those  locks,  as  I  understood  you  a  few  moments  ago,  there 
is  no  reason  why  the  locks  can  not  be  built  to  get  it? 

Mr.  Stearns.  No. 

Senator  Knox.  It  is  only  a  question  of  a  little  more  money  ? 

Mr.  Stearns.  It  is  a  question  of  money.  It  would  cost,  judging 
from  some  very  preliminary  estimates,  about  $4,000,000  more  to 
make  those  locks  100  feet  wide  with  1,000  feet  usable  length  than  to 
make  them  900  by  95. 

Senator  Kittredge.  I  understood  you  to  say  to  me  that  there  was 
a  question  about  getting  a  good  foundation,  too. 

Mr.  Stearns.  I  do  not  think  so.  I  think  there  is  plenty  of  room 
for  it. 

I  prepared  some  sections  a  short  time  ago,  of  which  I  have  photo- 
graphs here,  showing  one  of  those  Cunarders  that  have  not  yet  been 
launched,  and  I  should  acknowledge  my  indebtedness  for  the  picture 
of  the  Cunarders  to  the  Scientific  American.  I  have  shown  them  in 
sections  of  canal  that  are  150  feet  wide,  as  proposed  by  the  majority, 
and  with  sections  300  feet  and  500  feet  in  width,  as  proposed  by  the 
minority.  I  have  not  included  thfe  200- foot  section  in  the  lock,  or  the 
1,000- foot  section.  They  look  as  if  they  made  rather  a  close  fit  in  a 
150-foot  channel  and  very  close  to  the  bottom. 

Senator  Kittredge.  They  were  taken  that  way,  were  they  not? 
ThOT  were  taken  in  the  right  position  to  show  that,  were  they  not? 

Mr.  Stearns.  They  are  a  correct  drawing  as  far  as  the  width  of 
the  ship  is  concerned,  and  the  depth  and  the  width  of  the  canal  is 
concerned ;  and  they  show  one  ship  in  a  canal 

Senator  Hopkins.  That  is  tmder  the  sea-lev^l  plan,  is  it  ? 

Mr.  Stearns.  Yes ;  and  also  two  other  sections  under  the  lock-canal 
plan,  where  the  depth  is  45  feet.  You  will  see  in  those  two  wider 
sections  that  they  show  more  water  underneath  and  more  water  at 
the  sides ;  and  it  certainly  looks  as  if  it  would  be  more  comfortable, 
especially  if  a  ship  were  coming  in  the  opposite  direction.    And  it 
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should  be  remembered  that  even  those  ships  are  not  as  large  as  can  be 
passed  through  these  locks  proposed  by  the  minority. 

There  is  one  matter  that  occurs  to  me,  in  view  of  the  statement  that 
this  canal  is  wider  than  the  Suez  Canal — ^that  is,  that  the  sea-level 
canal  is  wider  than  the  Suez  Canal. 

The  Suez  Canal,  as  I  understand,  has  a  bottom  width  of  from 
108  to  118  feet.  The  ships  that  go  through  it — I  picked  out  the  four 
largest  that  were  mentioned  by  Mr.  Quellenec  in  giving  us  some  state- 
ment as  to  the  largest  ships  that  went  throu^  the  canal.  They 
have  there  a  length  of  560  feet  bv  62  by  26,  500  by  71  by  26,  400  bv  76 
by  26,  and  390  by  75  by  26.  While  there  is  one,  a  battle  ship,  which 
is  very  wide  in  proportion  to  its  length — ^that  is,  400  feet  long  and 
76  feet  wide — I  do  not  think  that  they  offered  the  difficulty  to  navi- 
gation that  would  be  offered  by  a  very  Ions  ship,  and  it  is  proposed 
to  allow,  say,  a  93-foot  ship  to  go  through  mis  canal,  even  in  the  mi- 
nority plan,  as  against  the  widest  one  there  of  76.  But  if  that  93' 
foot  ship  should  also  be  long,  it  seems  to  me  it  would  be  much  more 
difficult  to  navigate  in  a  canal,  because  if  a  boat  occupying  the  large 
part  of  the  section  gets  started  a  little  to  one  side  the  water  which  is 
rushing  back  past  the  ship  to  prevent  a  vacuum  behind  it  tends  to 
crowd  it  over  to  one  side. 

Senator  Kittredge.  Mr.  Steams,  may  I  return  to  this  picture  a 
minute? 
Mr.  Stearns.  Certainly. 

Senator  Kfttredge.  Wnat  is  the  draft  of  these  boats? 
Mr.  Stearns.  It  was  originally  given  in  a  statement  made  to  us 
by  the  Isthmian  Canal  Commision  as  36  feet  in  salt  water.    I  have 
seen  a  more  recent  statement  as  38  feel.    That  is  drawn  as  if  it  were 
38  feet. 
Senator  Kittredge.  What  boat  is  this? 

Mr.  Stearns.  One  of  the  two  unnamed  Cunarders  that  have  not 
yet  been  launched. 
Senator  Kittredge.  And  what  is  their  length? 
Mr.  Stearns.  About  800  feet.     It  is  stated  here  as  788  feet 
Senator  Kittredge.  You  say  the  draft  is  how  much? 
Mr.  Stearns.  Thirty-six. 

Senator  Kftfredge.  That  leaves  them  4  feet  of  water? 
Mr.  Stearns.  If  the  canal  has  the  full  depth;  yes. 
Senator  Kittredge.  That  is  all  there  is  to  these  pictures,  is  it  not? 
Senator  Taliaferro.  You  have  not  a  picture  of  one  of  the  Cunard- 
ers in  a  lock? 

Senator  Knox.  Well,  that  is  all  the  pictures  purport  to  show,  is 
it  not  ?  I  do  not  understand  that  the  pictures  are  intended  to  convey 
any  other  idea,  are  they,  Mr.  Steams?  These  photographs  are  not 
intended  to  convey  any  idea  to  us  except  to  show  the  relative  size  of 
the  ships  in  the  water  in  the  lock  and  in  the  sea-level  canals? 

Mr.  Stearns.  It  was  thought  that  a  graphic  representation  would 
be  an  easy  way  and  a  satisfactory  way  to  judge  of  the  relative  size  of 
the  ship  and  the  section  of  the  canal. 

Senator  Taliaferro.  As  a  practical  argument  in  favor  of  the  lock 
canal? 

Mr.  Stearns.  I  should  think  so — ^in  favor  of  wide  channels. 
Senator  Taliaferro.  And  deep  draft? 
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Mr.  Steahns.  And  plenty  of  room  under  the  boat.  They  steer 
badl^,  so  I  am  told. 

It  is  stated  in  the  report  of  the  maiority  (as  having,  I  think,  scxne 
bearing  upon  the  question  of  canals)  that  all  of  the  canals  of  the 
world,  wiui  one  exception,  were  being  widened;  and  then  it  added, 
"As  this  is  going  to  press  we  learn  that  the  other  one  is  being  widened, 
too."  The  tendency  is  very  strongly  in  favor  of  wide  channels, 
although  ships  ^t  through  narrow  ones ;  and  I  believe  myself  that 
the  wide  channels  and  the  deep  channels  have  an  immense  advantage 
in  navigation  as  regards  safety. 

Senator,  your  attention  has  been  called  to  the  question  as  to  how 
often  ships  go  aground  in  the  Suez  Canal.  The  only  statistics  avail- 
able were  some  tnat  were  gathered  in  1899  or  1900,  at  the  time  of  the 
original  Isthmian  Canal  Q)inmission ;  and  I  would  like  to  read  those 
statistics  to  you,  if  they  have  not  been  called  to  your  attention. 

Senator  Kittredge.  Are  they  in  the  report? 

Mr.  Stearns.  They  are  in  the  report. 

Senator  Kittredge.  If  you  will  call  our  attention  to  the  pages,  that 
will  be  sufficient  so  far  as  I  am  concerned. 

Mr.  Stearns.  If  that  is  all  that  is  desired,  the  statement  may  be 
found  on  page  93. 

Senator  Hopkins.  If  it  is  short,  I  would  like  to  have  it  in  connec- 
tion with  your  testimony. 

Mr.  Stearns.  It  is.  These  statistics  were  taken  from  the  records 
of  the  Suez  Canal  and  show  the  delays  to  traffic  from  ships  ground- 
ing during  a  period  of  eight  months,  from  January  to  August,  1899, 
inclusive.  No  delay  of  less  than  six  hours  was  included.  The 
groundings  of  more  than  six  hours  were  15  in  number,  the  aggre- 
gate delays  to  the  grounded  ships  being  two  hundred  and  ninety-two 
hours  anS  twenty-nine  minutes.  In  14  of  the  15  cases  the  channel 
was  blocked  so  that  other  ships  could  not  pass,  the  total  time  during 
which  the  canal  was  blocked  being  one  hundred  and  eighty -five  hours 
and  forty-six  minutes. 

There  are  also,  on  this  same  page  and  in  an  appendix^  statements 
of  the  blockades  that  have  occurred  in  the  channels  in  connection 
with  the  St.  Marys  Canal  and  St.  Clair  River.  In  one  case  the 
blockade  continued  for  five  days;  332  vessels  were  delayed,  and  the 
loss  to  navigation  amounted  to  a  large  sum,  estimated  to  be  $600,000. 
That  is  an  estimate  which,  I  understand,  was  made  long  ago  and  in 
connection  with  this  particular  work. 

Senator  Taliaferro.  Does  the  report  deal  at  all  with  delays  occa- 
sioned in  the  lake  plan  ? 

Mr.  Stearns.  It  does,  in  great  detail,  as  to  the  time  of  passage 
through  locks.    Mr.  Noble  has  worked  that  out. 

Senator  Taliaferro.  I  mean  delays  by  accidents.  Do  you  know 
of  any  accidents  that  have  occurred  in  the  locks  of  any  of  the  exist- 
ing canals? 

Mr.  Stearns.  Yes.  No  ship  has  ever  been  injured  in  fifty  years 
at  the  St.  Marys  Falls  Canal.  When  I  say  "  injured,"  I  mean  seri- 
ously injured.  There  have  been  little  portions  of  a  ship  broken  by 
commff  in  contact  with  gates  or  something,  but  no  ship  has  been 
seriouSy  injured. 

The  danger  of  accidents  in  a  lock  are  not  to  the  ship,  because  it 
moves  there  very  slowly  and  practically  the  same  as  it  would  in 
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coming  up  to  a  wharf — even  under  better  conditions,  because  the  pier 
to  which  it  comes  is  parallel  with  the  line  of  navigation.  Almost 
all  wharves  have  only  narrow  ends,  and  there  are  currents  near 
them. 

Senator  Tauaferbo.  I  was  speaking  of  the  canal,  Air.  Steams,  not 
the  ship. 

Mr.  Steabns.  Oh,  yes. 

Senator  Taliaferro.  Do  you  know  of  any  accidents  that  have  oc- 
curred in  the  locks  of  any  existing  canals? 

Mr.  Stearns.  Yes;  not  of  my  own  personal  knowledge,  but  I  have 
acquired  this  information. 

Senator  Taliaferro.  I  mean  in  the  same  way  that  you  have  ac- 
quired the  information  about  the  groundings  in  the  Suez  Canal? 

Mr.  Stearns.  Yes.  There  were  three  times  when  ships  coming 
through  the  Manchester  Ship  Canal  have  gotten  the  wrong  signals, 
or  the  signfils  have  been  wrongly  understood,  and  they  have  turned 
their  propellers  and  gone  ahead  instead  of  backing,  with  the  result 
that  the  lock  gates  have  been  torn  away,  I  think,  on  three  occasions. 

Senator  Kittredgb.  Within  what  period  ? 

Mr.  Stearns.  Within  the  period  of  its  existence.  I  do  not  know 
the  dates.  I  think  these  have  all  occurred  with  ships  that  were  going 
downstream,  and  it  is  the  policy  to  close  the  gates  behind  them 
after  they  get  into  the  locks — the  upper  gates.  They  were  in  the 
process  of  closing  those  gates  and  the  ship  went  through  the  gates 
below  and  the  upper  gates  came  to  with  a  bang.  The  ship  dia  not 
get  injured,  I  believe,  in  any  case.  It  was  either  two  or  three  times 
that  that  happened. 

General  Davis.  Three  times,  I  think. 

Mr,  Stearns.  There  were  three  accidents  in  all.  The  ship  did  not 
get  injured  in  either  case  there,  and  in  both  cases  the  upper  gates 
swung  together  in  such  a  way  that  they  held  and  prevented  the 
lock  from  becoming  a  mill  race  with  the  water  rushing  through  it. 

Senator  Dryden.  That  was  on  the  Manchester  Canal  ? 

ifr.  Stearns.  Yes.  There  has  never  been  an  accident  that  has  dis- 
abled the  canal  further  than  to  put  those  locks  out  of  commission; 
and  that  is  provided  against  in  the  canal  at  Panama  by  the  duplicate 
locks. 

Senator  Dryden.  And  no  accident  of  that  kind  has  occurred  in  any 
other  canal  that  vou  know  of  ? 

Mr.  Stearns,  ^here  have  been  three  somewhat  similar  accidents  at 
the  St.  Marys  Falls  Canal.  I  do  not  remember  those  as  well.  One 
was  in  the  case  of  a  ship  coming  up  from  below,  and  it  struck  the 
lower  gates,  which  had  water  against  them,  and  pushed  them  open  a 
little  ways;  then  the  force  of  the  water  reacted,  and  sent  the  ship 
back  as  if  it  had  been  an  arrow  from  a  bow,  I  believe. 

Senator  Knox.  What  would  happen,  Mr.  Stearns,  if  a  ship  were 
coming  through  this  flight  of  locks,  and  she  were  to  run  through  the 
gate  oi  the  upper  lock  ? 

Mr.  Stearns.  The  provision  is  made  so  that  the  vessels  shall  not 
run  through. 

Senator  Knox.  By  that  safety  gate  ? 

Mr- Stearns.  By  the  safety  gate. 

Senator  Knox.  Well,  if  that  did  not  work? 
ENG  I  c — 06 37 


664  IISTTESTIGATION   OP  PANAMA  CANAL   MATTEBS. 

Mr.  Stearns.  But  if  you  assume  that  the  vessel  went  through  both 
(^which  would  not  happen)  there  would  nothing  happen,  provided 
the  upper  fi;ates  had  been  closed  in  due  season  after  the  ^p  went  into 
the  locK,  if  they  closed  up  very  quickly  behind  it,  except  to  demolish 
the  gates;  and  I  think  the  ship  might  set  into  trouble. 

Senator  Kxox.  That  situation  was  described  here  by  some  witness 
as  a  possibility.  He  thought  very  serious  damage  would  be  done  to 
the  locks — almost  irreparable  damage. 

Mr.  Stearns.  I  think  that  the  precautions  that  are  taken  by  those 
double  gates — they  must  be  very  heavy  gates  in  a  canal  of  that  sort — 
would  be  sufficient.  But  if  they  were  not,  the  minority  has  provided 
$2,000,000  in  its  estimate  for  putting  up  what  are  known  as  movable 
dams,  and  thirteen  different  plans  for  movable  dams  had  been  studied 
on  the  Soo  Canal,  and  there  was  no  question  as  to  the  feasibility  of 
designing  them ;  but  within  three  months  we  could  not  do  everything. 

Senator  Knox.  No. 

Mr.  Stearns.  So  that  that  was  put  in  as  a  sum  of  money,  without 
providing  the  design.  But  those  movable  dams  would  be  so  arranged 
that  they  could  be  closed,  and  if  a  current  should  get  started  they 
would  be  closed  immediately.  It  would  not  be  possible,  probably,  to 
close  those  upper  gates ;  the  rush  of  water  would  make  them  come  to 
with  such  a  bang  tnat  they  would  probably  be  destroyed. 

Senator  Hopkins.  As  I  understand  you,  it  is  a  very  remote  con- 
tingency that  there  would  ever  be  accidents  in  the  locks? 

Mr.  Stearns.  It  has  never  happened  with  any  canal  in  the  world, 
with  only  single  gates,  so  as  to  cause  disaster.  It  breaks  the  gates; 
but  with  these  double-gate  precautions  and  all  the  provisions  that 
can  be  made  in  management  to  take  care  of  the  matter,  I  do  not  be- 
lieve there  is  the  slightest  danger. 

Senator  Hopkins.  As  I  unaerstood  you  to  say,  for  fifty  years  at 
the  Soo,  up  here,  they  never  have  had  even  an  accident  of  that  kind? 

Mr.  Stearns.  Not  to  the  ship;  but  they  have  had  accidents  that 
have  broken  the  locks. 

Senator  Hopkins.  Yes. 

The  Chairman.  Mr.  Steams,  are  you  getting  pretty  well  along 
with  your  statement? 

Mr.  Stearns.  I  have  very  little  more  to  say.  There  are  one  or  two 
things  that  might  be  of  interest. 

The  Chairman.  We  would  like  to  have  you  go  right  along  with 
them,  then. 

Mr.  Stearns.  One  I  forgot  to  state,  in  connection  with  tlie  main- 
tenance of  the  canal.  A  ship  going  through  a  canal  causes  waves  to 
flow  out  to  the  side,  which  wash  against  the  sides;  and  if  they  are  left 
in  earth  they  would  wash  that  earth  down  into  the  bottom  of  the 
canal.  That  is  an  additional  cost  in  maintenance  of  the  sea-level 
canal,  because  there  would  be  the  whole  distance  between  the  shore 
lines  where  that  washing  action  would  take  place,  and  those  waves 
are  quite  considerable  if  boats  ^o  with  any  reasonable  degree  of  speed. 
Of  course  it  would  not  occur  in  the  sections  which  have  rock  sides ; 
only  where  there  are  earth  sides. 

fn  the  lock  canal  the  greater  part  of  this  is  lake  navigation,  where 
the  waves  would  go  away  off  to  the  shores,  a  long  distance  from  the 
canal;  and  consequently  they  would  not  wash  the  material  into  the 
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canal.  It  is  quite  an  important  item  in  the  cost  of  maintaining  the 
canal. 

The  amount  of  earth  canal  on  the  sea-level  section  is,  I  think,  be- 
tween 21  and  22  miles.  I  do  not  know  the  exact  figures;  that  is  about 
it.  On  the  lock  canal  the  only  sections  in  earth  are  2^  miles  down  to 
limon  Bay,  and  those  are  600  feet  wide,  where  the  material,  if  it 
did  wash  from  the  edges,  would  not  wash  as  much,  it  being  farther 
from  the  ships  which  pass ;  and  also,  it  would  probably  be  deposited 
out  toward  the  edges,  leaving  the  middle  to  the  larger  depth. 

No  sum  was  included  in  either  estimate  for  riprapping  or  paving 
the  sides  of  the  canal  so  that  that  washing  would  not  occur  except 
to  a  moderate  extent.  It  would  be  quite  a  large  item  on  the  sea-level 
canal  and  a  very  small  item  if  it  were  done  on  the  lock  canal ;  but  I 
do  not  think  it  will  be  necessary  on  the  lock  canal,  in  view  of  the  very 
great  depth  of  channel. 

Considerable  has  been  said  in  the  testimony  with  regard  to  leaving 
the  tidal  lock  open.  I  do  not  think  that  is  a  feasible  thing;  and  I 
quote  practically  what  was  said  by  one  of  the  foreign  memfers,  who 
had  had  experience  in  that  line.  I  think  it  was  at  a  canal,  the  Kiel 
Canal,  where  there  is  not  nearly  the  rise  and  fall  of  the  tide  that  there 
is  on  the  Panama. side.  I  am  not  sure  as  to  the  rise  and  fall  of  the 
tide  there,  however. 

General  Davis.  It  is  small. 

Mr.  Stearns.  It  is  small.  But  even  under  those  conditions  he 
said  that  they  left  the  gates  of  their  tidal  locks  open  for  a  time,  and 
they  got  a  petition  or  a  request  from  the  shipowners  that  they  should 
close  those  gates  and  let  them  lock  through;  it  was  too  dangerous 
goinfi^  through  with  the  water  rushing  through.  It  seemed  to  be 
conclusive,  in  his  mind,  that  tidal  locks  ought  to  be  kept  closed.  And 
that  was  under  conditions  which  are  much  more  favorable  to  keeping 
them  open  than  at  Panama.  If  they  should  be  kept  open  at  Panama, 
with  a  rise  and  fall  of  the  tide  of,  say,  6  feet  above  and  below  mean 
tide  in  ordinary  neap  tides,  or  with  the  lower  tides,  it  would  produce 
a  very  great  rush  oi  water  through  those  locks  and  through  the  por- 
tion of  the  canal  near  the  locks,  which  I  should  think  would  be 
dangerous.  It  would  not  only  do  that,*  but  it  would  also  diminish  the 
depth  of  the  canal  at  low  tide,  because  the  water  would  fall  with  the 
tide. 

I  think  those  are  all  of  the  single  topics  that  I  had  to  discuss.  The 
question  has  been  suggested  as  to  what  my  view  was  as  to  the  canal 
as  a  whole  in  the  comparison  of  sea-level  and  lock  canals. 

The  Chairman.  I  would  like  to  have  your  opinion  in  regard  to 
that.  If  vou  were  going  to  own  both  canals,  which  one  you  would 
think  the  best,  for  the  same  money  and  the  same  time  in  its  construc- 
tion? 

Mr.  Stearns.  I  have  given  that  matter  very  careful  consideration. 
It  seems  to  me  that  a  canal  is  a  means  of  getting  ships  across  the  Isth- 
mus ;  that  it  is  a  question  of  getting  them  across,  in  the  first  place  and 
most  important,  safely,  and,  next  in  importance,  to  get  them  across 
quickly.  In  both  of  those  respects  I  believe  the  lock  canal  is  the 
best.  It  has  within  its  depths  and  widths  ample  channels  which  will 
permit  speed  and  safety,  for  while  groundings  occur  in  wide  chan- 
nels they  occur  much  more  frequently  in  narrow  channels. 
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I  believe  that  the  lock  canal  has  the  greater  capacity  for  traffic. 
When  one  imagines  the  traffic  approaching  60,000,000  to  80,000,000 
tons  per  year  it  will  be  realized  that  it  would  not  be  practicable  to 
get  them  through  if  one  ship  had  to  be  tied  up  for  every  other  one 
that  passed,  there  would  be  so  many  in  the  canal  at  one  time.  There 
would  be  a  demand  for  widening  the  sea-level  canal  before  any  de- 
mand would  come  for  the  enlargement  of  the  lock  canal,  except  as 
individual  ships  might  get  to  be  so  large  as  to  require  another  set 
of  locks,  which  would  not  be  very  costly. 

Taking  all  those  things  into  account,  I  believe  that  for  the  same 
time  ana  money  the  lock 'canal  is  the  better  canal.  I  would  give  more 
for  it. 

Senator  Knox.  There  are  locks  on  the  sea-level  canal  as  well,  are 
there  not  ? 

Mr.  Stearns.  One — or  one  pair. 

Senator  Knox.  One  pair  oi  locks? 

Mr.  Stearns.  Yas. 

Senator  Knox.  WTiere  are  they  located? 

Mr.  Stearns.  Close  to  the  Panama  shore. 

Senator  Knox.  And  do  you  know  what  the  usable  lengths  of  those 
locks  are? 

Mr.  Stearns.  They  are  1,000  feet  long  and  100  feet  wide. 

Senator  Taliaferro.  What  is  the  lift? 

Mr.  Stearns.  The  lift  varies  from  nothing  to  about  10  feet. 

Senator  Knox.  Well,  there  is  just  the  same  chance  of  accident  to 
gates  and  to  ships  in  one  of  those  locks  as  there  would  be  in  any  other 
lock — in  one  of  the  sea-level  locks? 

Mr.  Stearns.  There  is  the  same  accident  danger  to  ships,  but  that 
is  very  small  in  any  lock.  There  is  the  same  danger  of  smashing  a 
gate,  but  the  result  of  smashing  a  gate  would  not  be  as  serious  as  it 
would  be  in  a  summit-level  lock. 

Senator  Knox.  Yes;  I  understand.  That  is  all. 
.  Mr.  Stearns.  I  might  say  in  connection  with  that  matter  of  the 
size  of  locks  that  if  ships  continue  to  increase  in  size,  following  the 
history  of  the  past,  that  probably  the  difference  in  size  between  the 
locks  that  are  900  feet  in  usable  length  and  those  that  are  1,000  feet 
in  usable  length  would  be  reached  in  the  difference  in  the  time  of  con- 
struction of  tne  canals. 

That  is,  that  if  the  lock-canal  locks  were  outgrown  in  twenty  years 
after  the  completion  of  the  lock  canal  the  sea-level  canal  locks  would 
be  outgrown  in  twenty  years  after  the  completion  of  the  sea-level 
canal.  That  is,  a  difference  of  six  years  would  account  for  a  differ- 
ence of  5  feet  in  width  and  a  hundred  feet  in  length. 

The  Chairman.  Mr.  Stearns,  have  you  anything  further  to  suggest 
to  the  committee  ? 

Mr.  Stearns.  No,  sir;  I  think  not. 

The  Chairman.  I  think,  then,  we  will  excuse  you  now;  and  we 
certainly  appreciate  your  coming,  and  thank  you  very  much  for  being 
here. 

(The  committee  thereupon  adjourned  until  Tuesday,  March  20, 
1906,  at  10.30  o'clock  a.  m.) 
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Senator  Kittredge.  Mr.  Wallace,  you  testified  before  the  commit- 
tee some  time  ago  regarding  administrative  matters. 

Mr.  Wallace.  Yes,  sir. 

Senator  EIittredge.  In  that  testimony  you  gave  us  the  date  when 
you  first  became  connected  with  the  canal  as  chief  engineer. 

Mr.  Wallace.  Yes,  sir. 

Senator  Kittredge.  Do  you  remember  what  that  date  was? 

Mr.  Wallace.  That  was  June  1, 1904. 

Senator  Kittredge.  And  you  continued  as  chief  engineer  until 
what  date? 

Mr.  Wallace.  Until  June  29, 1905. 

Senator  Kittredge.  About  the  1st  of  April,  1905,  you  became  a 
member  of  the  Canal  Commission? 

Mr.  Wallace.  Yes.  sir. 

Senator  Kittredge.  And  continued  in  that  capacity  until  the  same 
date  in  June? 

Mr.  Wallace.  The  same  date;  yes^  sir. 

Senator  Kittredge.  So  that  in  addition  to  your  duties  as  chief  en- 
gineer you  were  also  a  member  of  the  Commission  from  about  April 
1 ,  1905,  until  June  29, 1905  ? 

Mr.  Wallace.  Yes,  sir.  After  April  1, 1905, 1  was  chief  engineer, 
member  of  the  executive  committee,  and  Commissioner.  About  the 
10th  of  April  the  Panama  Kailroad  was  put  in  mv  charge  on  the 
Isthmus  as  vice-president  and  general  manager,  but  1  was  not  able  to 
assume  charge  of  that  road  on  the  Isthmus  until  I  returned  there 
about  the  25Si  of  May,  1905. 

Senator  Kittredge.  You  have  read  the  report  of  the  Board  of  Con- 
sulting Engineers  ? 

Mr.  Wallace.  I  have. 

Senator  Kittredge.  And  the  views  of  the  minority  of  that  Board? 

Mr.  Wallace.  Yes,  sir. 

Senator  Kittredge.  Will  you  please  advise  us  of  the  type  of  canal 
which,  in  your  judgment,  ought  to  be  recommended  by  this  committee 
(o  the  Senate  for  construction  ? 
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Mr.  Wallace.  Mr.  Chairman,  my  single  purpose  in  appearing  be- 
fore you  at  this  time  is  to  give  you  the  very  best  judgment  I  nave 
been  able  to  form  upon  the  two  matters  you  are  now  considering  and 
as  to  which  I  have,  as  you  know,  a  very  considerable  knowledge.  I 
need  not  repeat  the  expjeriences  which  I  think  justify  me  in  speaking 
with  some  little  authority  upon  the  engineering  problems  before  you, 
and  I  think  I  fully  explained  the  somewhat  exceptional  practice  I 
have  had  in  dealing  with  large  problems  of  construction  similar  in 
many  respects  to  the  problems  confronting  you  in  the  matter  of  the 
Panama  Canal. 

I  wish,  therefore,  simply  as  an  American  citizen,  to  put  the  judg- 
ment which  I  have  formed  on  the  basis  of  these  experiences  before 
A'ou,  and  through  you  before  the  Congress,  to  assist  in  reaching  what 
1  am  sure  every  member  of  it,  of  both  parties,  ardently  desires  to 
reach — a  conclusion  as  to  the  best  type  of  canal  and  the  best  method 
of  doing  the  work  involved  in  its  construction.  Of  course  I  recog- 
nize that  the  committee  may  well  differ  from  me  and  the  majority  of 
the  Board  of  Consulting  Engineers  for  the  Panama  Canal  as  to  type 
of  canal  and  may  differ  far  more  with  far  greater  freedom  as  to  the 
best  method  of  constructing  it,  but  I  feel  that  I  will  have  done  my  full 
duty  when  I  have  laid  my  views  before  you  and  given  you,  as  far  as 
I  am  able^  the  reasons  upon  which  they  rest  in  my  own  mind. 

In  considering  the  question  of  alternate  plans  for  the  canal,  whether 
it  should  be -upon  a  high  level  with  locks,  or  upon  a  sea  level  without 
locks,  my  judgment  as  an  engineer  is  controlled  by  several  principles 
which  commend  themselves  to  me  as  really  fundamental,  and  so  far 
as  I  am  concerned,  conclusive. 

In  the  first  place  it  must  be  conceded  that  an  approximately 
straight  sea-level  canal,  of  ample  width  and  depth,  is  the  Dest  type  of 
canal,  and  that  any  other  plan  which  places  restrictions  upon  the 
probable  permanency  of  the  canal  itself,  as  well  as  upon  the  speed 
and  the  size  and  number  of  vessels  passing  through  it,  must  neces- 
sarily render  the  canal  far  less  valuable  and  far  less  desirable  than 
if  such  doubt  as  to  its  permanency  and  such  restrictions  did  not  exist. 

In  the  se<'ond  place,  it  must  be  equally  admitted  that  the  only  de- 
terrent elements  in  accomplishing  the  more  desirable  result — ^that  of 
the  sea-level  canal — are  the  two  factors  of  relative  time  and  cost,  when 
this  most  desirable  form  is  contrasted  with  the  far  less  desirable  form 
of  a  high-level  canal  with  locks. 

In  the  third  place,  it  must  be  admitted  that  a  very  proper  way  to 
approach  a  discussion  of  the  relative  desirableness  of  these  types 
would  be  to  consider  how  much  money  the  American  people  may  be 
supposed  to  be  willing  to  invest  in  the  canal  and  how  long  they  may 
be  supposed  to  be  willing  to  wait  for  its  proper  accomplishment. 

After  these  important  factors  are  determined  the  committee  ought 
to  be  able  to  readily  decide  which  of  the  two  types  of  canal  seems  to 
it  to  be  the  better  and  to  give  its  approval  to  the  type  it  prefers. 

Now,  as  to  the  cost.  We  have  told  the  civilized  world  that  the 
United  States  of  America  are  willing  to  construct  the  Panama  Canal 
for  the  benefit  of  the  world  and  its  commerce,  including  our  own ; 
and  as  we  have  voluntarily  accepted  this  great  duty,  it  is  to  be  pre- 
sumed that  the  people  prefer  that  the  Congress  should  approach  it 
from  a  broad,  general,  and  liberal  standpoint,  constructing  the  most 
permanent  and  best  possible  type  of  canal,  rather  than  to  offer  to 
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the  world  an  inferior  type  of  doubtful  permanency,  especially  as  the 
best  type  of  canal  is  one  which,  so  far  as  can  now  be  foreseen,  will 
not  have  to  be  materially  altered  or  enlarged  and  upon  which  our 
descendants  may  look  with  pride,  with  no  occasion  to  regret  any 
inefficiency  or  instability  in  the  work  due  to  our  having  oeen  too 
careful  of  our  money  or  too  shortsighted  in  our  engineering  judgment. 

The  amount  of  tonnage  which  will  pass  through  the  canafwhen 
completed  is,  of  course,  largely  a  matter  of  conjecture,  but  it  is  cer- 
tain that  it  will  be  large  and  ever  increasing,  and  that  considerable 
tonnage  will  be  diverted  from  the  Suez  route.  The  phenomenal  in- 
crease of  tonnage  passing  year  by  year  through  the  ouez  Canal  is  a 
reasonable  assurance  that  the  continued  prosperity  and  growth  of 
the  conmierce  of  the  world  will  justify  the  expenaiture  at  Panama 
of  the  money  required  to  give  such  commerce  the  best  possible  water- 
way between  the  two  oceans.  Judged  by  the  capitalization  and  divi- 
dends now  paid  upon  the  stock  of  the  Suez  Canal  it  is  apparent  that 
the  rates  charged  for  transit  through  it  are  excessive,  and  on  the 
assumption  that  the  rates  for  passing  through  the  Panama  Canal  will 
be  considerably  less,  a  very  material  saving  will  be  offered  to  com- 
merce if  it  takes  the  Panama  route. 

Assuming  that  the  present  amount  of  tonnage  through  the  Suez 
Canal  of,  say,  10,000,000  tons  per  annum  would  pass  through  the  Pan- 
ama Canal,  even  at  a  dollar  a  ton,  there  would  be  an  approximate  in- 
come of  $10,000,000,  which  is  sufficient  to  justify  an  expenditure  of 
$300,000,000.  As  the  commerce  passing  through  it  will  in  the  near 
future  pay  the  interest  upon  the  bonds  issued  to  construct  it,  without 
taking  into  consideration  any  indirect  commercial  benefits  which 
would  accrue  to  this  country,  and  without  considering  the  advantages 
which  would  be  derived  from  the  canal  in  the  improbable  event  of 
war,  it  would  seem  that  an  expenditure  of  $300,000,000,  a  sum  ample 
to  construct  the  sea-level  canal,  would  be  abundantly  justified,  consid- 
ering the  probable  rapid  development  of  foreign  and  domestic  trade 
and  the  indirect  results  to  be  derived  from  this  great  waterway. 
Under  these  conditions  the  increased  expense  of  constructing  a  sea- 
level  canal  ought  not  to  weigh  very  heavily  in  deciding  the  question  of 
type. 

Now,  as  to  the  additional  time  required  for  a  sea-level  canal,  it  may 
be  predicted  with  some  certainty  that  upon  a  basis  of  reasonable 
energy  and  the  use  of  proper  business  methods  of  administration  a 
sea-level  canal  can  be  fully  completed  in  ten,  or,  to  be  entirely  safe, 
say  twelve  years,  and  a  lock  canal,  even  if  only  60  feet  above  sea  level, 
will  require  seven,  or,  to  be  entirely  safe,  say  nine  years,  on  the  same 
basis  oi  energy  and  administration — a  difference  of  only  three  years. 
I  make  this  concession  out  of  abundant  caution ;  but  considering  that 
the  work  on  the  sea-level  canal  is  plain,  ordinary,  everyday  work  of 
digging  and  hauling  away  what  is  dug,  I  do  not  believe  very  much 
additional  time  would  be  required  for  the  sea -level  canal.  It  does 
not  seem,  therefore,  that  the  additional  time  recjuired  for  the  sea- 
level  canal  should  seriously  militate  against  deciding  upon  that  type. 

It  must  also  be  remembered  that  it  is  quite  possible  to  secure  even 
increased  efficiency  over  that  assumed  to  be  now  probable  in  case  the 
work  should  be  handled  by  a  single  contracting  firm,  unhampered  by 
governmental  methods  and  with  everv  incentive  to  expedite  and  com- 
plete the  work  at  the  earliest  possible  moment.     Indeed,  under  such 
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conditions  it  is  very  probable  that  the  period  suggested  could  bo  con- 
siderably reduced.  Instead  of  one  shift  of  ten  iiours  the  contractor 
might  utilize  electric  lights  and  work  two  shifts. 

if  it  is  not  too  much  to  hope  that  the  committee  will  decline  to 
recommend  any  form  of  canal  which  is  not  capable  of  being  in  the 
future  transformed  into  a  sea-level  canal  without  undue  interference 
with  the  world's  traffic  and  without  undue  additional  cost,  this  fact 
alone  should  take  the  recommendations  of  the  minority  of  the  boanl 
of  Consulting  Engineers  and  the  recommendations  of  the  majority  of 
the  Isthmian  Canal  Commission  out  of  reallv  serious  oonsiaeration ; 
for  it  is  difficult  to  see  why  any  type  of  canal  ^ould  now  be  author- 
ized the  destruction  of  any  important  feature  of  which,  either  by  act 
of  God  or  of  man,  would  block  all  use  of  it  until  its  restoration,  par- 
ticularly when  such  interruption  of  traffic  would  almost  certamly 
extend  over  several  years  and  the  world  having  become  accustomed 
to  its  advantages  would  incur  such  a  loss  of  time  with  the  greatest 
possible  sense  of  injury. 

There  is  another  engineering  problem  which  ou^ht  to  have  careful 
consideration,  and  that  is  whether  the  Congress  will  feel  justified  in 
indorsing  the  construction  of  any  dam  of  large  dimensions  retaining 
a  head  of  water  of,  say,  85  feet,  the  foundation  of  which  does  not 
extend  to  bed  rock  or  to  some  equally  impermeable  and  reliable  strata. 
The  engineering  question  may  be  thus  stated :  Is  it  either  safe  or  wise 
to  authorize  the  building  of  a  dam  1^  miles  long  to  retain  a  head  of 
water  of  85  feet  across  an  alluvial  vallev  similar  to  the  valley  of  the 
Chacres  at  Gatun,  in  which  exist  already  two  subsurface  gorges,  one 
of  which  alone  is  1,000  feet  across  and  240  feet  deep,  which  has  evi- 
dently been  refilled  with  a  heterogeneous  mass  of  ^avel,  sand,  sandy 
clay,  driftwood,  and  the  general  character  of  detritus  brought  down 
into  the  valley  by  the  mountain  streams? 

With  this  situation  in  view  it  is  greatly  to  be  feared  that  the  dam 
at  Gatun,  which  is  proposed  by  a  minority  of  the  Board  of  Consulting 
Engineers  and  which  is  indorsed  by  a  majority  of  the  Isthmian  Canal 
Commission,  might  after  some  years  be  found  incapable  of  holding 
back  so  great  a  head  of  water  and  withstanding  the  strain  upon  it. 
This  apprehension  is  greatly  emphasized  bv  the  character  of  the  bor- 
ings in  this  locality,  because  they  have  not  been  sufficient  to  determine 
the  accuracy  of  the  cross  section  which  has  been  submitted  as  one  of 
the  exhibits  of  the  Board  of  Consulting  Engineers  to  the  Isthmian 
Canal  Commission.  Sand  or  gravel  may  even  underlie  the  indu- 
rated clay  into  which  borings  have  only  been  made  a  short  distance. 
The  same  remarks  apply,  though  in  a  lesser  degree,  to  the  series  of 
dams  and  barrages  holding  back  a  head  of  55  feet  of  water  which  it 
is  proposed  by  the  minority  report  to  construct  across  the  alluvial 
valley  of  the  Kio  Grande  on  the  Pacific  side  of  the  canal. 

From  an  engineering  standpoint  it  is  difficult  to  understand  why 
a  much  better  place  for  the  construction  of  a  dam  to  control  and  regii- 
late  the  floods  of  the  Chagres  River  is  not  at  Gamboa  where  it  is  posi- 
tively known  that  the  primary  rock  foundation  exists  at  no  greater 
depth  than  sea  level,  and  where  it  is  possible  to  construct  a  masonry 
dam  founded  on  solid  rock  at  such  a  moderate  depth  and  in  accord- 
ance with  established  methods,  that  its  integrity  will  no  longer  give 
rise  to  question. 
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If,  therefore,  it  is  decided  to  disregard  the  recommendations  of  the 
majority  of  the  Board  of  CJonsulting  Engineers,  and  to  build  a  lock 
canal,  then  it  is  to  be  earnestly  hoped  only  such  form  of  lock  canal 
will  be  authorized  as  will  be  admissible  in  connection  with  the  con- 
struction of  a  dam  at  Gamboa  rather  than  at  Gatun. 

While  for  certain  purposes  and  under  certain  conditions  earthen 
dams  of  large  dimensions  carefully  fojrmed  are  permissible,  in  this 
case  it  is  not  believed  that  such  form  of  construction  should  be  seri- 
ously considered  when  it  is  possible  to  secure  a  masonry  structure 
founded  on  bed  rock ;  particularly  when  the  work  under  consideration 
must  be  supposed  to  possess  permanency,  and  is  being  erected  as  a 
monument  to  the  engineering  skill  of  our  modem  civilization.  There 
IS  no  urgency  that  to  my  mind  would  justify  the  great  risk  of  earth 
dams  at  Gatun  or  La  Boca. 

The  next  important  matter  to  consider  and  decide  is  whether  the 
canal  shall  be  constructed  under  the  present  method  of  management 
or  whetiber  a  contract  for  the  work  shall  be  made  with  a  sin^e  con- 
tracting firm.  In  the  latter  case  the  specifications,  of  course,  should 
be  of  the  most  broad  and  general  nature,  leaving  all  detail  engineer- 
ing plans  to  the  engineers  of  the  contractor  in  order  that  he  may 
have  the  fullest  latitude  in  inmiediately  meeting  and  overcoming  such 
local  difiiculties  as  from  time  to  time  are  sure  to  arise. 

After  the  contract  is  let,  there  would,  of  course,  be  no  reason  for  re- 
taining a  cumbersome  governmental  organization  in  reference  to  the 
work,  for  there  is  no  doubt  that  the  CJorps  of  Engineers  of  the  United 
States  Army  could  most  efficiently  supervise  the  contractor  engaged 
upon  the  work.  All  the  governmental  functions,  including  policing 
and  sanitation,  could  easily  be  performed  under  the  control  and  direc- 
tion of  the  governor  of  the  Canal  Zone.  It  can  not  be  doubted  that 
these  two  methods,  if  adopted,  will  give  entirely  satisfactory  results. 

The  question  will  naturally  arise  in  doing  the  work  by  contract 
whether  there  are  any  engineering  organizations  competent  to  enter 
into  such  a  contract  and  to  construct  a  work  of  this  magnitude,  and 
such  a  question  must  be  answered  in  the  affirmative.  Several  well- 
known  organizations  are  quite  capable  and  competent  to  handle  a 
work  of  this  character,  and  there  is  no  good  reason  why  they  could 
not  be  induced  to  make  bids  for  it,  if  the  Congress  in  its  wisdom  de- 
cides such  a  method  of  management  of  this  great  work  is  preferable 
to  that  which  ha*  existed  for  the  last  two  years. 

In  considering  the  question  of  additional  time  required  for  the  con- 
struction of  a  sea-level  canal  the  prompt  and  efficient  utilization  of  the 
Panama  Railroad  is  a  matter  of  very  great  importance;  for  if  the 
railroad  is  provided  without  unnecessary  delay,  with  the  very  best 
modem  facilities  and  equipment,  including  double  tracks  with  abund- 
ance of  sidings,  shops,  wharves,  docks,  and  warehouses,  and  especially- 
with  the  latest  and  most  approved  appliances  for  transferring  cargoes 
from  ships  to  cars  and  from  cars  to  ships,  very  many  of  the  advan- 
tages the  world's  commerce  would  derive  from  the  completion  of  the 
canal  will  be  at  once  afforded  to  it.  Indeed,  in  many  cases  of  goods 
shipped  from  American  ports  destined  to  the  west  coast  of  South 
America,  it  will  probably  oe  found  advantageous  for  them  to  go  in  a 
single  ship  to  Colon  and  being  transferred  by  the  railroad  to  Panama, 
be  reshipped  in  smaller  vessels  plying  from  that  port  to  the  different 
ports  to  which  different  parts  ox  the  cargo  may  be  consigned. 
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There  are  two  suggestions  which  since  they  were  first  made  have 
been  subjected  to  very  careful  and  thoughtful  review  because  of  criti- 
cisms which  have  been  passed  upon  them.  The  first  is  that  the  rail- 
road should  be  substituted  for  the  canal  while  the  canal  is  in  process 
of  construction.  If  so,  it  should  be  completely  separated  in  manage- 
ment and  control  from  any  steamship  line  at  either  end,  as  the  canal 
itself  will  be,  and  the  charge  for  transfer  from  ship  to  ship  should  be 
a  flat  rate  per  ton  regardless 'of  classification  except  that  light  and 
bulky  articles  should  be  rated  at  a  certain  number  of  cubic  feet  to  the 
ton.  This  rate  should  not  be  in  excess  of  $2  per  ton,  even  with  tlie 
present  limited  amount  of  business  and  as  the  business  increases  the 
rate  should  be  reduced  as  the  receipts  justify. 

Of  course  railroad  managers  who  are  accustomed  to  through  bills 
of  lading  and  through  rates  naturally  desire  that  the  railroad  should 
be  considered  only  alink  in  the  shipments  from  one  part  of  the  world 
to  another  and  that  the  same  cumbersome  classifications  should  pre- 
vail to  which  they  have  been  accustomed  in  the  movement  of  transcon- 
tinental traffic ;  but  all  such  intermeddling  with  the  transit  across  the 
Isthmus  will  disappear  as  if  by  magic  the  day  the  canal  is  opened, 
and  there  is  thererore  not  the  slightest  reason  why  it  should  not  dis- 
appear now,  and  the  world's  commerce  be  proffered  substantially  the 
same  advantages  of  transit  across  the  Isthmus  that  under  precisely 
the  same  circumstances  it  will  enjoy  when  the  canal  itself  is  placed  in 
operation.  Under  such  a  system  of  administration  there  is  no  occa- 
sion whatever  for  the  Panama  Railroad  maintaining  a  corporate 
existence  with  offices  in  New  York,  for  the  road  can  be  far  better  con- 
trolled by  a  single  competent  railway  manager  on  the  Isthmus  who 
would,  of  course,  be  under  the  direction  and  control  of  the  general 
contractor  in  case  the  entire  work  is  let  under  one  contract. 

This  arrangement  alone  would  save  a  large  annual  expenditure 
now  apparently  wasted  on  the  Panama  Railroad  organization  and  do 
away  with  the  complexities  which  that  organization  evidently  pro- 
duces, while  at  the  same  time  the  embarrassing  questions  arising  from 
the  alliance  of  steamship  lines  with  the  transit  across  the  Isthmus 
could  be  separately  considered  on  their  merits,  leaving  the  Grovern- 
ment  at  liberty  to  retain  a  line  of  transports  for  its  own  use  or  rely 
upon  the  boats  reaching  the  Isthmus  both  from  the  east  and  the  west, 
as  the  Government's  best  interest  might  dictate;  but,  however,  Gov- 
ernment transports  ought  not  to  have  the  slightest  possible  advantage 
over  any  competing  line  of  ships. 

The  method  thus  suggested  of  operating  the  railroad  as  a  simple 
transfer  line  across  the  Isthmus  and  therefore  as  an  immediate  and 
practicable  substitute  for  the  canal  witti  a  low  flat  rate  or  diarge, 
common  to  all  the  world's  commerce,  is  a  practicable  and  simple 

Sroposition  which  the  committee  will  readily  understand  even  ii  it 
eclines  to  approve  it.  Above  all,  it  would  remove  at  once  all  cause 
for  charges  of  favoritism  for  or  discrimination  against  any  particular 
interest  or  section  of  our  country  or  even  between  ourselves  and  for- 
eign nations,  and  thus  enable  the  United  States  to  redeem  immedi- 
ately the  promise  it  has  given  that  the  great  waterway  which  it  is 
now  constructing  shall  offer  equal  advantages  to  all  the  world  and 
special  privileges  to  none. 

It  must  also  be  remembered  that  with  such  an  excellent  substitute 
for  the  canal  while  the  canal  is  being  constructed,  any  slight  delay 
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in  construction  will  be  of  far  less  importance  than  if  the  present  or- 
ganization of  the  railroad  in  New  York  is  maintained  and  its  mysti- 
fying relations  with  through  bills  of  lading  and  through  rates  con- 
tinued. 

The  expenditures  which  will  be  necessary  to  put  the  railroad  in 
condition  for  this  important  work  have  already  been  partly  made  and 
will  be  required  in  any  event  for  the  road  to  furnish  the  proper 
facilities  for  the  construction  of  the  canal,  so  that  no  consideralble 
additional  expense  is  involved  in  the  proposition. 

As  the  primary  reason  for  the  construction  of  the  canal  has  always 
been  given  as  that  of  affording  free  and  unobstructed  facilities  for 
all  commerce  across  the  Isthmus,  it  would  really  seem  to  be  our  im- 
perative duty  to  provide  these  facilities  at  the  earliest  possible  mo- 
ment, when  it  can  be  done  at  a  very  moderate  cost  and  in  a  simple 
manner. 

It  is,  of  course,  a  fundamental  practice  in  railroad  maintenance 
and  operation  that  all  physical  changes  and  improvements  of  rail- 
road properties  should  be  so  conducted  as  not  to  interfere  with  or 
delay  the  current  traffic,  and  the  same  principle  should  apply  to  the 
conduction  of  the  canal.  The  railroad  should  be  used  as  an  instru- 
mentality for  this  construction,  but  it  should  not  be  so  used  as  to  be 
injurious  to  the  present  facilities  for  commerce.  On  the  contrary, 
it  ^ould  be  enlarged,  improved,  and  amplified  for  increasing  such 
facilities  in  the  manner  already  indicated. 

If  the  committee  should  think  that  imdue  importance  is  being  at- 
tached to  this  question,  it  may  be  suggested  that  when  such  a  large 
measure  of  benefit  to  the  world's  commerce  can  be  secured  by  the  ex- 
penditure of  so  small  a  sum  and  in  so  short  a  time  and  so  great  a  per- 
centage of  benefit  to  be  ultimately  derived  from  the  construction  of 
the  canal  be  at  once  secured,  the  importance  of  intelligent  and  imme- 
diate action  by  Congress  can  readily  be  understood  and  is  e^iruestly 
urged  upon  it. 

It  must  be  remembered,  and  it  is  well  known  to  persons  engaged  in 
large  transportation  problems,  that  it  is  much  easier  to  retain  and 
regulate  the  movement  of  traffic  along  lines  to  which  it  has  been 
accustomed  than  it  is  to  regain  it  after  it  has  been  once  diverted  to 
new  routes,  and  the  committee  ougjht  not  to  overlook  the  competition 
of  the  Tehuantepec  route,  which  is  now  being  provided  with  every 
Mnd  of  facility  tor  handling  traffic  from  ship  to  cars  and  from  cars 
to  ship  across  that  Isthmus,  and  which  it  is  suggested  ought  to  be  im- 
mediately provided  at  Panama,  so  that  not  omy  the  conunerce  now 
passing  across  the  Isthmus  at  Panama  may  be  retained,  but  every  pos- 
sible inducement  offered  to  the  constantly  increasing  commerce  or  the 
world  to  avail  itself  of  the  facilities  of  this  route  rather  than  allow 
itself  to  be  diverted  to  the  Tehuantepec  route  on  account  of  lack  of 
facilities  at  Panama. 

In  conclusion,  it  must  be  admitted  that  the  problems  now  confront- 
ing the  CJongress  are  of  a  very  embarrassing  character,  but  the  intelli- 
gence and  patriotism  if  its  members  will  surely  enable  it  to  reach  sat- 
isfactory conclusions.  When  such  conclusions  are  reached  both  as  to 
type  of  canal,  whether  at  sea  level  or  with  locks,  and  as  to  the  best 
method  of  constructing  it,  whether  under  the  present  organization  or 
by  letting  the  contract  to  outside  parties  under  the  supervision  of  the 
Corps  of  Engineers  of  the  United  States  Army,  it  can  not  be  doubted 
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that  its  decision  will  meet  the  expectations  of  the  people  in  all 
respects  and  satisfy  the  just  pride  that  their  country  has  undertaken 
the  task  of  conferring  upon  the  world  the  benefits  oi  this  great  enter- 
prise. 

Senator  KmREooE.  When  you  arrived  at  the  Isthmus  about  the 
1st  of  June,  1904,  you  found  engineering  parties  there  that  had  been 
operating  on  the  work? 

Mr.  Wallace.  Yes,  sir.  The  line  from  CSolon  to  Gamboa  was  cov- 
ered with  engineering  parties;  and  they  were  first  charged  with  a 
verification  of  the  French  topographical  maps,  and  second,  with  mak- 
ing borings. 

Senator  Kittbedgb.  Where  were  the  borings  made? 

Mr.  Wallace.  There  was  one  party  at  CSlon,  under  Mr.  List;  a 
second  at  Gatun,  under  Mr.  Nichols;  a  third  at  Bohio,  under  Mr. 
Dauchy,  and  a  fourth  at  Gamboa,  under  Mr.  Ely.  Tnese  several 
parties  were  again  subdivided  into  smaller  parties. 

Senator  Kittrbdge.  Please  tell  us  the  result  of  the  explorations  and 
borings  at  Gatun  especially,  and  also  at  Bohio. 

Mr.  Wallace.  In  order  to  explain  that  situation  I  will  state  that 
when  I  first  took  charge  I  understood  that  the  type  of  the  canal  had 
been  practically  estabRshed  by  the  Spooner  Act,  although  some  de- 
viation-might be  permitted  from  it;  and  I  had  read  a  paper  by  Mr. 
Ward,  published  m  the  transactions  of  the  American  Society  of  Civil 
Engineers,  which  has  been  made  part  of  your  record,  and  I  was  verv 
much  taken  with  the  idea  of  a  dam  at  Gatun.  The  first  idea  I  had, 
after  I  had  spent  a  week  or  so  on  the  Isthmus  and  looked  the  situation 
over  generally,  was  that  that  was  the  proper  locality  for  a  dam.  if  a 
lock  canal  was  constructed,  provided  suitable  foundations  could  be 
secured  for  it. 

Senator  E^ittredge.  Why  was  that? 

Mr.  Wallace.  In  figuring  out  the  various  elements  of  cost,  it  rave 
a  lock  canal  with  the  proper  depths  and  widths  for  less  money  than 
the  estimates  made  under  the  Spooner  plan.  That  was  the  prmcipal 
reason. 

After  we  had  made  a  very  few  borings  at  Gatun,  however,  we 
struck  one  of  the  gorges  that  are  shown  on  the  cross  section  that 
appears  in  this  exhibit  before  the  committee  and  found  this  loose, 
permeable  stratification  extending  down  to  about  179  or  180  feet 
below  the  sea  level,  containing  sand  and  freely  water  bearing.  That 
convinced  me  that  there  was  no  hope  of  finding  any  suitable  founda- 
tions for  a  dam  inside  of  any  reasonable  distance,  so  I  put  my  parties 
temporarily  on  other  parts  of  the  work. 

Senator  ICittredge.  I  wish  you  would  explain  in  detail  just  what 
was  done  in  making  borings  at  Gatun  and  what  was  developed.  You 
may  use  maps  if  you  wish. 

Mr.  Wallace.  I  do  not  see  your  cross  sections  here.  ^  I  do  not  re- 
member how  many  borings  were  made,  but  we  made  quite  a  number. 
[After  examining  maps.]  I  am  not  able  to  tell  from  this  particular 
plan  what  part  of  these  borings  were  taken  under  my  jurisdiction. 

The  Chairman.  I  think  all  the  borings  are  noted  on  this  plan.  I 
think  one  of  the  engineers  a  few  days  ago  stated  that  fact. 

Senator  Kittredoe.  Some  were  made  after  Mr.  Wallace  left 

The  Chairman.  I  think  a  number  were  made  after  you  left,  Mr. 
Wallace. 
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Mr.  Wallace.  The  railroad  is  on  this  side  of  the  gorge  [indica- 
ting J — that  is,  this  cross  section  is  a  cross  section  across  the  valley, 
looking  north,  and  some  of  the  first  borings  that  were  made  went 
down  m  this  gorge  about  179  or  180  feet.  We  made  others  that  only 
went  down  a  part  of  that  distance,  hut  as  soon  as  I  discovered  that 
there  was  a  gorge  there  and  that  that  depth  was  below  the  possibility 
of  finding  a  foundation  with  which  a  permanent  contact  could  tie 
made,  or  to  which  the  foundation  of  a  dam  could  be  taken,  I  tem- 
porarily abandoned  those  borings  and  went  to  work  with  the  same 
party  and  tried  to  find  the  character  of  the  material  through  here,, 
with  the  idea  of  making  a  cut-off  in  order  to  shorten  the  canaL  That 
was  afterwards  abandoned,  however. 

After  the  Commission  came  down  in  August  they  were  not  satis- 
fied in  regard  to  my  theory  of  the  continuity  of  this  gorge,  so  then  we 
went  to  work  and  kept  at  it  continuously  from  that  time  and  took 
these  other  borings  which  you  see  here  in  order  to  determine,  if  it 
was  possible,  that  we  could  find  some  place  where  the  indurated  clay 
was  not  so  deep  as  it  was  at  the  point  first  selected  for  examinatioiL 

In  other  words,  to  present  the  matter  more  clearlv  to  you,  the  prin- 
ciple I  was  working  on  was  this :  That  in  a  work  ot  this  magnitude  it 
would  not  be  safe  to  construct  any  dam  to  hold  back  the  head  of 
water  that  would  be  necessary  at  that  point  unless  we  could  go  to 
bed  rock  with  our  foundations.  That  we  had  decided  on  as  a  funda- 
mental principle.  When  we  found  that  the  gorge  existed  there,  I 
could  see  no  use  of  further  explorations. 

Senator  Simmons.  Do  you  mean,  Mr.  Wallace,  that  it  is  necessary 
that  the  whole  dam  should  rest  upon  a  rock  foundation? 

Mr.  Wallace.  No  ;  not  necessarily ;  but  that  you  should  be  able  at 
least  to  carry  a  curtain 

Senator  Simmons.  I  mean  for  the  safety  of  the  dam.  Do  you 
mean  that  it  is  necessary  that  the  whole  of  the  dam  should  rest  upon 
a  rock  foundation  ? 

Mr.  Wallace.  No;  not  the  whole  foundation.  But  it  is  neces- 
sary— ^that  is,  in  my  own  opinion — that  you  should  carry  down  a 
contact,  or  what  we  call  a  curtain  wall,  to  the  bed  rock  or  to  some 
impervious  material. 

Senator  Simmons.  The  whole  length  of  the  dam  ? 

Mr.  Wallace.  The  whole  entire  length  of  the  dam. 

Senator  Ejttredge.  Why  is  that? 

Mr.  Wallace.  That  is,  from  one  side  of  the  valley  to  the  other. 
Why,  it  is  so  as  to  cut  off  the  percolation  of  any  water  underneath 
your  structure. 

Senator  Simmons.  Is  that  what  you  call  a  core?  What  do  you  call 
that  construction  which  you  say  must  go  down  to  the  rock  ? 

Mr.  Wallace.  If  it  is  an  earth  dam  which  you  are  building  on  a 
rock  foundation  you  put  in  what  we  call  a  puddle  core.  That  is,  you 
put  in  a  core  in  the  center  of  that  dam  that  is  impervious  to  water. 

Senator  Simmons.  Yes. 

Mr.  Wallace.  If  you  desired  to  build  a  large  earth  dam  in  an 
alluvial  valley  you  would  want  to  carry  that  core  down  to  the  bed 
rock  or  to  some  impervious  material.  We  generally  call  it  a  curtain 
wall. 
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The  Chairman.  What  you  mean  by  the  curtain  is  the  wall  made 
of  concrete  or  stone,  or  whatever  it  may  be,  that  comes  next  to  the 
water,  and  then  you  fill  it  behind  with  earth?     Is  that  it? 

Mr.  Wallace.  No;  I  mean  a  subterranean  construction,  a  subsur- 
face construction  that  will  go  clear  to  the  bed  rock. 

Senator  Simmons.  What  is  that  to  be  made  of — masonrv  or  tim- 
ber? 

Mr.  Wallace.  That  can  be  of  timber  if  it  is  entirely  submerged, 
or  it  can  be  of  concrete,  or  it  can  be  of  any  material,  of  whatever 
•  nature,  that  will  be  permanent  and  that  will,  without  any  question, 
shut  off  the  percolation  or  flow  of  water  underneath  your  dam. 

Senator  Taliaferro.  That  is,  this  curtain  has  no  part  whatever  in 
the  foundation  except  to  prevent  an  underflow  of  water  ? 

Mr.  Wallace.  That  is  it,  exactly.  Now,  there  are  two  things  to 
be  guarded  against — • — 

Senator  Simmons.  This  curtain  goes  down  to  the  rock  and  extends 
the  full  length  of  the  dam? 

Mr.  Wallace.  Yes.  To  make  it  clear  to  you,  perhaps  I  can  ex- 
plain it  a  little  differently. 

The  foundation  for  a  dam  has  t6  perform  two  fimctions.  One  is 
to  support  the  structure  upon  which  it  rests ;  the  other  is  to  prevent 
the  water  from  running  through  underneath  it. 

Senator  Taliaferro.  And  undermining  it? 

Mr.  Wallace.  Either  undermining  it  or  else  exhausting  your  reser- 
voir of  its  water  supply.  You  may  nave  a  flow  of  water  underneath 
a  dam  that  may  drain  the  dam  area  and  still  may  not  ruin  your 
structure  as  a  dam.    Have  I  made  that  clear  to  you  ? 

Senator  Taliaferro.  Well,  Mr.  Wallace,  if  there  was  sufficient 
underflow  to  drain  that  dam,  would  it  not  in  all  probability  impair 
the  structure  itself? 

Mr.  Wallace.  Possibly,  but  not  necessarily  so— r-that  is,  it  might  be 
possible  to  drain  that  water  off  absolutelv  and  not  be  able  to  hold 
water  in  your  dam  and  still  not  destroy  the  dam.  But  I  would  not 
take  the  chances  on  it  if  I  were  building  the  dam,  though  I  can  not 
say  that  it  would  not  be  possible  to  do  it. 

Senator  Simmons.  Is  it  proposed  to  construct  any  such  curtain  as 
you  now  speak  of  at  Gamboa  ? 

Mr.  Wallace.  At  Gamboa?  No,  sir;  because  at  Gamboa  the 
foundations  themselves  go  to  the  bed  rock.  At  Gamboa  the  primary 
rock  foundation  comes  up— not  the  indurated  clay,  where  you  do  not 
know  what  is  underneath  it,  but  the  actual  basaltic  rock,  of  which  the 
backbone  of  the  continent  itself  is  made.  The  deepest  part  at 
Gamboa  is  only  at  sea  level.  You  only  have  to  go  45  or  50  feet  below 
the  bed  of  the  Chagres  River  to  put  the  foundations  of  your  dam 
right  down  on' the  bed  rock,  which  is  the  backbone  of  the  continent, 
and  there  is  not  any  question  at  all  about  its  integrity. 

Senator  Simmons.  But  after  you  get  to  bed  rock  at  Gamboa  you 
propose  to  construct  an  earth  dam  there  with  a  masonry  core,  do  voii 
notf 

Mr.  Wallace.  No  ;  not  necessarily  so.  That  was  a  detail  that  was 
left  for  subsequent  determination. 

Senator  Simmons.  Has  anybody  suggested  anything  there  except 
an  earth  dam  with  a  masonry  core? 
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Mr.  Wallace.  Yes,  sir;  I  understand  that  the  majority  of  the 
advisory  board  suggested  a  masonry  dam,  ahd  a  masonry  dam  is  the 
thing,  it  seems  to  me,  to  construct  there.  The  only  reason  that  any- 
one ever  suggested  an  earthen  dam  with  a  masonry  core  at  Gamboa  was 
from  the  fact  that  there  was  so  much  material  to  dispose  out  of  Culebra 
that  the  material  could  be  wasted  at  the  site  of  that  dam,  arid  it 
would  afford  a  place  to  put  that  material.    As  far  as  an  engineering 

5 reposition  is  concerned,  the  proper  thing  to  build  there  is  a  masonry 
am. 

The  strength  of  a  masonry  dam  founded  on  the  bed  rock  is  a  matter 
of  absolute  mathematical  determination.  There  is  no  guesswork 
about  it.  You  can  logically  reason  from  the  integrity  of  one  masonry 
dam  to  another  masonry  dam,  because  you  have  elements  there  that 
are  what  we  call  determmate.  But  you  can  not  so  figure  on  an  earthen 
dam.  An  earthen  dam  is  absolutely  a  question  of  judgment  and 
opinion.  You  can  build  an  earthen"  dam  in  Massachusetts  or  New 
lork  or  Colorado  that  will  stand  a  head  of  85  feet  of  water,  and  it  is 
no  criterion  at  all  that  the  same  dam  at  Gatun  or  in  South  Africa 
or  at  any  other  place  would  stand  it,  because  the  conditions  are  never 
the  same.  I  mean  the  conditions  under  the  surface.  That  is  a  matter 
of  what  you  may  call  engineering  judgment  if  you  are  in  favor  of 
an  earth  dam,  and  you  may  call  it  engineering  guesswork  if  you 
are  not. 

Senator  Taliaferro.  Mr.  Wallace,  is  not  this  earthen  dam  which 
is  proposed  by  the  minority  at  Gatun  a  dam  of  unusual  strength? 

Mr.  Wallace.  Yes ;  it  is ;  but  as  I  said  awhile  ago,  the  unusual  size 
that  you  make  that  dam  may  affect  its  integrity  as  a  dam  if  there  is 
no  water  flowing  under  it  and  if  it  is  on  a  proper  foundation.  But 
there  are  two  gorges  that  are  underneath  it.  The  deeper  you  go  in 
those  gorges  the  more  water-bearing  the  material  is.  You  find  the 
same  mass  of  loose  gravel  in  the  bottom  of  this  gorge  here  that  we 
found  in  the  bottom  of  the  gorge  at  Bohio,  a  really  water-bearing 
stratification,  practically  a  suoterranean  river.  Now,  when  you  add 
to  that  a  pressure  of  some  38  oounds  to  the  square  inch,  due  to  this 
S5  feet  of  head  of  water  whicn  is  behind  this  dam  bearing  on  this 
water  to  press  it  through  that  stratification,  no  engineer  can  tell  you 
what  is  going  to  happen  there. 

Senator  Simmoxs.  Mr.  Wallace,  I  want  to  see  if  I  understand  you. 
If  I  understand  you,  your  position  is  that  you  can  not  guarantee  the 
safety  and  integrity  of  an  earth  dam  unless  it  is  either  built  upon  a 
rock  foundation  or  unless  there  is  a  curtain  going  down  from  the 
surface,  through  the  subsurface,  to  a  rock  foundation  ? 

Mr.  Wallace.  Yes,  sir. 

Senator  Simmons.  That  is  your  position  ? 

Mr.  Wallace.  That  is  my  positiT)n. 

Senator  Simmons.  And  that  curtain  must  extend  the  full  length  of 
the  dam  ? 

Mr.  Wallace.  The  full  length  of  the  dam ;  yes,  sir. 

Senator  Simmons.  That  is,  not  only  across  those  gorges — down 
^here  those  gorges  are — ^but  down  where  this  indurated  clay  is? 

Mr.  Wallace.  It  must  go  into  that.  If  this  indurated  clay  is  all 
indurated  clay,  if  you  get  a  good  foothold  into  this  clay  it  is  a  proper 
foundation. 

ENO  I  c— 06 ^38 
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Senator  Taliafehro.  !•  want  to  ask  you  a  question  before  you  get 
awav  from  that. 

IMfr.  Wallace.  May  I  finish  this  matter — ^just  a  minute? 

Senator  Taliaferro.  Yes,  sir. 

Mr.  Wallace.  But  no  man  can  tell  what  is  here.  While  it  is  pos- 
sible and  while  it  is  probable  that  that  indurated  clay  does  extend  to 
the  bed  rock,  you  have  not  any  surety  of  it. 

Senator  Simmons.  What  I  want  to  get  from  you  is  your  opinion  as 
to  whether  that  curtain  has  to  go  down  through  that  indurated  day 
until  you  get  to  bed  rock,  in  order  to  guarantee  the  integrity  of  your 
dam. 

Mr.  Wallace.  No,  sir ;  not  if  that  indurated  clay  does  go  to  bed 
rock ;  but  I  would  find  that  out  first,  before  I  built  a  dam  that  this 
great  work  was  dependent  upon. 

Senator  Simmons.  It  must  be  demonstrated  that  the  indurated  clay 
goes  to  the  bottom,  or  you  must  go  through  the  indurated  clay  with 
your  curtain  down  to  the  bed  rock? 

Mr.  Wallace.  Yes,  sir. 

Senator  Taliaferro.  Now,  Mr.  Wallace,  your  answer  to  Senator 
Simmons  seems  to  lay  down  the  general  proposition  that  an  earth  dam 
is  not  safe  unless  the  foundations  go  to  bed  rock,  or  there  is  this  cur- 
tain going  to  bed  rock,  for  the  purpose  of  cutting  off  an  underflow  of 
water. 

Mr.  Wallace.  Yes — that  is,  of  course,  unless  the  material  may  be 
of  an  impervious  nature. 

Senator  Taliaferro.  You  did  not-put  that  qualification  in  your  an- 
swer before.  I  was  going  to  ask  you  if  there  were  not  a  great  many 
earth  dams  in  this  country  which  have  been  proved  to  be  sare  ? 

Mr.  Wallace.  Yes;  but  if  you  had  a  thousand  earth  dams  in  this 
country  that  were  proven  to  be  safe,  they  would  be  no  criterion  that 
one  at  Gatun  would,  unless  the  conditions  at  Gatun  coincided  with 
the  conditions  of  these  that  had  been  proved  here. 

Senator  Taliaferro.  Exactly  so ;  but  it  would  answer  your  general 
proposition  that  earth  dams  were  unsafe? 

Mr.  Wallace.  Oh,  no ;  I  did  not  say  that;  I  beg  your  pardon. 

Senator  Taliaferro.  Well,  that  earth  dams  were  not  sate? 

Mr.  Wallace.  What  I  say  is  this,  that  I,  of  my  own  judgment, 
would  not  construct  an  earthen  dam  in  an  important  work  like  this 
or  with  a  great  head  of  water  behind  it  unless  it  was  either  founded 
on  the  rock  or  founded  on  some  impervious  material  like  indurated 
clay  or  unless  it  was  protected  by  a  curtain  that  was  taken  to  the  bed 
rock  or  to  the  indurated  clay  or  to  a  surface  through  which  the  water 
would  not  flow. 

Senator  Taliaferro.  I  thought  you  meant  that. 

Mr.  Wallace.  That  is  what  I  meant ;  yes. 

Senator  Simmons.  What  did  you  call  these  two  formations  here? 

Mr.  Wallace.  Down  in  the  bottom  here  there  is  loose  gravel. 

Senator  Simmons.  But  what  did  you  call  that  [indicating]  ?  We 
have  been  calling  it  a  gulch. 

Mr.  Wallace.  I  called  it  a  geological  gorge. 

Senator  Simmons.  A  gorge;  yes.  Now,  Sir.  Wallace,  eliminating 
those  two  gorges  altogether,  supposing  that  they  were  not  there,  but 
that  the  formation  where  those  gorges  are  was  the  same  as  this  here 
[indicating] — in  other  words,  that  it  was  all  indurated  clay  clear 
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across  the  line  of  this  canal  and  that  that  indurated  clay  extended 
down  200  feet,  the  full  length  of  the  canal,  do  you  give  it  as  your 
opinion  that  you  could  not  construct  upon  the  surface  of  that  in- 
durated clay  an  earthen  dam  which  would  be  absolutely  safe? 

Mr.  Wallace.  No;  I  do  not  say  that,  because,  as  I  said  before,  it 
would  depend  entirely  on  what  was  underneath  it  here. 

Senator  Simmons.  I  am  asking  you  a  hypothetical  case. 

Mr.  Wallace.  Well,  you  have  to  take 

Senator  Simmons.  I  can  not  get  at  your  views  unless  you  will  allow 
me  to  ask  you  a  hypothetical  case. 

Mr.  Wallace.  I  know,  but  engineers  do  not  decide  things  on  hypo- 
thetical cases.  We  decide  the  form  of  our  structure  on  wnat  we  find 
underneath. 

Senator  Simmons.  But  it  mi^ht  be  of  some  benefit  to  us  to  have 
your  opinion  on  a  hypothetical  case.  Of  course  I  do  not  want  it 
unless  you  are  willing  to  give  it. 

Mr.  Wallace.  Well,  engineers  are  a  good  deal  like  some  judges; 
they  do  not  give  their  opinions  on  hypothetical  cases. 

Senator  Simmons.  I  will  ask  you  tne  question,  and  you  can  answer 
it  or  not,  as  you  see  fit.  Eliminating  the  two  gorges  there,  supposing 
that  the  material  in  those  gorges  was  the  same  as  that  on  either  side 
of  it,  and  that  you  have,  therefore,  for  the  full  length  of  the  dam, 
a  foundation  of  indurated  clay  extending  200  feet  below  the  surface, 
I  ask  you  the  question  if,  witn  those  conditions,  an  earth  dam  there 
would  not  be  practically  secure  and  safe? 

Mr.  Wallace.  I  would  not  put  an  earth  dam  in  there  in  an  im- 

r>rtant  work  of  this  character  under  the  conditions  you  name  unless 
knew  what  was  under  that  200  feet  of  indurated  clay,  and  unless 
I  knew  how  far  above  and  below  the  dam  the  indurated  clay  extended. 

Senator  Simmons.  That  is  an  answer  to  the  question. 

Mr.  Wallace.  Yes,  sir. 

Senator  Ankeny.  Mr.  Wallace,  that  indurated  clay  is  never  of 
uniform  thickness,  is  it? 

Mr.  Wallace.  That  is  the  reason,  or  that  is  one  of  the  reasons,  why 
I  would  not  trust  an  important  structure  of  that  kind  on  it  unless 
I  knew  what  was  underneath  it. 

I  have  had  some  experience  with  this  kind  of  clay.  I  put  in  a 
bridge  across  the  Missouri  River  quite  a  number  of  years  ago  for  the 
Santa  Fe  Railroad  Company.  When  I  first  took  charge  of  that  struc- 
ture they  had  a  line  of  borings  across  the  valley.  That  line  of  borings 
struck  an  indurated  clay  that  was  a  great  deal  heavier  and  harder 
than  this  indurated  clay  is;  and  the  engineer  that  was  sent  to  take 
those  borings  had  reported  that  he  had  found  a  foundation  substan- 
tial enough  to  construct  the  piers  of  that  bridge  on ;  and  the  bridge 
was  planned  with  its  caissons  and  its  piers  and  everything  to  go  to 
that  depth. 

When  I  arrived  on  the  ground  I  commenced  to  examine  the  char- 
acter of  some  of  the  rock  borings  and  this  claj^,  and  I  was  not  satis- 
fied that  he  had  gotten  into  a  permanent  stratification.  Se  we  went 
on  through,  and  after  going  through  some  feet  of  this  material  we 
struck  gravel  and  sand,  and  so  forth,  below.  We  found  indurated 
day  in  there  that  weighed  120  pounds  to  the  cubic  foot,  and  that  was 
more  of  rock  nature,  really,  than  this  indurated  clay  is  here;  and 
underneath  it  we  found  a  mass  of  loose  material,  gravel  and  so  on. 
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that  we  had  to  carry  the  piers  of  that  bridge  down  through.  Instead 
6f  going,  as  we  expected,  about  20  feet,  we  had  to  go  65  or  75  to  80 
feet  below  the  surface  of  the  water,  depending  on  stage  of  water. 

Senator  Morgan.  What  place  are  you  speaking  of  now  ? 

Mr.  Wallace.  I  am  speaking  of  a  bridge  foundation  that  I  put  at 
one  time  across  the  Missouri  River  at  Sibley. 

There  is  a  section  of  country  that  Senator  Kittredge  is  familiar 
with — ^in  the  Dakota  country — 1  think  up  near  the  Jim  Kiver  district 
where  the  Missouri  River  comes  down  along  the  mountain  slope  oi 
the  continent  at  a  much  higher  elevation  than  a  large  part  of  Dakota. 
In  South  Dakota  you  can  put  down  almost  anywhere  a  pipe  of  almost 
any  size  and  get  a  flowing  artesian  well  from  it.  I  think  the  Senator 
will  bear  me  out  in  that,  at  least  to  a  degree. 

Senator  Kittredge.  That  is  right. 

Mr.  Wallace.  That  water  evidently  comes  underneath  from  the 
Missouri  River,  and  it  flows  through  this  sand  and  gravel  and  a  fine 
silt — ^the  silt  is  much  finer  than  the  material  we  found  in  this  gorge 
here — ^and  under  several  hundred  feet  of  indurated  clay.  Am  I  cor- 
rect in  that  ? 

Senator  Kittredge.  That  is  absolutelv  right. 

Mr.  Wallace.  And  so  much  water  flows  through  that  stratifica- 
ti(Mi  that  there  are  times  when  there  is  more  water  in  the  Missouri 
River  at  Yankton  than  there  is  at  Sioux  City.  Is  not  that  correct, 
Senator? 

Senator  Kittredge.  That  is  true. 

Senator  Dryden.  Mr.  Wallace,  do  the  engineers  who  have  ex- 
amined the  subject  all  concur  with  you  in  your  opinion  ? 

Mr.  Wallace.  I  do  not  know;  I  have  not  conferred  with  any  of 
them. 

Senator  Dryden.  You  have  not  read  their  testimony? 

Mr.  Wallace.  I  have  read  their  testimony ;  yes,  sir. 

Senator  Dryden.  Have  you  observed  in  your  readings  whether  they 
do  or  do  not  agree  with  you  ? 

Mr.  Wallace.  Some  of  them  do  and  some  of  them  do  not— -or, 
rather,  to  put  it  the  other  way,  I  agree  with  some  of  them  and  with 
some  of  them  I  do  not  agree. 

Senator  Dryden.  It  comes  to  the  same  result? 

Mr.  Wallace.  It  comes  to  the  same  result;  yes,  sir. 

Senator  Dryden.  There  are  a  number  of  very  eminent  engineers 
who  hold  that  that  dam  can  be  safely  built  across  those  gorges. 

Mr.  Wallace.  I  presume  there  are ;  but  I  am  simply  speaking  for 
myself. 

Senator  Dryden.  Precisely. 

Mr.  Wallace.  And  for  myself,  I  would  not  do  it. 

Senator  DrydeN;  Will  you  point  out  to  me,  if  you  please,  while 
we  a^  on  this  subject,  on  the  map  Which  shows  the  dam,  just  where 
the  dam  will  cross  these  gorges? 

Mr.  Wallace.  I  am  not  familiar  with  these  maps;  but  one  of  the 

forges  in  the  map  is  here,  and  the  other  one  is  nere — ^that  is,  this 
ill,  in  which  they  evidently  have  designed  the  sluice  gates— the 
spillway — is  in  between  these  two  gorges. 

Senator  Dryden.  About  what  is  the  length  of  the  mouth  of  those 
ixorges-^the  top  of  the  gorges? 
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Mr.  Wallace.  That  one  is  about  1,800  or  2,000  feet  across,  and  this 
one  is  about — a  little  over  a  thousand — about  a  thousand.    . 

Senator  Dryden.  Yes ;  thank  you.  I  did  not  quite  get  your  point 
when  you  said  that  certain  conditions  might  make  a  dam  safe  in 
Massachusetts  but  would  not  apply  on  the  Isthmus. 

Mr.  Wallace.  Yes,  sir. 

Senator  Dryden.  I  did  not  quite  get  that  point. 

Mr.  Wallace.  What  I  meant  by  that  was  that  there  is  no  simi- 
larity in  respect  to  the  foundations. 

Senator  Dryden,  Yes. 

Mr.  Wallace.  As  far  as  the  constructing  of  the  dam  itself  is 
concerned,  after  your  foundations  are  secure,  if  you  construct  a  dam 
with  reasonable  care,  with  the  same  kind  of  material,  and  see  that 
the  layers  are  all  properly  put  in,  you  can  construct  your  dam  itself 
as  well  in  one  place  as  you  can  in  another.  But  what  I  meant  to  say 
was  that  because  an  earth  dam  had  a  proper  foundation  or  was  on  a 
material  that  was  not  permeable  by  water  in  Massachusetts,  it  is  no 
sign,  if  you  construct  a  dam  on  the  Isthmus,  that  you  would  find 
the  same  conditions  occurring  underneath  the  surface.  You  under- 
stand what  I  mean  ? 

Senator  Dryden.  Yesi 

Mr.  Wallace^  There  are  two  elements  in  the  earth  dam  proposi- 
tion. One  is  the  structure  which  we  intend  to  make,  the  elements  of 
which  can  be  determined.  The  other  is  that  part  of  the  structure 
which  nature  has  made  and  which  is  not  the  same  in  one  locality  as 
it  is  in  another.  You  might  not  find  in  the  whole  wide  world 
another  condition  exactly  similar  to  this. 

That  is  the  point  I  was  trying  to  make — that  the  conditions  under- 
neath the  dam  in  Massachusetts  were  no  criterion  as  to  what  the 
conditions  would  be  underneath  the  dam  at  Gatun,  unless  they  were 
found  to  be  identical. 

Senator  Dryden.  The  depth  of  this  dam  is  about  a  half  a  mile, 
as  I  understand,  from  the  head  to  the  end  of  it? 

Mr.  Wallace.  Well,  yes.  Here  it  is,  underneath  here,  on  this 
lower  map. 

Senator  Dryden.  I  think  it  has  been  testified  that  it  is  about  a 
half  a  mile. 

Mr.  Wallace.  Yes,  sir. 

Senator  Dryden.  Is  not  the  fact  of  that  enormous  depth,  which  I 
understand  to  be  entirely  unprecedented,  far  beyond  anything  that 
has  ever  been  constructed  before,  a  very  important  factor  as  furnish- 
ing a  resisting  force  for  the  seepage  of  this  water? 

Mr.  Wallace.  No,  sir. 

Senator  Dryden.  You  hold  it  ^ould  make  no  difference  whether 
that  dam  is  of  such  a  depth  as  that  or  smaller? 

Mr.  Wallace.  Except  this:  Except  so  far  as  it  would  make  a 
longer  area  between  where  the  water  might  reach  this  substratifica- 
lion  and  where  the  water  might  come  from,  and  increase  the  friction 
due  to  the  flow  of  water  through  the  material.     If  that  material  com- 

Sressed  this  gravel  down  in  nere  it  would  be  another  proposition, 
ut  experience  has  shown  us — at  least  my  experience  has  shown  me — 
that  the  weight  of  that  dam  on  top  of  this  material  would  have  no 
effect  whatever  on  the  flow  of  water  through  this  gorge  below  here. 
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It  may  compress  some  of  the  upper  stratifications  in  which  there  is 
vegetation  or  alluvial  matter. 

Senator  Morgan.  By  "  the  gorge  below  here  "  you  mean  the  deepest 
gorge? 

Mr.  Wallace.  Yes;  the  two  deep  gorges;  the  two  gorges  at  Gatun. 

Senator  Morgan.  And  this  is  the  deepest  one? 

Mr.  Wallace.  Yes.    The  same  thing  would  apply  to  the  other  one» 

Senator  Morgan.  Yes ;  I  merely  want  to  get  the  record  right 

Mr.  Wallace.  The  compression  would  take  place  in  the  upper 
stratifications  that  are  made  up  of  vegetable  matter  or  of  alluvial 
matter,  and  the  effect  of  those  compressions  will  be  an  inequality  in 
the  settlement  of  your  dam,  and  the  probabilities  of  cracks  and  breaks 
in  it  in  line  with  the  edges  of  these  gorges.  But  the  pressure  of  that 
dam  will  have  no  effect  whatever  as  to  tne  flow  of  water  through  this 
water-bearing  stratification  in  the  bottom  of  the  gorges. 

Senator  Dryden.  Would  not  the  fine  matter  which  washes  down  in 
the  silt  fill  up  the  little,  infinitesimal  crevices  in  this  alluvial  matter, 
so  as  to  constantly  make  it  more  water-tight? 

Mr.  Wallace.  Under  some  conditions  it  might;  under  other  condi- 
tions, no. 

That,  in  fact,  is  such  an  insignificant  proposition  that  it  is  not 
strong  enough  to  be  an  element  upon  which  to  base  a  decision  of  this 
kind.  It  has  not  done  it  so  far.  You  find  the  deeper  you  go  here  the 
coarser  this  material  is  and  the  more  water  runs  through  it. 

If  a  dam  is  built  here,  the  possibilities  are,  you  will  find,  that  silt 
may  never  come  in  against  the  exact  dam  itself.  It  might  not  for 
ages;  it  might  not  for  nundreds  of  years,  because  it  will  come  in  from 
the  side  creeks  and  will  be  deposited  wherever  the  water  is  still,  and 
there  will  be  very  little  that  may  come  down  against  this  dam  in  the 
water  that  is  against  it,  because  the  water  will  be  still  for  quite  a  dis- 
tance above  it.  You  mirfit,  where  that  material  would  settle  on  sand 
of  a  certain  character.  If  it  did  settle,  it  would  have  a  tendency  to 
make  it  more  impermeable  than  it  was  before.  But  I  do  not  think 
we  could  trust  in  this  dam  on  checking  off  that  flow  of  water  by  that 
means  at  all.     I  think  the  risk  would  be  too  great.    . 

Senator  Dryden.  Does  the  great  extent  oi  this  dammed-.up  water 
add  anything  to  the  weight  or  to  the  influence  of  this  head  of  water 
seekingan  outlet  through  this  seepage  ? 

Mr.  Wallace.  The  weight  of  the  water  is  due  to  its  head  and  not  to 
its  volume,  except  this,  that  over  the  entire  bottom  of  this  dam  there 
is  a  downward  pressure  of,  say,  38  or  40  pounds  per  square  inch. 
That  pressure  is  also  horizontal,  applied  to  this  water  flowing 
through  the  dam.  That  pressure  exists  over  all  this  entire  area,  so 
that  if  half  a  mile  away  from  here  there  was  another  vein  of  grav^ 
imderneath  the  indurated  clay,  and  the  inlet  to  that  might  be  a  mile 
above  your  dam  or  2  miles,  that  weight  would  be  there  transmitted 
on  that  water  to  push  it  through  under  that  clay,  and  you  might 
find  springs  develop  and  waterways  develop  below  your  dam  a 
great  ways  off  even  from  these  gorges,  if  there  was  any  continuous 
strata  that  was  water  bearing  that  was  connected  with  any  of  this 
water  above  the  dam  and  any  of  this  area  in  the  swamps  below. 
Springs  might  come  up  miles  away  from  it.  due  to  that  cause,  because 
that  pressure  is  underneath  the  entire  suriace  of  your  dam,  no  mat- 
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ter  how  many  miles  it  may  be  in  extent,  due  to  the  height  of  the 
water  above  the  point  upon  which  the  water  rests. 
Senator  Drydbn.  If  it  should  be  necessary  in  building  across  these 

Sorges  to  make  a  provision  such  as  you  have  referred  to — ^running 
own  these  aprons  imtil  you  strike  a  strong,  sufficient  f oimdation — 
is  that  impracticable  from  an  engineering  standpoint? 

Mr.  Wallace.  Well,  in  this  particular  case  I  would  not  undertake 
to  do  it — ^that  is,  if  it  was  a  work  that  I  was  doing  for  clients.  No 
engineer  would  like  to  say  that  anything  in  an  engineering  way  is 
impracticable.  It  is  possible  to  close  that  off  by  a  great  many  means, 
but  you  can  not  get  at  it  to  see  it,  and  a  great  deal  of  it  would  have 
to  be  left  to  the  discretion  and  judgment  of  the  men  that  did  it  on 
the  ground ;  and  whether  it  could  be  done  or  not,  or  how  long  it  would 
take  or  how  effective  it  would  be,  are  very  uncertain  quantities. 

Senator  Ankeny.  I  infer  from  that  that  the  weight  of  that  dam 
would  increase  thej)ercolation.    Is  that  right? 

Mr.  Wallace.  !No,  sir;  I  do  not  mean  to  say  that  the  weight  of  the 
dam  will  increase  the  percolation. 

Senator  Ankeny.  The  water  above  would  increase  it? 

Mr.  Wallace.  The  water  behind  it,  in  the  lake  that  would  be  cre- 
ated by  the  dam,  would  increase  the  percolation,  due  to  the  head  of 
the  water. 

Senator  Ankeny.  That  is  what  all  this  means? 

Mr.  Wallace.  Yes,  sir ;  that  is  what  all  this  means.  What  I  meant 
to  say,  further,  is  that,  in  my  judgment,  it  would  be  a  very  unsafe 
thing  to  predicate  this  important  work  on  a  structure  built  at  that 
point. 

Senator  Ankeny.  Upon  a  plan  open  to  these  objections? 

Mr.  Wallace.  Yes,  sir. 

Senator  Dryden.  Have  you  found  any  other  weak  point  in  that 
scheme  for  a  dam  except  these  two  gorges  ? 

Mr.  Wallace.  I  do  not  like  the  lock  proposition  that  goes  with  it. 

Senator  Simmons.  You  said  you  made  some  borings  after  you  went 
down  there? 

Mr.  Wallace.  Yes,  sir. 

Senator  Simmons.  What  was  the  greatest  depth  of  your  borings? 

Mr.  Wallace.  I  think  some  of  them  were  200  feet.  As  I  said  be- 
fore you  came  in  the  room,  we  abandoned  the  borings  at  one  time, 
after  we  had  commenced  them  and  gotten  down  about  179  or  180  feet. 
Afterwards  I  went  back  again  and  explored  that  valley  and  made  a 
great  many  other  borings  cQl  through  there. 

Senator  Simmons.  Did  you  get  through  the  indurated  clay  ? 

Mr.  Wallace.  No,  sir;  I  (fid  not  go  down  through  that.  All  I 
tried  to  do  was  to  develop  these  gorges,  because  when  I  found  one 
depth  that  was  below  what  I  considered  a  practicable  depth  to  take  a 
foundation  to  that,  to  my  mind,  settled  that  locality. 

Senator  Simmons.  Were  your  borings  altogether  in  the  gorges? 

Mr.  Wallace.  No,  sir.  They  were  all  over ;  some  of  them  down 
here  [indicating  on  map]. 

Senator  Simmons,  flow  deep  did  you  go  in  the  gorges? 

Mr.  Wallace.  My  recollection  is  that  before  I  left  the  deepest  I 
found  was  about  200  feet. 

Senator  Simmons.  How  deep  did  you  go  through  the  indurated 
clay? 
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Mr.  Wallace.  T\Tienever  we  struck  the  indurated  clay  and  went 
into  it  10  or  15  f^t  we^stopped. 

.Senator  Simmons.,  x  ou  did  not  prosecute  your  borings  to  the  ex- 
tent of  finding  what  was  the  character  oiF  the  material  below  the 
strate,  of  indurated  clay  ? 

Mr.  Wallace.  No,  sir;  because/ to  my  mind,  that  was  entirelj^  un- 
necessary. Having  found  that  there  were  deep  gorges  there  [indi- 
cating on  map],  it  looked  like  a  waste  of  money  to  undertake  anj' 
further  experiments  there.  If  that  location  had  been  selected  for  a 
dam  and  I  had  been  instructed  to  build  a  dam  on  that  location,  I 
would  not  have  stopped  until  I  had  gone  clear  through  and  into  the 
rock  and  gotten  through  several  stratifications,  so  that  I  could  have 
found  the  geological  sequence  of  the  various  stratifications. 

Senator  Simmons.  Your  200  feet  borings  down  those  gulches  there 
did  not  reach  strata  of  rock  or  other  hard  substance  ? 

Mr.  Wallace.  No,  sir. 

Senator  Simmons.  Why  did  you  stop  at  200  feet?  Why  did  you 
not  ffo  deeper  down  ? 

Mr.  Wallace.  The  reason  was  this :  We  were  crowded  for  men,  and 
we  were  crowded  for  material,  and  we  had  other  questions  that  were 
of  great  importance  that  we  must  solve,  and  we  needed  every  man 
anaT  every  machine  that  we  had.  As  I  abandoned  that  in  my  mind 
as  a  place  for  a  dam  when  I  got  down  that  200  feet  and  did  not  fi.nd 
any  suitable  material  for  a  foundation,  it  was,  to  my  mind,  simply  a 
waste  of  time  to  continue. 

Senator  Simmons.  When  you  got  down  200  feet  and  did  not  find 
any  solid  substance  you  reached  the  conclusion  satisfactory  to  yourself 
that  that  was  not  a  proper  place  for  a  dam  ? 

Mr.  Wallace.  Yes,  sir. 

Senator  Simmons.  When  was  it  that  you  reached  that  conclusion? 

Mr.  Wallace.  That  was,  I  think,  in  August,  1904. 

Senator  Simmons.  Since  that  time  you  have  been  opposing  this 
proposition  to  put  a  dam  there? 

Mr.  Wallace.  No,  sir.  I  went  back  again,  at  the  request  of  the 
old  Commission,  and  we  took  additional  borings,  because  their  theory 
was  that  at  some  place  else  across  that  valley  we  might  find  a  con- 
tinuous ridge  of  tnis  indurated  clay  upon  which  this  dam  might  be 
built,  and  it  was  on  that  chance  that  we  continued  our  investigation. 

Senator  Simmons.  Did  you  make  boring  elsewhere  in  the  valley 
with  a  view  to  ascertaining  whether  conditions  were  different  there  ? 

Mr.  Wallace.  Yes.  That  is  the  reason  all  these  black  borings  were 
taken  from  here  away  above  the  dam  [indicating  on  map]. 

Senator  Morgan.  Did  you  ever  find  that  continuous  ridge  of  im- 
pervious material  ? 

Mr.  Wallace.  No,  sir ;  we  did  not. 

"VMiile  these  borings  were  going  on  we  had  been  boring  at  Bohio 
and  had  gotten  down  167  feet  at  Bohio,  in  a  gorge  there.  We  had 
followed  that  gorge  clear  up  to  Gamboa,  and  we  found  it  ran  out  at 
Gamboa  and  the  rock  came  up  to  sea  level.  My  natural  supposition 
w^as  that,  going  down  to  200  feet  here  [indicating  on  mapj  and  167 
feet  at  Bohio  and  finding  that  all  the  way  up  the  valley  the  rock 
pitched  and  would  be  found  at  some  very  great  depth  here  [indicat- 
ing on  map],  but  certainly  under  250  or  300  feet  at  this  point  [indi- 
cating on  *nap],  that  we  certainly  would  not  find  that  it  was  at  a 
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higher  elevation  lower  down  the  gorge  than  we  found  at  Bohio,  be- 
cause the  evidence  all  seems,  to  show  that  this  gorge  had  been  formed 
by  thQ  flow  of  water,  and  that  water  must,  of  course,  have  been  run- 
ning downhill  toward  the  sea. 

Senator  Simmons.  It  was  in  August,  1904,  that  yoii  completed  these 
borings  in  the  gulch  ? 

Mr.  WAiJiACE.  No,  sdr ;  it  was  August,  1904,  that  I  found  out  that 
one  of  these  gorges  existed ;  but  we  took  a  great  many  additional  bor- 
ings after  that 

Senator  Simmons.  When  was  it  that  you  completed  the  borings  as 
to  those  gorges  and  made  up  your  mind  tnat  that  site  would  not  do  ? 

Mr.  Wallace.  That  was  in  August,  1904. 

Senator  Simmons.  That  is  what  I  understood  you  to  say. 

Mr.  Wallace.  That  was  with  this  reservation,  that  if  we  did 
find .     ,. 

Senator  Simmons.  I  am  talking  about  this  site. 

Mr.  Wallace.  But  I  mean  to  say  this :  That  we  did  not  abandon 
that  entirely,  but  it  was  with  the  reservation,  of  course,  that  if  we  did 
find  a  barrier  of  this  indurated  clay  extending  clear  across  the  valley, 
and  then  found  that  that  was  down  to  the  bed  rock,  and  that  there 
was  no  water-bearing  strata  under  it,  we  might  go  back  to  that  and 
put  a  dam  there. 

Senator  Simmons.  But  you  did  find  upon  this  identical  situs  these 
gor^  and  you  did  bore  down  200  feet? 

Mr.  Wallace.  Yes,  sir. 

Senator  Simmons.  And  you  came  to  the  conclusion,  as  a  result  of 
those  borings,  that  this  precise  place  would  not  do? 

Mr.  Wallace.  That  is  correct. 

Senator  Simmons.  What  I  want  to  ask  you  is  this:  Is  there  any 
report  of  your  to  the  Commission  or  any  written  statement  of  yours 
to  the  Commission,  made  at  that  time,  of  the  conclusion  you  had 
reached  in  this  regard  ?  .  .  .         . 

Mr.  Wallace.  Yes,  sir;  that  is  contained  in  letters  addressed  to 
Admiral  Walker,  the  chairman  of  the  Commission,  and  it  was  also 
covered  by  verbal  reports  that  I  made  to  the  Commission  when  they 
were  on  the  Isthmus  in  that  month. 

Senator  Simmons.  You  wrote  letters  to  the  chairman  of  the  Com- 
mission ? 

Mr.  Wallace.  Yes,  sir. 

Senator  Simmons.  Giving  your  opinion  as  you  have  stated  it  to  be 
here? 

Mr.  Wallace.  Yes,  sir. 

Senator  Simmons.  In  August,  or  about  August,  1904  ? 

Mr.  Wallace.  Yes,  sir ;  1904. 

Senator  Simmons.  After  that  opinion  was  given  by  you  did  you 
make  any  more  borings  at  this  particular  place  or  in  the  line  of  the 
dam  at  that  particular  place? 

Mr.  Wallace.  In  the  general  vicinity.  That  matter  was  referred 
to  Mr.  Nichols,  and  we  let  him  use  his  judgment  as  fco  where  he 
should  make  his  borings  after  that  time.  In  other  words,  the  con- 
sideration of  the  whole  problem  of  physical  research  from  Mindi  clear 
up  to  Bohio  was  left  in  the  hands  of  Mr.  Nichols  to  investigate  as  he 
saw  fit. 
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Senator  Simmons.  As  a  matter  of  fact,  did  Mr.  Nichols  continue 
his  borings  along  the  line  of  this  Gatun  dam? 

Mr.  Wallace.  In  that  general  vicinity ;  yes. 

Senator  Simmons.  I  am  not  speaking  of  the  general  vicinity.  Did 
he  make  them  along  the  line  of  this  Gatun  daml 

Mr.  Wallace.  I  could  not  tell  you  from  memory.  At  that  time  I 
used  to  get  monthly  borings  that  he  made.  It  has  been  almost  a  year 
now  since  I  have  paid  any  attention  to  it,  and  the  data  is  not  in  my 
hands,  so  that  I  could  not  answer  your  question  definitely. 

Senator  Simmons.  Is  there  anything  in  the  reports  or  upon  the 
maps  that  indicate  whether  any  borings  were  afterwards  made  right 
along  the  site? 

Mr.  Wallace.  Yes,  sir.  Mr.  Nichols  made  weekly  and  monthly 
I'eports  of  everything  that  he  did,  and  the  data  as  to  exactly  what  he 
found  and  did  are  on  file  in  the  chief  engineer's  office,  at  Panama. 

Senator  Simmons.  The  data  will  show  the  exact  location  of  the 
borings? 

Mr.  Wallace.  Yes,  sir. 

Senator  Taliaferro.  You  do  not  identify  the  borings  that  were 
conducted  under  your  direction  ? 

Mr.  Wallace.  No,  sir;  if  I  had  my  reports  here  I  could.  I  have 
reports  of  these  borings.  This  map  is  made  to  a  different  scale  and 
the  borings  are  differently  numbered  from  what  they  were  on  my 
reports,  and  I  could  not  identify  the  exact  borings. 

Senator  Morgan.  Mr.  Chairman,  I  ask  that  the  chairman  call  for 
those  reports,  or  copies  of  them. 

Senator  Simmons.  Yes;  we  would  like  to  have  them. 

The  Chairman.  Do  I  understand  that  they  are  here  or  at  Panama, 
Mr.  Wallace? 

Mr.  Wallace.  Those  are  at  Panama.  It  may  be  possible  that  you 
will  find  them  in  a  consolidated  annual  report.  Just  before  I  left, 
the  Isthmus  I  commenced  to  shape  up  my  matters  for  an  annual 
report.  All  the  engineers  under  me  received  instructions  as  to  how 
to  prepare  their  matter  and  what  matter  I  wanted.  Mr.  Nichols  and 
these  other  engineers  that  had  charge  of  borings  had  everything 
tabulated  up  to  the  1st  of  July,  1905.  It  is  barely  possible  that  coi>ies 
of  that  matter  may  be  here  in  the  office  of  the  Commission.  I  think 
very  likely  they  may  be. 

The  Chairman.  There  may  be  copies  here  of  this  work  that  was 
done  at  Panama  ? 

Mr.  Wallace.  Yes,  sir ;  there  should  be. 

Senator  Taliaferro.  Could  you  not  look  over  the  annual  report  and 
ascertain  whether  this  information  was  embraced  in  it? 

Mr.  Wallace.  Why,  it  would  not  be  in  the  annual  report.  It 
would  be  in  the  reports  of  Mr.  Dauchey,  and  Mr.  Liist,  and  Mr. 
Maltby,  and  Mr.  Ely,  and  Mr.  Nichols,*^  and  these  other  assistant 
engineers.     It  would  be  in  their  reports  to  the  chief  engineer. 

Senator  Morgan.  Which  you  transmitted  to  the  Commission? 

Mr.  Wallace.  No,  sir ;  I  did  not  get  a  chance  to  do  that. 

Senator  Simmons.  I  would  like  to  have  inserted  in  the  record  the 
letters  that  Mr.  Wallace  referred  to  a  few  moments  ago,  which  he 
says  he  wrote  to  the  chairman  of  the  Commission,  giving  it  as  his 
conclusion,  as  a  result  of  his  borings  through  these  gorges  there,  that 
this  place  at  Gatun,  which  has  been  selected  by  the  minority  as  a 
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proper  place  for  the  construction  of  a  dam,  was  not  an  available 
place. 

Senator  Kittredoe.  I  think  that  is  a  proper  request. 

Senator  Morgan.  I  thought  those  letters  nad  been  called  for  on  my 
suggestion. 

Senator  Simmons.  You  spoke  of  reports. 

Senator  Morgan.  I  call  tnem  reports. 

The  Chairman.  These  letters  will  be  here,  Mr.  Wallace  ? 

Mr.  Wallace,  They  should  be  here. 

The  Chairman.  The  request  for  the  letters  will  be  made,  Senator. 

Senator  Taliaferro.  That  was  in  the  form-  of  a  report,  was  it? 

Mr.  Wallace.  No,  sir;  it  was  in  the  form  of  my  regular  letters 
right  along. 

The  Chairman.  Those  letters  would  be  along  in  the  year  1904  ? 

Mr.  Wallace.  Yes,  sir;  addressed  to  the  chairman  of  the  Commis- 
sion. 

Senator  Simmons.  In  August  or  September  of  that  year. 

Mr.  Wallace.  My  recollection  is  that  you  will  find  that  matter 
also  treated  in  a  report  that  I  made  to  the  Commission  under  date  of 
February  1,  1905.  Along  about  in  the  winter  the  Commission  sent 
down  an  engineering  committee  consisting  of  Professor  Burr,  Mr. 
Parsons,  and  General  Davis,  and  they  call^  upon  me  for  a  report  on 
the  Isthmus,  so  that  I  made  them  a  short,  condensed  report,  and  I 
think  it  was  on  February  1,  1905 ;  and  in  that  report  I  described  the 
work  that  had  been  done  up  to  date,  and  gave  the  conclusions  that  I 
had  arrived  at  up  to  that  date.  That  is  very  short,  and  it  wound 
things  up  to  that  period. 

Senator  Morgan.  Probably  that  would  cover  the  whole  matter. 

Mr.  Wallace.  That  might  cover  what  you  want 

Senator  Simmons.  We  would  like  to  have  that,  and  the  other,  too. 

The  Chairman.  I  assume  that  all  borings,  or  copies  of  them,  are 
in  the  office  here? 

Mr.  Wallace.  They  should  be ;  yes. 

On  the  Isthmus  the  borings,  cores  of  all  the  material,  were  very 
carefully  preserved,  showing  the  number  of  the  hole  and  the  character 
of  material  at  each  foot  below  the  surface  all  the  way  down,  so 
that  jou  could  examine  the  actual  material.  That  is  the  way  we  got 
our  information  about  these  things.  I  used  to  visit  these  assistant 
engineers  and  go  through  these  samples.  I  would  say,  for  instance, 
"  What  did  you  find  down  here  in  hole  No.  1  at  50  feet,  or  at  125  feet 
below  the  surface?  "  And  I  would  follow  that  stuff  down  and  see  it, 
and  take  it  in  my  hands,  and  consequently  I  knew. 

Senator  Simmons.  Did  you  find  any  water  currents  down  in  that 
gulch  ? 

Mr.  Wallace.  Yes,  sir. 

Senator  Simmons.  How  deep  were  those? 

Mr.  Wallace.  The  deeper  dcwn  we  went  the  more  freely  the  water 
seemed  to  flow,  althourfi  there  were  occasional  thin  layers  of  clay. 

Senator  Simmons.  What  was  the  depth  of  the  first  current  you 
found? 

Mr.  Wallace.  I  do  not  remember. 

Senator  Taliaferro.  It  is  on  that  blueprint  there. 

Mr.  Wallace.  I  do  not  like  to  speak  from  this  blueprint,  because 
I  do  not  know  whether  this  was  made  from  my  borings  or  from  subse- 
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quent  ones.  The  general  conclusion  is  all  that  concerns  you,  I  sup- 
pose, and  the  effect  that  it  had  on  my  views  was  that  it  was  not  such  a 
location  for  the  dam 

Senator  Simmons.  But  every  fact  about  this  concerns  us,  in  mak- 
ing up  our  opinion.  We  are  ^lad  to  have  your  suggestions,  but  we 
have  to  form  an  opinion  about  it  ourselves,  and  every  fact  about  it  is 
material. 

Mr.  Wallace.  Then  I  would  go  down  there,  if  I  were  you,  and  look 
at  the  samples  of  those  borings. 

Senator  MOBGAN.  Did  you  have  a  paper  similar  to  that  blueprint, 
or  some  other  drawing  showing  the  borings  made  by  you  and  reported 
by  you  to  the  Commission? 

Mr.  Wallace.  Yes,  sir;  it  came  in  on  the  monthly  reports.  They 
were  sections.  For  instance,  if  they  took  these  particular  borings  in 
a  month  [indicating  on  profile],  or  those  there  [indicatingl,  tliej 
would  send  sections  like  that;  but  not  a  completea  section  uke  this 
blueprint 

Senator  Moboan.  Your  borings  are  in  charge  of  the  Commission? 

Mr.  Wallace.  Yes,  sir. 

Senator  Moboan.  And  that  map,  or  those  maps? 

Mr.  Wallace.  Yes^  sir. 

Senator  Moboan.  We  want  those,  Mr.  Chairman. 

Senator  Kittbedoe.  Is  it  possible,  Mr.  Wallace,  to  secure  a  rock 
foundation  in  the  gorges  you  have  described? 

Mr.  Wallace.  I  do  not  think  so. 

Senator  Ejttbedge.  The  depth  is  too  great? 

Mr.  Wallace.  Yes,  sir;  the  depth  is  too  great. 

Senator  EaTTBEDOE.  Is  it  possible  to  put  in  a  curtain  wall  of  the 
character  you  have  mentioned,  in  such  manner  as  that  you  can  cer- 
tainly sav  that  all  the  water  will  be  cut  off? 

Mr.  Wallace.  Well,  that  word  "  possible  "  makes  it  a  hard  ques- 
tion to  answer,  Senator. 

Senator  KrrrBEDOE.  Is  it  probable? 

Mr.  Wallace.  It  is  possible,  but  I  would  not  consider  it  reasonably 

i)racticable.  To  put  it  in  a  little  different  way,  if  it  was  the  only 
ocation  that  there  was  anywhere  for  a  dam,  and  we  could  not  build 
the  Panama  Canal  unless  we  put  the  dam  at  that  particular  point, 
I  should  first  try,  if  I  had  anything  to  do  with  the  work,  or  in  the 
way  of  advising  any  engineer  that  had  anything  to  do  with  it,  to 
attempt  to  shut  these  gorges  off  in  some  way.  It  would  be  a  very 
expensive,  tedious  proposition,  but  it  might  oe  possible  to  do  it.  1 
would  not  like  to  say  tnat  it  would  be  impossible.  I  would  say,  most 
positively,  that  I  would  not  attempt  it  for  a  moment  if  there  was.  any 
other  locality  where  I  could  build  a  dam  where  I  would  not  have 
these  difficulties,  and  which  would  still  enable  me  to  build  the  Pan- 
ama Canal. 

Senator  Morgan.  You  would  not  recommend  it  to  a  client  as  a  safe 
operation  for  investment? 

Mr.  Wallace.  I  certainly  would  not. 

Senator  Kittredoe.  Is  it  beyond  tried  experience? 

Mr.  Wallace.  It  is  beyond  anything  that  has  been  done  in  an 
engineering  way. 

Senator  MORGAN.  I  want  to  get  a  better  idea  than  I  have  of  the 
topography  of  this  country  between  Bohio  and  the  site  of  the  Gatun 
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dam,  as  put  down  on  the  report  of  the  minority.    What  is  about  the 
distance  oetween  the  borings  at  Gatun  that  you  made  down  to  157  feet 
and — ^how  many  feet  was  it? 
Mr.  Wallace.  To  a  maximum  depth  of  200  feet  while  I  was  there. 
Senator  Mohoan.  At  Bohio? 

Mr.  Wallace.  Oh;  at  Bohio?    One  hundred  and  sixty-seven  feet 
Senator  Morgan.  State  the  distance  from  that  line  to  Gatim,  just 
in  miles,  if  you  please. 
Mr.  Wallace.  It  is  practically  about  10  miles. 
Senator  Morgan.  At  Bohio  you  bored  across  and  developed  a  deep 
gulch? 
Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  And  you  got  to  real  rock,  solid  rock? 
Mr.  Wallace.  Yes,  sir. 
Senator  Morgan.  Not  this  indurated  clay  ? 
Mr.  Wallace.  No,  sir. 

Senator  Morgan.  And  there  you  found  bowlders  washed  in? 
Mr.  Wallace.  Yes,  sir. 
Senator  Morgan.  And  lodged  in  this  gulch? 
Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  In  your  borings  between  that  and  Gatun,  did  you 
developthe  continuity  or  a  prolongation  bf  this  gulch  ? 

Mr.  Wallace.  Not  from  Bohio  down  to  Gatun;  but  we  took  bor- 
ings from  Gatun  up  the  river  some  distance. 
Senator  Morgan.  I  know  that ;  but  down  below  ? 
Mr.  Wallace.  We  did  not  go  below  Bohio,  because  there  was  no 
site  between  Bohio  and  Gatun  where  we  considered  the  conditions — 
that  is,  the  topography  of  the  country  above  the  surface — as  suitable 
for  a  dam. 

Senator  Morgan.  This  blueprint  that  you  have  been  speaking  from 
this  morning  indicates  that  there  are  two  deep  gulches  there;  one, 
the  narrower  one,  is  how  many  feet  deep  ? 
Mr.  Wallace.  It  is  250  feet  deep. 
Senator  Morgan.  And  the  wider  one  is  how  deep? 
Mr.  Wallace.  About  200  feet. 

Senator  Taliaferro.  That  deep  gulch  is  258  feet  deep,  is  it  not? 
Mr.  Wallace.  I  was  just  spedcmg  approximately  from  what  this 
map  said.     I  was  not  pretending  to  give  exact  figures.    It  is  shown 
here  on  this  map  as  being  260  feet. 
Senator  Morgan.  Yes. 

Mr.  Wallace.  Yes.  I  had  always  understood  that  it  was  called 
250  feet  in  depth.  There  is  one  boring  that  goes  down  10  feet  below, 
here  [indicating  on  map]. 

Senator  Taliaferro.  The  borings  there,  I  understood,  have  gone 
down  258  feet. 
Mr.  Wallace.  I  see  one  figure  on  here  marked  260. 
Senator  Morgan.  I  want  to  get  you  to  state,  if  you  please,  whether 
the  Chagres  River  in  its  present  location  runs  over  or  abbVe  either  of 
these  borings.  ' 

Mr.  Wallace.  Yes,  sir;  that  is,  in  a  way.  There  is  a  diversion 
channel  over  this  deepest  boring  which  was  mftde  by  the  French. 
The  Chagres  River  is  not  6\^t  the  deepest  boring,  but  hbth  the  diver- 
sion arid  the  riv^r  itself  ai*e  inside  bf  the  limits  of  these  gorges,  only 
above  them.  ' 
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Senator  Morgan.  Does  the  Chagres  Biver  separate  into  two  chan- 
nels there,  so  as  to  make  an  island  between ! 

Mr.  Wallace.  In  connection  with  this  diversion  channel  it  does. 
The  French  made  a  diversion  there  that  I  presume  followed  the  lines 
of  what  formerly  had  been  a  river.  I  think  there  is  no  doubt  but 
what  at  some  ancient  period  there  were  two  channels,  one  in  eac^ 
of  these  beds. 

Senator  Morgan.  And  there  was  an  island  that  appeared  on  the 
topographic  surface? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  And  through  one  of  those  channels  the  French 
dug  a  diversion  channel  f 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  Have  you  any  information  as  to  the  purpose  for 
which  they  dug  that  channel? 

Mr.  Wallace.  Well,  that  was  to  keep  the  side  water  that  came  in 
from  flowing  into  the  canal.  The  general  theory  of  diversion  chan> 
nels  was  this:  That  on  each  side  of  the  canal  itself  channels  would 
be  cut  from  one  depression  to  another,  or  one  part  of  the  river  bed 
to  another,  so  that  it  would  intercept  the  streams  that  came  down  on 
the  hills  on  each  side,  carrying  that  water  out  to  sea,  to  keep  it  from 
running  into  the  canal  proper. 

Senator  Morgan.  And  the  diversion  that  you  speak  of  was  a  part 
of  that  scheme  for  keeping  the  water  out  of  the  canal? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.*  In  the  borings,  as  indicated  on  this  blueprint, 
the  augers  were  put  down  through  that  diversion  and  also  through 
the  mam  channel  of  the  river? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  And  this  insular  mass  was  between  the  two? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  And  that  insular  mass  was  composed  of  indu- 
rated clay  ? 

Mr.  Wallace.  Yes,  sir.  ' 

Senator  Morgan.  And  the  gulches  between  had  washed  out  and 
been  filled  up  with  debris  from  some  more  elevated  place? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  The  insulated  mass — I  mean  the  general  body  of 
the  material  lying  from  40  to  50  feet  beneath  the  surface — ^was  this 
indurated  clay? 

Mr.  Wallace.  Yes.  I  mean  this  indurated  clay  was  on  the  sides, 
but  there  was  no  continuity  across  these  gorges  of  indurated  clay. 

Senator  Morgan.  I  understand.  I  suppose — of  course  it  is  a  sup- 
position with  you  and  everybody  else — ^tnat  that  indurated  clay  had 
been  deposited  there  in  some  far  distant  period  of  the  past  ana  that 
those  gorges  had  washed  out? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  And  had  left  an  island  between  the  two,  which 
is  demarked  on  the  surface  to-day  by  these  two  branches  of  the 
Chagres  River  which  run  around  it? 

Mr.  Wallace.  That  is  the  natural  supposition. 

Senfitor  Morgan.  Did  they  ever,  in  the  borings  that  they  made  as 
shown  on  this  blueprint,  reach  solid  rock  beneath  this  indurated 
day? 
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Mr.  Wall.\ce.  Xo,  sir. 

Senator  Morgan.  At  the  deepest  of  those  borings,  or  at  some  of 
them,  did  they  reach  through  the  indurated  clay  and  into  a  softer 
mass  of  material? 

Mr.  Wallace.  No.  The  borings  only  went  down  into  the  in- 
durated clay  far  enough  to  be  sure  they  were  in  that  material.  In 
some  of  those  places  there  were  other  kinds  of  clay  on  top  of  the 
indurated  clay,  and  in  order  to  determine  that  the  clay  was  indurated 
day  the  borings  went  some  distance  into  it  in  some  places ;  but  there 
was  no  attempt  ever  made  to  go  through  it. 

Senator  Morgan.  There  is  nothing  below  the  indurated  clay  of 
softer  material  ? 

Mr.  Wallace.  The  borings  did  not  go  far  enough  to  show  what 
there  was  below  the  indurated  clay. 

Senator  Morgan.  Not  even  in  that  deepest  part? 

Mr.  Wallace.  No,  sir. 

Senator  Morgan.  At  the  lowest  depth  of  that  deepest  fissure 
there  into  which  borings  were  made  you  still  found  the  indurated 
clay? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  This  blueprint  shows  that  tubes  were  driven 
down,  like  the  tubes  of  an  artesian  well,  for  the  purpose  of  deter- 
mining whether  water  would  flow  through  them  as  the  borings  de- 
scended; and  it  was  found  that  at  this  heavy  line  which  is  here, 
which  I  believe  indicates  sea  level  or  just  below  that,  and  at  the 
same  elevation  almost  in  each  of  these  borings  the  water  poured  out 
of  the  tubes.  Would  that  indicate  tiiat  that  water  was  at  a  level  be- 
tween those  points  where  it  poured  out  of  the  tubes,  and  that  that 
level  was  maintained  either  through  this  indurated  clay  in  this  in- 
sular place  or  went  around  it? 

Mr.  Wallace.  It  would  indicate  that  that  water  was  connected 
with  other  water  at  a  higher  elevation,  and  that  it  was  freely  flowing 
through  the  material  that  the  water  came  through. 

Senator  Morgan.  That  was  taken,  I  suppose,  as  satisfactory  evi- 
dence that  in  some  way  the  mass  of  water  tnat  was  flowing  out  of  the 
tubes  in  each  of  these  gorges  was  a  continuous  body  ? 

Mr.  Wallace.  Yes,  sir;  and  a  continuous  stream,  and  that  the 
material  in  the  part  of  the  gorge  to  which  that  tube  ran  was  what  we 
call  freely  water-bearing. 

Senator  Morgan.  Have  you  any  idea,  or  have  you  any  reason  to 
suppose  or  to  believe  that  the  water  which  rose  at  equal  heights  in 
these  tubes  in  these  respective  deep  gorges  ran  through  the  lx)dy  of 
indurated  day  or  ran  around  it? 

Mr.  Wallace.  From  the  data  that  has  been  presented  I  would 
judge  that  the  water  followed  these  gorges,  and,  if  the  clay  was  in- 
durated, that  the  water  was  confined  to  the  gorges. 

Senator  Morgan.  That  it  was  confined  to  the  gorges  and  ran 
around  this  insular  place  that  had  been  washed  out  on  both  sides? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  In  building  the  dam  upon  the  top  of  that  mate- 
rial, say,  30  or  40  feet  below  the  surface  of  the  earth,  to  span  each  of 
these  gorges,  that  dam  would  rest  upon  material  more  or  less  per- 
meable and  more  or  less  soft,  including  wood  or  other  stuff.  In  order 
to  toake  that  dam  secure,  would  it  be  necessary  to  shut  out  or  dose 
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out  permanently  this  conduit  that  supplied  water  from  a  common 
source  and  that  ran  either  through  or  around  this  insular  position  ? 

Mr.  Wallace.  Yes;  it  would  be  necessary  to  cut  it  oflf. 

Senator  Morgan.  By  what  means  could  that  be  cut  off?  By  what 
known  engineering  means  could  it  be  cut  off  ? 

Mr.  Wallace.  That  same  question  practically  was  asked  me  a  while 
ago,  Senator,  only  not  in  that  particular  form,  and  I  said  then  that 
it  might  be  possible  to  cut  it  off,  but  I  would  not  undertake  to  do  it 
if  I  was  an  engineer  of  that  work  if  I  could  find  any  place  else  to 
build  my  dam. 

Senator  Morgan.  Is  there  any  certain  known  engineering  formula 
or  proceeding  or  process  by  which  that  water  could  be  cut  off  other 
than  by  taking  out  the  material  down  to  and  below  it  and  starting  the 
foundations  of  your  dam  below  the  point  where  this  water  flowcS  ? 

Mr.  Wallace.  The  way  you  have  suggested  would  be  the  most 
thorough  way  to  do  it;  but  I  have  never  known  it  to  be  done  at  such 
groat  depths  as  that. 

Senator  Morgan.  Very  good. 

Mr.  Wallace.  About  100  to  110  feet  below  the  surface  of  the  water 
is  about  the  maximum  depth  to  which  you  can  go  down  and  clean  off 
material  and  build  up  and  about  it.  Of  course  there  are  processes 
by  which  you  could  drive  sheet  piling  at  some  greater  distance,  or 
inject  cement,  or  use  the  freezing  process,  and  all  that  sort  of  busi- 
ness; but  the  depths  of  that,  the  success  and  utility  of  it,  would  be, 
to  say  the  least,  doubtful. 

Senator  Morgan.  If  I  understand  the  project  of  the  minority  of 
the  consulting  board  of  engineers,  thev  propose  first  of  all,  in  con- 
structing this  dam,  to  go  down  and  take  off  the  softer  material  that 
lies  on  the  surface  of  the  earth  until  they  get  down  to  about  the  gen- 
eral level  of  the  indurated  clayj  then  they  propose  the  construction 
of  an  earth  dam  upon  that  basis  to  span  both  of  these  gorges.  Is 
that  a  correct  assumption? 

Mr.  Wallace.  That  is  the  way  I  understand  it. 

Senator  Morgan.  A  dam  constructed  in  that  way,  and  leaving  the 
material  as  it  is  in  these  two  deep  gorges,  would  rest  upon  a  body  of 
earth  or  body  of  material  through  which  and  below  which  there  is 
now  an  actual  flow  of  water.  I  want  to  know  if  a  dam  constructed  in 
that  way  and  at  the  levels  that  I  have  been  describing  can  be  made  to 
stop  that  flow  of  water;  can  it  be  done  otherwise  than  merely  through 
the  pressure  of  the  weight  of  the  superstructure  of  the  dam  upon  the 
underlying  material? 

Mr.  Wallace.  In  my  opinion  the  weight  of  the  superstructure  of 
the  dam  would  not  shut  it  off. 

Senator  Morgan.  It  would  not? 

Mr.  Wallace.  No,  sir. 

Senator  Morgan.  Is  there  any  other  way  to  do  it,  except  through 
the  weight  of  the  superstructure  ? 

Mr.  Wallace.  In  that  form  of  construction,  no;  and,  as  outlined 
in  their  plan,  no. 

Senator  Morgan.  That  is  the  plan  that  is  recommended  for  the 
dam? 

Mr.  Wallace.  As  I  understand  it;  yes,  sir. 

Senator  Morgan.  If  the  superstructure  of  the  dam,  the  earth  part 
that  is  filled  in  and  superimposed  upon  this  foundation  there  that  I 
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have  been  trying  to  describe,  by  its  weight  and  pressure  closes  up 
ultimately  this  water  flow,  would  that  noJ  be  done  at  the  expense  of 
irregular  settling  in  the  dam  ? 

]^&.  Wallace.  Yes ;  but  it  would  not  close  up  the  water  flow. 

Senator  Morgan.  I  know  you  think  it  would  not.  I  am  assuming 
the  possibility  that  it  should  do  it. 

Mr.  Wallace.  It  is  rather  a  hard  presumption. 

Senator  Morgan.  Would  it  not  be  done  at  the  expense  of,  I  will 
say,  the  integrity  of  the  dam  above,  so  that  it  would  sink? 

Mr.  Wallace.  Yes;  but,  Senator,  in  my  view,  you  will  have  two 
things  that  will  happen  there. 

Senator  Morgan.  What  are  they  ? 

Mr.  Wallace.  The  first  thing  is  negative,  and  that  is,  that  in  my 
experience  I  have  never  yet  seen  weight  that  is  superimposed  on 
water-bearing  stratification  of  gravel  that  was  fully  saturated  ever 
have  any  tendency  to  shut  off  the  water,  because  y#u  can  not  com- 
press it.  There  are  voids  there,  and  the  gravel  and  the  sand  and  the 
stone  make  arches. 

Senator  Morgan.  The  water  itself  is  incompressible  ? 

Mr.  Wallace.  And  the  water  itself  is  incompressible,  of  course. 
Near  the  surface  where  you  have  any  vegetable  deposits  you  will 
have  settlement,  and  you  will  have  compression.  But  those  are  not 
the  strata  through  which  the  water  flows,  but  those  are  the  ones  that 
wiU  compress,  and  the  result  will  be  a  tendency  for  that  dam  to 
crack  on  lines  perpendicular  with  the  edges  of  these  gorges. 

Senator  Morgan.  To  have  fissures  ? 

Mr.  Wallace.  Yes,  sir ;  and  those  fissures  will  have  a  tendency  to 
let  the  water  through  them,  and  will  have  a  tendency  toward  weaken- 
ing the  structure. 

Senator  Morgan.  If  a  fissure  should  form  in  this  dam,  perpendicu- 
lar, I  will  say,  to  either  of  these  gorges,  or  between  their  borders,  be- 
tween their  walls,  would  not  such  a  fissure  as  that  endanger  the 
sweeping  out  of  the  entire  structure  from  end  to  end  when  the  water 
was  at  a  height  of  80  or  85  feet  ? 

Mr.  Wallace.  It  would  have  a  tendency  to  make  a  break  in  the 
dam  where  these  fissures  occur. 

Senator  Morgan.  When  a  fissure  occurs  under  a  head  of  80  or  85 
feet  of  water 

Mr.  Wallace.  It  is  generally  disastrous. 

Senator  Morgan.  Disastrous? 

Mr.  Wallace.  Yes. 

Senator  Morgan.  Can  it  be  otherwise? 

Mr.  Wallace.  Of  course  I  would  not  like  to  say  that  that  thing 
would  actually  occur  at  that  point. 

Senator  Morgan.  No  ;  we  do  not  any  of  us  attempt  to  say  what  will 
occur  in  the  future. 

Mr.  Wallace  .^  But  I  would  not  take  the  chances  on  it. 

Senator  Morgan.  That,  then,  is  one  of  your  material  objections  to 
the  construction  of  this  dam,  if  I  understand  you? 

Mr.  Wallace.  Yes. 

Senator  Taliaferro.  You  favor  the  sea-level  canal,  I  S'm^  by  your 
article? 

Mr.  Wallace.  Yes,  sir. 
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Senator  Taliaferro.  Do  you  favor  the  plan  as  laid  down  by  the 
Board  of  Consulting  Enginec;^? 

Mr.  Wallace.  Well,  in  general — that  is,  as  far  as  the  main  canal 
is  concerned,  its  alignment,  and  its  general  size,  etc.  The  only  two 
points  in  their  report  that  I  would  l)e  disposed  to  question — ^not  to 
criticise,  but  to  question  until  I  could  give  it  more  deliberate  consid- 
eration than  I  have  been  able  to  with  the  other  duties  that  I  have  had 
to  perform— has  been  whether  or  not  it  would  be  advisable  to  go 
through  between  Ancon  and  Sosa  on  the  Panama  side  and  construct 
that  new  channel  or  simply  to  enlarge  the  present  canal  channel  i^p 
La  Boca  way. 

Also,  I  am  not  thoroughlv  satisfied  from  the  examination  I  have 
made  of  it  as  to  whether  these  longitudinal  breakwaters  are  better 
than  it  would  be  to  put  this  breakwater  across  here,  according  to  the 
old  plan.  I  have  my  doubts  about  that.  But  that  is  a  detail,  com- 
pared to  some  of  yiese  other  questions,  of  course. 

Senator  Kittr&qe.  Is  the  change  of  the  channel  at  the  La  Boca 
end  a  matter  of  detail  as  compared  with  the  other  matters? 

Mr.  Wallace.  Yes,  sir;  the  present  channel  is  around  this  way 
[indicating  on  map].  Of  course  this  makes  a  straighter  shoot  out  to 
sea,  and  so  is  a  little  better,  that  is  true;  but  there  is  a  great  deal  of 
rock  through  here  [indicating]  ^  and  evidently  one  idea  of  their  com- 
ing down  here  was  to  get  the  tidal  lock  in  here  [indicating],  instead 
of  up  here  at  Miraflores  where  it  was  originally  planned. 

The  Chairman.  What  do  you  think  of  the  width  of  the  sea-level 
canal  for  business  for  the  future? 

Mr.  Wallace.  It  is  so  much  larger  than  anything  that  exists, 
than  the  Suez  or  any  other  maritime  canal  of  the  world  to-day,  that 
it  seems  to  me  that  it  would  be  ample  for  the  start.  Up  to  San  Pablo, 
and  possibly  to  Obispo,  it  would  cost  comparatively  little  to  give  you 
an  extra  100  feet  in  width,  if  you  ever  wanted  it,  in  these  earth  sec- 
tions. 

Senator  Taliaterro.  How  about  the  Pacific  side  as  to  extra  width? 

Mr.  Wallace.  Up  to  San  Pablo  I  would  say,  in  round  numbers, 
that  you  could  get  an  additional  100  feet  in  width  for  not  to  exceed 
$10,000,000,  if  you  wanted  it.    That  is  on  the  sea-level  proposition. 

The  Chairman.  From  that  to  the  Caribbean  Sea  ? 

Mr.  Wallace.  Yes,  sir.  And  it  would  be  possible  to  widen  the 
section  with  moderate  expense  from  there  up  to  Obispo.  But  this 
section,  of  course,  from  Obispo  through  to  Pedro  Miguel,  would  be 
common  to  all  your  various  plans,  no  matter  what  their  height,  on 
account  of  the  heights  of  the  ridges.  From  Miraflores  down  to  the 
sea,  two  or  three  million  dollars  ought  to  give  you  your  additional 
100  feet.  There  are  some  lumps  of  basalt  that  come  up  in  here  [indi- 
cating on  map]  where  you  might  have  to  make  some  rock  excavation 
under  water,  but  I  do  not  think  they  are  material.  So  that  you  would 
have  very  little  difficulty  in  getting  any  width  that  you  wanted  up  to 
Miraflores. 

Senator  Taliaferro.  From  Panama  Bay  to  Miraflores,  what  do 
you  estimate  that  it  would  cost  for  a  width  of  500  feet  ? 

Mr.  Wallace.  I  could  not  tell  you  unless  I  went  into  the  figures 
and  examined  them  carefully.  It  would  not  be  prohibitive  at  all. 
It  would  be  very  moderate. 
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Senator  Taliaferro.  With  a  500-foot  canal  from  the  Pacific  to 
Miraflores,  would  it  be  necessary  to  use  the  tidal  lock? 

Mr.  Wallace.  No,  sir. 

Senator  Morgan.  You  say  it  would  not? 

Mr.  Wallace.  No,  sir.  The  channel  now  is  very  narrow  up  here 
to  La  Boca.  This  channel  you  see  here  [indicating  on  map],  al- 
though it  is  out  in  the  bay,  is  practically  in  the  canal,  and  there  is  no 
trouble  at  all  in  navigating  tnis  at  all  stages  of  the  tide  up  to  here 
[indicating]. 

Senator  Morgan.  I  want  to  ask  about  that  for  just  a  moment.  If 
I  understand  you  correctly,  now,  a  sea-level  canal  500  feet  wide  and 
40  feet  deep  of  prism  would  dispense  entirely  with  the  necessity  for 
a  sea-gate,  if  that  was  extended,  you  say,  to  Miraflores? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  There  would  be  no  occasion  for  a  sea -gate  at  all? 

Mr.  Wallace.  No,  sir;  there  would  be  no  occasion  for  a  sea-gate 
between  that  point  and  Miraflores.  Of  course,  if  you  have  a  narrow 
channel  through  Culebra,  the  probabilities  are  that  you  would  have 
to  have  a  sea-gate  in  there  at  some  place;  but  no  engineer.  Senator, 
has  ever  yet  b^n  able  to  make  any  calculation  to  determine  what  the 
velocity  of  the  currents  would  be  due  to  an  open  canal  without  any 
tidal  locks.  They  can  not  answer  that  question.  I  can  not,  I  will 
admit  it. 

Senator  Morgan.  That  depends .  upon  fluctuations  of  the  winds 
and  all  that  on  the  ocean  ? 

Mr.  Wallace.  The  uncertain  element  is  this:  It  depends  on  the 
relative  size  of  the  different  sections  of  the  canal  in  regard  to  each 
other.  As  a  rule,  what  creates  a  high  tide  is  a  funnel-shaped  entrance 
of  a  bay.  That  is,  the  ordinary  tides  come  into  it,  ana  then  being 
confined,  pressing  up,  and  rising,  and  making  a  curve  of  that  nature 
[illustrating],  ox  course,  over  a  very  long  distance.  That  is  what 
makes  the  extraordinary  tides  in  the  Bay  of  Fundy.  And  it  is  the 
general  shape  of  Panama  Bay  that  creates  the  high  tides  there  at 
Manama.  The  effect  of  tide  on  the  canal  would  depend  a  good  deal 
on  the  sequence  of  the  shapes  of  your  channel.  And  if  you  had  a 
long  channel  of  absolutely  uniform  width  the  effect  of  that  tide 
would  be  very  soon  dissipated  on  account  of  the  friction  of  the  water' 
on  the  sides  of  the  canal. 

Senator  Taliaferro.  So  that  if  you  had  a  sea-level  canal  of  400 
or  500  feet  width  from  ocean  to  ocean  there  would  be  no  necessity 

Mr.  Wallace.  There  would  be  no  necessity  for  any  tidal  locks  at 
all. 

Senator  Morgan.  It  would  take  an  ocean  of  money  to  build  it, 
though. 

Mr.  Wallace.  If  you  had  a  canal  of  any  width  so  that  two  ships 
could  freely  pass  each  other — I  mean  under  a  speed  of  4  or  5  miles 
an  hour — ^you  would  not  have  anv  necessity  for  any  tidal  locks. 

The  Chairman.  Do  you  think  large  ships,  the  largest  ships  that 
are  being  built  now  and  that  are  already  built,  could  pass  at  a  speed 
of  4  or  5  miles  an  hour  in  a  waterway  150  feet  wide? 

Mr.  Wallace.  Not  both  of  them.  The  ordinary  practice  would  be 
to  tie  one  of  them  ui 


One  of 


The  Chairman.  One  of  them  would  be  tied  up  ? 


596  INVESTIGATION    OF   PANAMA   CANAL   MATTERS. 

Mr.  Wallace.  That  would  be  the  ordinary  practice,  to  tie  one  up 
to  a  bank  and  let  the  other  pass  it. 

The  Chairman.  With  the  changes  which  you  suggested  in  the  plan 
a  few  minutes  ago,  having  the  canal  widened  from  this  end  down  to 
the  sea,  and  from  the  other  end  also,  what  would  be  the  length  of  the 
narrower  part? 

Mr.  Wallace.  That  would  be  8  or  10  miles. 

The  Chairman.  About  10  miles^? 

Mr.  Wallace.  Yes,  sir. 

The  Chairman.  It  would  be  150  feet  wide  there  ? 

Mr.  Wallace.  No,  sir;  that  would  be  built  200  feet  wide.  They 
propose  to  make  that  200  feet  wide  at  the  summit  level,  as  I  under- 
stand it. 

The  Chairman.  I  thought  it  was  150  feet. 

Mr.  Wallace.  I  may  be  mistaken. 

Senator  Morgan.  It  is  200  feet. 

Mr.  Wallace.  "^^Tiere  they  propose  to  make  their  canal  150  feet 
wide,  I  understand,  is  where  they^  are  in  the  mud,  and  where  they 
have  to  have  a  flat  slope,  say,  a  slope  of  two  to  one,  which  means  this : 
That  a  bank  of  the  canal,  if  it  is  40  feet  deep,  would  be  80  feet  out 
from  the  perpendicular  on  one  side  and  80  feet  on  the  other,  so  that 
your  canal  between  bank  and  bank  would  be  310  feet  wide  at  the 
surface  of  the  water.  So  that  only  vessels  of  the  deepest  draft  would 
have  to  confine  themselves  to  the  center  150  feet  of  width. 

Senator  Morgan.  There  are  no  vessels  that  draw  40  feet  of  water? 

Mr.  Wallace.  I  do  not  think  there  are  any  that  draw  that  now. 
I  think  30  feet  to  33  feet  are  about  the  heaviest  drafts. 

The  Chairman.  It  is  reported  that  they  are  building  a  couple  of 
vessels  that  will  draw  38  feet,  I  believe. 

Mr.  Wallace.  It  would  be  a  rare  thing  that  you  would  ever  have 
two  of  these  great  ships  that  would  happen  to  pass  in  this  narrow 
place — perhaps  once  in  a  year.  If  you  have  a  large  vessel  and  a  small 
one  passing  each  other  you  have  ample  width,  because  the  small  vessel 
could  pass  the  large  one  entirely  outside  of  this  150-foot  channel  and 
still  have  plenty  ot  water — your  vessel  of  25-foot  draft,  say. 

Senator  Taliaferro.  Will  you  step  over  there  to  the  map  and  illus- 
trate from  what  point  on  the  Pacific  side  you  would  suggest  a  greater 
width  to  the  canal — up  to  what  point  from  the  bay  and  up  to  what 
point  on  the  Pacific  side? 

Mr.  Wallace.  As  I  have  just  been  explaining,  the  majority  of  the 
Commission  practically  give  that  gi-eater  width  now  by  the  flatness  of 
their  slopes ;  but  from  the  entrance  of  the  canal  on  the  Panama  side 
to  Miraflores  you  could  get  almost  any  ordinary  width  that  you 
wanted — four  or  five  hundred  feet — at  moderate  expense. 

Senator  Taliaferro.  Would  you  say  $10,000,000  would  do  it? 

Mr.  Wallace.  I  should  say  $10,000,000  would  do  it  on  the  Pacific 
side. 

Senator  Taliaferro.  Now,  go  to  the  Atlantic  side. 

Mr.  Wallace.  On  the  Atlantic  side  it  would  take  about  $10,000,000 
for  each  additional  100  feet  in  width  up  to,  say,  about  San  Pablo. 
That  is  just  simply  my  general  judgment  on  what  I  know  of  the  gen- 
eral locality  and  the  averatre  depths,  etc. 

Senator  Taliaferro.  You  spoke  in  your  pamphlet  here  of  the  canal 
costing  $300,000,000.     Taking  the  canal  recommended  by  the  Board 
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of  Consulting  Engineers,  would  3^ou  say  that  that  could  be  widened  to 
500  feet  from  either  ocean  up  to  these  points  that  you  have  designated 
at  a  total  cost  not  to  exceed  $300,000,000^ 

Mr.  Wallace.  I  would  say  that  it  could,  eliminating  the  $60,000,000 
which  was  paid  for  the  canal  itself  and  for  the  concession  down  there. 

Senator  Taliaferro.  That  is  all  eliminated  in  the  report  of  the  Board, 
is  it  not? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  Your  estimate  was  $300,000,000  for  the  entire 
canal? 

Mr.  Wallace.  Just  before  you  came  in  I  undertook  to  make  a  sug- 
gestion showing  that  I  thought  we  could  aflford  to  spend  that  much 
money  for  a  canal  that  was  satisfactory. 

Senator  Morgan.  A  sea-level  canal  is  what  you  meant? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  And  cutting  it  through  the  Culebra  Heights,  of 
course  ? 

Mr.  Wallace.  Yes,  sir. 

Senator  Taliaferro.  You  meant  to  undertake  to  show  that  such  a 
canal,  built  at  a  cost  of  $300,000,000,  would  be  a  profitable  investment? 

Mr.  Wallace.  Yes,  sir;  that  is,  eventually.  It  would  not  be  right 
off,  but  in  a  broad  way  it  would  be.  If  the  competition  which  the 
Panama  Canal  would  bring  on  the  Suez  would  cause  a  reduction  of  $1 
a  ton  on  the  freight— not  on  the  tonnage  measurement,  the  wa}'^  thev 
compute  their  tonnage,  but  on  the  actual  goods  themselves — through 
the  Suez  Canal,  why,  on  their  present  tonnage  there,  it  would  yield 
over  $10,000,000  a  year,  which  would  be  saved  to  the  commerce  of 
the  world.  It  would  not  come  to  the  United  States  in  tolls,  but  would 
be  saved  to  the  world's  commerce  immediately. 

Senator  Morgan.  It  does  not  occur  to  me  that  we  are  out  for  the 
purpose  of  making  money  for  the  world.  W^hen  we  get  to  digging 
canals  in  Mars,  that  may  be.     [Laughter.] 

Mr.  Wallace.  I  thought  we  were,  Senator.  I  thought  our  position 
before  the  civilized  world  was  that  we  were  digging  this  canal  for  the 
benefit  of  the  world. 

Senator  Morgan.  Now,  let  me  ask  you  two  or  three  (questions.  In 
building  a  sea-level  canal,  you  would  necessarily  retain  the  dam  at 
Gam  boa? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  As  a  regulating  work? 

Mr.  W^ALLACE.  Yes,  sir. 

Senator  Morgan.  And  that  would  back  up  a  great  volume  of  water 
into  lakes,  according  to  the  incoming  of  the  waters  from  the  affluents? 

Mr.  W^ALLACE.    les,  sir. 

Senator  Morgan.  Would  that  dam  at  Gamboa  supply  a  sufficiency 
of  water  for  all  commercial  purposes  for  a  lock  canal  between,  say, 
Gamboa  or  Obispo  and  Miraflores  or  Pedro  Miguel? 

Mr.  Wallace.  The  dam  at  Gamboa  would  be  practicable  and  usable 
for  a  lock  canal  of  any  height  or  level  that  you  might  want  to  have 
there,  up  to  90  feet,  60  feet,  or  any  other  height. 

Senator  Morgan.  Practically  usable,  you  say? 

Mr.  Wallace.  Yes;  it  would  also  furnish  you  your  water  for  the 
-entire  Zone,  and  it  would  furnish  electric  power  to  run  the  Panama 
Kailroad  and  light  the  entire  Isthmus  from  one  side  to  the  other. 
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Senator  Morgan.  Then  it  would  be  quite  sufficient  for  the  eight  or 
ten  miles  across  the  Culebra  Cut  if  a  lock  canal  should  be  constructed 
between  Obispo  and  Miraflores? 

Mr.  Wallace.  It  would  be  abundantly  sufficient;  yes,  sir. 

Senator  Dryden.  Mr.  Wallace,  you  have  spoken  of  a  plan  for  a  sea- 
level  canal  which  is  not  recommended  by  the  majority.  If  you  were 
confined  to  the  recommendation  of  the  majority  or  the  minority,  which 
one  of  those  plans  would  you  recommend? 

Mr.  Wallace.  Why,  the  majority  report,  decidedly.  I  do  not 
recommend  a  plan  dififering  from  the  majority  report.  I  simply  said, 
Senator,  that  tnere  were  one  or  two  points  that  I  question.  I  was  asked 
to  criticise  that,  and  I  said  that  there  are  one  or  two  points  that  were 
suggested  by  the  majority  report  that  I  was  not  sure  in  my  own  mind 
whether  those  particular  details  were  the  best  or  not;  but  as  far  as 
the  plan  is  concerned  1  would  like  to  go  on  record  as  indorsing  their 
general  plan. 

Senator  Dryden.  The  plan  of  the  majority  ? 

Mr.  Wallace.  Yes,  sir. 

Senator  Dryden.  Do  you  think  that  a  sea-level  canal  as  narrow  a& 
recommended  by  the  majority  is  a  safe  canal  for  all  big  vessels  to  navi- 
gate? 

Mr.  Wallace.  Yes;  I  do. 

Senator  Dryden.  Supposing  an  accident  occu;-s  to  a  big  vessel,  and 
it  blocks  the  canal,  and  other  vessels  are  in  the  canal  coming  both 
ways,  what  is  going  to  happen  if  those  vessels  happen  to  get  in  there 
and  find  that  canal  blocked  up  in  a  way  that  may  prevent  traffic  per- 
haps for  weeks? 

Mr.  Wallace.  I  do  not  grant  that  it  would  delay  traffic  for  weeks, 
because  it  would  only  he  a  matter  of  a  few  days,  possibly.  Of  course 
it  depends  on  how  efficient  they  are  in  getting  it  out.  But  it  is  just 
like  it  is  on  a  railroad:  We  wreck  a  train  in  a  tunnel  or  we  wreck  a 
train  in  a  deep  cut,  and  the  first  thing  we  do  is  to  clear  it  out  and 
restore  traffic.  We  use  dynamite  or  fire  or  anything  that  is  necessary 
to  remove  the  obstruction. 

Senator  Dryden.  Is  it  so  improbable  that  a  vessel  might  meet  with 
such  an  accident  in  there  that  it  would  become  impossible  to  take  it 
out  without  great  expense  of  time  and  mone}'  ? 

Mr.  Wallace.  I  can  not  imagine  anything  that  would  happen  to  a 
vessel  sinking  in  the  canal  prism — I  mean  in  the  channel  itself — 
whether  it  is  a  lock  canal  or  a  sea-level  canal,  with  the  appliances  with 
Y^hich  a  great  work  of  that  kind  should  be  provided,  and  the  men 
skilled  to  use  them,  that  could  prevent  the  removal  of  a  wreck  in  a 
very  short  time. 

Senator  Dryden.  There  is  a  margin  of  but  2  feet  in  depth  in 
this  proposed  canal  for  the  biggest  vessels  now  in  course  of  construc- 
tion. In  the  case  of  a  vessel  steaming  through  under  its  own  head  of 
steam,  might  it  not  strike  bottom  with  a  margin  so  small  as  thati? 
Will  there  not  be  danger  of  that? 

Mr.  Wallace.  It  depends  on  the  velocity  with  which  it  is  moving. 

Senator  Dryden.  But  it  would  not  have  to  move  at  a  very  great 
velocity,  would  it,  if  it  was  extremely  heavily  loaded? 

Mr.  Wallace.  Well,  that  statement  would  apply  to  either  a  lock 
or  a  sea-level  canal. 
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Senator  Drydbn.  I  think  that  is  true;  therefore  I  wanted  your  opin- 
ion on  that  as  applicable  to  both  plans. 

Mr.  Wallace.  I  should  think  for  a  vessel  with  a  draft  of  30  feet 
that  you  would  want  more  than  2  feet  clearance.  But  there  is  this  to 
be  considered:  I  do  not  know  of  any  harbor  in  the  world  to-day  that 
will  let  a  38-foot  draft  steamship  into  it. 

Senator  Morgan.  What  depth? 

Mr.  Wallace.  Thirty-eight  feet. 

Senator  Drydbn.  Could  not  such  a  vessel  get  into  New  York  Harbor ! 

Mr.'  Wallace.  No,  sir. 

Senator  Dryden.  How  are  these  big  Cunarders  going  to  get  in? 

Mr.  Wallace.  They  do  not  come  in  drawing  that  much  water.  A 
vessel  may  have  a  possible  draft  of  38  or  40  feet,  but  that  does  not 
mean  that  it  will  be  loaded  to  that  draft.  It  may  not  be  loaded  to  that 
draft  once  in  the  lifetime  of  the  ship.  < 

Senator  Dryden.  Of  course;  that  I  can  understand  perfectly  well. 

Mr.  Wallace.  Take  the  situation  at  New  Orleans.  When  *^  I  was 
with  the  Central  we  had  a  very  heavy  export  business,  and  we  were 
loading  sometimes 'three,  six,  eight,  ten,  or  twelve  ocean  steamers  per 
day  at  our  docks — the  Stuyvesant  docks  there.  We  had  vessels  there 
that  had  a  draft  of  30  and  32  feet  of  water— 15,000  to  18,000  ton  ships; 
but  they  loaded  for  the  bar  at  the  jetties,  over  which  there  was  26  feet 
of  water. 

Senator  Dryden.  At  no  point  in  the  sea-level  canal,  I  take  it,  would 
a  vessel  be  able  to  proceed  except  at  a  very  moderate  rate,  even  where 
the  canal  is  200  feet  wide  ? 

Mr.  Wallace.  Take  the  case  of  the  Suez  Canal  to-day;  their  depth 
is  very  moderate— I  do  riot  remember  what  it  is,  but  it  is  less  than  30 
feet-^and  their  widths  are  much  less  than  at  Panama,  and  yet  the 
commerce  of  the  world  goes  through  there. 

Senator  Dryden.  When  you  were  speaking  of  the  Gatun  dam,  Mr. 
Wallace,  vou  started  to  say  something  about  the  locks—  that  you  did 
not  like  the  locks — out  3^ou  were  interrupted  by  another  question,  and 
diverted. 

Mr.  Wallace.  What  I  meant  was  this:  I  mav  be  mistaken,  but  in 
my  own  examinations  of  those  borings— there  have  only  four  or  five 
borings  been  taken  throughout  the  entire  length  of  the  site  on  which 
it  is  proposed  to  build  those  locks,  and  those  locks  with  their  approaches 
and  wing  walls  extend  upward  of  a  mile  in  length;  and  my  criticism 
on  the  lock  plan  was  this:  First,  the  continuity  of  the  locks  in  flight, 
being  so  close  together,  so  that  if  you  had  an  accident  in  one  it  might 
affect  the  other;  and  second  was  tfie  view  that  it  is  very  difficult  any 
where  in  cla5%  in  any  country,  for  a  great  distance,  to  secure  a  foundia 
tion  that  is  absolutel}'^  of  a  uniform  and  homogeneous  nature;  and 
with  the  great  weight  that  these  locks  will  have  it  will  be  a  very  seri 
ous  question,  in  my  mind,  whether  or  not,  unless  you  had  a  perfectly 
homogeneous  and  uniform  foundation  under  them,  you  woula  not  run 
the  danger  of  having  your  heav3%  immense,  massive  masonry  crack, 
due  to  unequal  settlements.  And  it  would  seem  the  part  of  prudence, 
before  a  lock  plan  of  that  magnitude  and  in)r)ortance  is  undertaken, 
that  the  most  thorough  borings  should  be  made  over  that  entire  area, 
and  at  least  as  close  together  as  100  to  200  feet  apart,  both  laterally 
and  longitudinally. 
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Senator  Dryden.  These  torings  have  not  yet  been  made,  then? 

Mr.  Wallace.  I  understand  that  they  have  not.  While  the  general 
surface  of  the  ground  may  look  the  same,  in  that  country  you  can  not 
tell  what  you  have  got  until  you  get  down  into  it.  And  in  case  there 
should  be  softer  material  toward  the  edges  of  this  hill,  in  which  the}^ 
intend  to  put  this  lock,  under  the  surface,  and  that  material  should 
not  be  as  dense  as  it  was  under  the  center  of  it,  which  is  a  very 
possible  situation,  something  that  you  naturally  find  almost  anywhere 
under  similar  conditions,  you  are  liable  to  have  more  settlement  on 
the  ends  than  you  would  in  the  centers  of  your  structure,  and  these 
locks,  as  I  understand  it,  are  to  be  in  series,  in  flight — that  is,  practi- 
cally connected  together. 

Senator  Dryden.  Leaving  out  this  danger  which  you  have  just  now 
spoken  of,  do  you  think  that  there  is  any  other  danger,  as  to  these  big 
vessels  crushing  these  locks? 

Mr.  Wallace.  No  ship  ever  moved  in  the  world  but  what  there 
was  a  liability  of  its  running  into  something,  if  there  was  anything  for 
it  to  run  into,  and  if  its  movement  was  controlled  by  the  human  mind. 
That  applies  to  a  ship,  it  applies  to  a  railroad  train,  and  it  applies  to 
everything  that  moves,  the  movement  of  which  is  directed  by  the  per- 
sonal element;  and  if  you  run  into  them  you  are  liable  of  course  to 
crash  from  one  lock  down  into  the  other.  Ah  long  as  a  vessel  or  car 
or  anything  moves  by  machinery,  and  that  machinery  is  controlled  by 
the  human  mind,  you  are  liable  to  have  errors  and  you  are  liable  to 
have  accidents  happen. 

Senator  Dryden.  Can  you  \eatify  as  to  the  usable  length  of  these 
locks?  There  has  been  some  little  ditference,  it  has  seemed  to  some  of 
the  committee,  as  to  their  usable  length. 

Mr.  Wallace.  There  seems  to  be  some  diflFerence.  In  reading  the 
testimony  I  notice  that  there  is  evidently  a  diflerence  as  to  an  appre- 
ciation of  the  facts  in  the  plans.  I  have  not  been  able  to  get  at  the 
exact  drawings,  to  be  able  to  speak  intelligently  on  that  point,  but  that 
is  a  matter  that  it  seems  that  the  Commission  ought  to  be  able  to  show 
definitely  by  their  actual  detailed  plans,  what  the  usable  length  of  those 
locks  would  be.  That  they  should  be  a  thousancl.feet  long  and  100  feet 
wide,  I  do  not  believe  would  be  questioned.  I  think  that  should  be 
their  minimum  dimensions. 

Senator  Ankeny.  Mr.  Wallace,  I  would  like  to  ask  you  what  effect 
these  large  vessels  in  the  sea-level  canal  would  have  upon  those  low 
banks  that  you  speak  of;  what  the  effect  of  the  *'  wash  would  be,  as 
we  call  it.  Would  it  not  wash  material  into  the  prism  of  your  chan- 
nel again? 

Mr.  Wallace.  No;  not  the  way  they  propose  to  build  them.  They 
have  very  flat  submerged  slopes. 

Senator  Ankeny.  You  know  there  is  a  danger  of  that  thing,  do 
you  not? 

Mr.  Wallace.  Yes,  I  know  there  is;  but  these  vessels  move  at  a 
very  slow  speed,  and  not  like  our  Mississippi  River  steamboats  on 
high  water  against  the  levee. 

benator  Ankeny.  I  had  that  in  mind. 

Mr.  Wallace.  I  supposed  that  you  had.  The  speed  at  which  the 
vessel  would  move  through  the  canal  would  not  be  enough  to  give  rise 
to  that  danger. 

Senator  Ankeny.  That  would  not  be  one  of  the  dangers? 
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Mr.  Wallace.  No,  sir;  that  is,  of  course,  something  that  is  com- 
mon to  all  forms  of  canals. 

Senator  Ankeny.  I  understand  in  comparison  it  is,  but  it  would  not 
forbid  operatinof  the  sea-level  canal  ? 

Mr.  Wallace.  No;  not  at  all.  What  would  happen  there  would  be 
this:  In  these  low  sections  this  slope  is  very  flat,  so  tnat  the  wash  might 
change  that  slope  a  little,  so  that  it  might  be  one  of  the  elements 
that  might  go  to  make  up  your  cost  of  maintenance  in  a  long  series  of 
years. 

Senator  Ankeny.  In  the  way  of  continual  dredging? 

Mr.  Wallace.  In  the  way  of  dredging,  yes;  but  it  would  be  very 
slight. 

Senator  Ankeny.  What  would  you  do  with  the  material  that  you 
dredged  ? 

Mr.  Wallace.  Carry  it  out  to  sea  and  dump  it.  Of  course  you 
will  have  to  have  with  any  type  of  canal,  whether  a  lock  or  a  sea-level 
canal,  a  certain  number  of  dredges  in  case  bars  are  formed  at  the 
mouths  of  streams  that  enter  the  canal,  where  they  are  not  properly 
diverted,  or  to  take  care  of  points  which  may  shoal  up,  due  to  various 
causes. 

Senator  Ankeny.  It  is  not  a  serious  matter? 

Mr.  Wallace.  No,  sir. 

Senator  Ankeny.  It  is  definable,  to  use  an  earlier  expression  of 
yours? 

Mr.  Wallace.  Yes,  sir. 

Senator  Taliaferro.  And  it  is  common  to  both  types? 

Mr.  Wallace.  Yes,  sir;  it  is  common  to  both  types.  Right  on  that 
point,  I  have  seen  estimates  here  based  on  the  number  of  cubic  yards 
that  are  excavated. 

Senator  Ankeny.  Yes. 

Mr.  Wallace.  Showing  that  it  would  cost  a  great  deal  more  to 
maintain  a  sea-level  canal  than  a  lock  canal,  because  a  greater  number 
of  yards  had  been  excavated  to  make  the  sea-level  canal.  The  amount 
of  wash  into  a  canal  does  not  depend  upon  the  material  that  has 
been  dug  out  of  it  to  make  it.  It  seems  to  me  that  should  be  very 
plain  to  anyone.  What  it  does  depend  upon  is  the  nature  and  extent 
of  the  washable  surface  and  the  amount  of  minfall  that  you  have. 
Whether  you  have  taken  out  a  hundred  thousand  or  a  hundred  million 
yards  of  stuflf  to  make  the  canal  has  nothing  to  do  with  the  amount  of 
dirt  that  is  going  to  wash  back  into  the  canal.  The  surface  that  the 
water  flows  over,  its  character  and  extent,  and  the  amount  of  rainfall 
are  the  factors  that  make  up  the  amount  that  is  going  back  into  the 
canal. 

Senator  Taliaferro.  And  its  susceptibilitj'  to  wash? 

Mr.  Wallace.  Yes;  I  say,  its  character. 

Senator  Ankeny.  In  connection  with  this  sea-level  canal  there  have 
been  many  objections,  which  you  see  by  the  reports,  to  its  width,  and 
reference  has  been  made  to  the  difliculty  of  two  ships  passing.  Sup- 
pose that  the  old  proposition  or  plan  was  in  operation,  could  not  this 
widening  go  on  without  interruption  of  the  traflic.  In  other  words, 
could  we  carry  on  our  traflic  on  a  limited  scale,  we  will  say,  for  argu- 
ment's sake,  and  go  on  with  the  additional  work  of  widening  without 
interruption  of  that  traffic  to  any  great  extent? 
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Mr.  Wallace.  Your  canal  could  be  widened  or  deepened,  or  any- 
thing that  you  please,  without  necessarily  making  any  disturbance  of 
your  traffic. 

Senator  Ank EN Y.  If  we  find  it  inadequate? 

Mr.  Wallace.  Yes,  sir. 

Senator  Ankeny.  We  anticipate  a  great  traffic  there,  which  we 
have  a  right  to  do,  I  think,  from  all  the  circumstances;  but  if,  in  the 
wisdom  of  Congress  or  of  the  Commission,  it  should  be  widenea  later, 
it  could  be  done  without  interruption  of  the  traffic  that  we  have;  am 
I  right?. 

Air.  Wallace.  You  are  right;  yes,  sir. 

Senator  Ankeny.  If  the  sea-level  canal  was  adopted,  where  would 
you  put  the  power  plant  that  you  propose  to  use  for  lighting  and 
power? 

Mr.  Wallace.  I  would  put  it  at  Gamboa.  That  is  very  near  to  the 
center  of  the  Isthmus,  and  is  what  you  might,  call  the  center  of  gravity 
of  the  work. 

Senator  Ankeny.  That  would  necessarily  be  this  dam  proposition 
again,  would  it  not? 

Mr.  Wallace.  Yes,  sir. 

Senator  Ankeny.  Now,  let  us  leave  that  and  come  to  another  point. 
I  think  by  pictures,  you  see,  and  vou  must  pardon  me  if  I  digress  a 
little.  Under  which  proposition  the  majority  or  the  minority,  or  the 
sea  level  or  the  lock  canal,  which  ever  way  you  wish  to  distinguish 
them,  is  there  the  greater  danger  from  enemies?  Which  type  has  the 
lesser  risk,  in  other  words? 

Mr.  Wallace.  It  seems  to  me  that  there  is  no  question  but  that  the 
sea-level  canal  is  the  safer. 

Senator  Ankeny.  The  sea-level  canal  is  safer  than  the  other? 

Mr.  Wallace.  Much  safer  than  the  other  against  anything  that 
might  happen  to  it,  either  by  act  of  God  or  act  of  man,  in  time  of 
peace  or  war. 

Senator  Ankeny.  A  sea-level  canal  would  be  the  better  plan,  for 
that? 

Mr.  Wallace.  Ye^,  sir. 

Senator  Ankeny.  Now  again  I  will  digress  a  little.  What  is  your 
estimate  of  the  submerged  lands,  under  the  lock  proposition  ?  Have 
you  made  any  ? 

Mr.  Wallace.  Well,  that  is  a  very  difficult  matter  to  make  an  esti- 
mate about. 

Senator  Ankeny.  I  know  it  is  difficult,  but  it  has  to  be  fixed. 

M  r,  Wallace.  While  the  franchise  or  the  law  says  that  that  valua- 
tion shall  be  the  same  as  it  was  before  we  took  possession,  those  things 
do  not  work  out  that  way  in  practice. 

Senator  Ankeny.  Not  in  their  court**. 

Mr.  Wallace.  Not  in  their  courts  nor  in  our  courts  down  there. 
We  wanted  to  get  some  land  right  up  alongside  of  Ancon  here  that 
belonged  to  a  man  named  Diaz.  General  Davis  can  tell  you  the  details 
about  it.  I  do  not  remember  them  all.  That  property  I  do  not 
believe  cost  that  old  gentleman  over  $5,000.  When  we  went  down 
there  it  was  not  worth  over  $5,000.  He  could  not  have  sold  it  to  a 
Panamanian  for  over  that. 

We  had  a  commission  come  down  there  from  the  States,  under  the 
law;  they  formed  part  of  it  and  we  formed  part  of  it.     We  had  two 
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men  coming  down  from  the  States,  joined,  with  the  Panamanians.  I 
do  not  remember  certainly,  but  my  recollection  is  that  the  valuation 
on  that  property  was  about  $50,000 — about  ten  times  what  it  was 
supposed  to  be  worth.  We  tried  for  months— General  Davis  did — to 
buy  some  property  at  Corozal  that  belonged  to  the  Shubers,  that  had 
been  in  litigation  with  the  old  French  canal  company,  and  thev 
wanted  a  thousand  dollars  an  acre  for  this  land  that  was  what  we  call 
manglares  or  swamps  [indicating  on  map],  lands  that  we  did  not  think 
were  worth  over  $5  an  acre. 

Senator  Ankeny.  We  had  a  specimen  of  that  in  your  hospital  matter 
there,  if -you  remember  it. 

Mr.  W  ALLACE.  Yes,  sir. 

Senator  Drtden.  They  are  becoming  Americanized,  I  see.  [Laugh- 
ter.] 

Mr.  Wallace.  They  are,  very,  very  rapidly.     [Laughter.] 

The  result  was  that  at  Corozal  I  was  not  able  to  utilize  ground  that 
was  very  suitable  for  buildings.  There  were  buildings  on  it  that  the 
French  liad  there,  and  we  went  in  and  arbitrarily  fixed  them  up  and 
put  our  men  in  them.  It  was  maintaining  a  status  quo.  We  did  not 
put  any  new  buildings  on  that  property. 

In  this  territory  down  here  there  are  banana  plantations  [indicating 
on  map]. 

Senator  Ankent.  And  they  will  be  submerged? 

Mr.  Wallace.  Yes,  sir. 

Senator  Ankeny.  Under  the  lock  system  ? 

Mr.  Wallace.  Yes,  sir.  And  these  towns  existing  along  the  Panama 
Railroad  [indicating  on  map]. 

Senator  Ankeny.  Approximately,  what  damage  will  this  Govern- 
ment have  to  pay  if  we  take  those  people's  lands?  That  is  a  hypo- 
thetical Question,  but  we  want  to  know  tnat. 

Mr.  WALLACE.  From  my  knowledge  of  the  people  down  there  and 
the  way  they  work — I  mean  the  way  they  work  us  [laughter] 

Senator  Ankeny.  That  is  the  difficulty. 

The  Chairman.  They  do  work  us,  too.     [Laughter.] 

Mr,  Wallace.  They  do.  On  the  whole  situation,  I  should  judge 
it  would  cost  $25,000,000  to  pay  for  the  land  which  will  be  submerged 
by  that  85-foot  dam  project  on  the  lock  plan. 

Senator  Ankeny.  I  understand  that  you  would  recommend  that  this 
be  done  under  the  contract  system? 

Mr.  Wallace.  Yes,  sir. 

Senator  Ankeny.  That  is  unequivocal? 

Mr.  Wali^ce.  The  object  of  that  is  this:  Simply  to  get  it  so  that 
one  man  can  be  put  down  there  and  do  it. 

Senator  Ankeny.  I  understand. 

Mr.  Wallace.  That  is  all.  If  we  could  do  that  work  the  way  a 
railroad  company  or  a  private*  corporation  would  do  it,  why  I  would 
not  say  so;  but  from  my  experience  with  it,  from  the  utter  impossi- 
bility of  the  United  States  Government  carrying  on  a  constructive 
enterprise  in  a  common-sense,  business-like  manner,  it  looks  to  me  as 
if  the  only  way  there  was  out  of  it  was  to  put  it  in  the  hands  of  a 
general  contractor.  Then,  that  general  contractor,  having  no  interest 
in  it  except  to  get  it  done,  and  as  quickly  as  possible 

Senator  Ankeny.  And  to  get  his  money  ? 


604  INVESTIGATION    OF    PANAMA   CANAL   MATTERS. 

Mr.  Wallace.  And  to  get  his  money,  can  put  a  man  in  charge  of 
that  work  there,  and  can  use  methods  wnich  it  is  impossible  for  us  as  a 
Government  to  ase. 

Senator  Mokgan.  Would  you  turn  over  the  railroad  to  the  general 
contractor? 

Mr.  Wallace.  The  whole  business,  lock,  stock,  and  barrel. 

Senator  Morgan.  How  would  you  arrange  about  the  commercial 
traffic  on  the  railroad  between  the  seas? 

Mr.  Wallace.  The  great  business  of  the  world  is  carried  on  by  pri- 
vate railroad  corporations  to-day;  and  it  would  be  the  easiest  thing  in 
the  world  to  specify  the  rates  that  that  contractor  shall  charge,  and 
you  can  hold  him  to  his  duties  as  a  common  carrier  a  ^reat  deal  easier 
than  you  can  hold  one  of  the  transcontinental  American  railroads  to 
its  duties  as  a  common  carrier.  And  the  proposition  is  so  simple;  it 
is  simply  taking  freight  from  one  dock  and  landing  it  on  another  47  or 
50  miles  away. 

Senator  Morgan.  And  having  the  control  of  the  railroad  he  could 
conduct  his  canal  work  without  injury  to  the  commerce? 

Mr.  Wallace.  Without  any  injury  to  the  commerce  whatever;  and 
he  should  be  required  to  do  that.  If  we  are  spending  three  hundred 
millions  of  dollars  to  afford  the  world  an  uninterrupted  line  of  traffic 
across  that  Isthmus  at  the  lowest  possible  rate,  and  we  can  do  that 
through  that  railroad,  and  do  it  now,  why  should  we  not  use  that  rail- 
road for  that  purpose?  And  as  the  contractor's  work  is  to  be  to 
accomplish  that  result,  he  should  be  required  to  do  it  as  he  goes  along, 
and  there  is  no  reason  why  he  could  not  do  it.  That  railroad  is  capa- 
ble of  handling  and  can  be  made  capable  of  handling  any  amount  of 
tonnage  that  will  ever  pass  through  that  Isthmus,  and  doing  it  quickly 
and  doing  it  economically. 

Senator  Morgan.  I  would  like  to  ask  you  whether  there  is  not  still 
some  complaint  in  regard  to  the  railroad  rates  across  the  Isthmus? 

Mr.  Wallace.  I  do  not  know.  I  have  not  been  in  touch  with  it 
lately.  Senator. 

Senator  Morgan.  I  gather  my  information  from  the  common  source 
of  information  in  this  country — the  newspapers. 

Mr.  Wallace.  What  1  understand  is  this:  The  rates  across  that 
Isthmus  were  made  in  this  wise:  There  was  through  billing  from  New 
York  to  San  Francisco  by  the  way  of  the  Panama  Railroad  Steamship 
Line  and  the  Panama  Railroad  to  the  Pacific  Mail.  That  rate  was  very 
low,  and  the  average  rate  across  the  Isthmus,  as  nearly  as  I  could 
figure  it  when  I  was  there,  was  about  $1.92  a  ton.  In  other  words, 
the  competition  of  the  transcontinental  railroad  lines  forced  the 
Panama  rate  down  to  that  figure.  The  Panama  Railroad  did  not 
regulate  the  rate  of  the  through  transcontinental  lines,  but  the  through 
transcontinental  lines  regulated  the  rate  that  the  Panama  Railroad 
could  charge.  They  could  only  get  what  they  could  out  of  what  was 
left. 

Senator  Morgan.  That  was  very  natural,  because  thev  control  Hi 

Mr.  Wallace.  Yes;  all  of  the  ports  along  the  western  "tacific  coast; 
each  of  them  bore  a  different  rate  across  the  Panama  Railroad.  For 
instance,  the  milroad  rate  was  dependent  upon  what  the  stuff  was  and 
where  it  came  from.  In  other  words,  coffee  from  one  port  might  bear 
$6  a  ton  and  from  another  port  $4  a  ton  for  its  passage  across  the  rail- 
road.    What  regulated  those  rates  was  what  it  cost  to  take  that  stuff 
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around  Cape  Horn.  In  other  words,  the  Panama  Railroad  charged  on 
that  traffic  what  that  traffic  would  bear,  up  to  the  last  mill. 

I  understand  those  rates  have  been  cut  m  two,  and  there  have  been 
some  minor  adjustments,  but  there  is  no  reason  why  that  sei^vice  should 
not  be  rendered  to  everybody,  and  to  everybody  alike,  and  there  is 
nothing  that  you  are  going  to  do  to  develop  our  trade  relations  with 
those  South  American  countries  that  will  help  out  any  more  or  any 
better  than  to  make  out  the  lowest  possible  rate  that  vou  can  on  the 
railroad  across  that  Isthmus  and  let  those  people  have  the  benefit  of  it. 
That  will  develop  their  countr}^  and  their  purchasing  power  and 
increase  our  trade. 

Senator  Morgan.  The  railroad  is  under  the  operation  and  control 
of  a  New  York  corporation  ^ 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  That  corporation  fixes  all  the  rates? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  The  Commission  does  not  fix  the  rates;  can  not 
fix  the  rates? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  It  has  been  the  work  of  the  corporation  ? 

Mr.  Walij^ce.  Yes,  sir. 

Senator  Morgan.  So  that  the  officers  of  that  corporation  are  the  most 
important  officers  on  the  Isthmus  to-day  connected  with  the  movement 
of  commercial  business,  and  also  supplies  to  the  Isthmus  of  every  kind 
that  are  necessary  to  conduct  the  canal  work  ? 

Mr.  Wallace.  That  is  true.  And  the  officers  that  control  the  rail- 
road in  New  York,  with  very  few  exceptions,  have  never  been  down 
there.     They  do  not  know  what  they  have  got. 

Senator  Morgan.  In  the  contract  plan  that  you  suggest,  it  would 
be  necessary  to  put  the  control  of  this  railroad,  mtes  and  all,  in  the 
hands  of  the  contractor,  seeing  that  he  did  not  charge  too  much? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  That  would  be  the  programme? 

Mr.  Wallace.  Yes,  sir.  There  is  one  thing  I  want  to  say,  if  you 
will  pardon  me  for  mentioning  it,  and  that  is  that  the  United  States 
Government  and  myself  are  the  only  stockholders  in  the  Panama 
Railroad.  I  bought  a  share  of  stock  in  order  to  qualif}^  myself  as  a 
director  in  the  Panama  Railroad.  I  gave  the  United  States  my  check 
for  it.  They  bought  back  an  option  on  that  stock,  and  took  my 
check  and  cashed  it.  And  they  have  got  my  money  and  they  have 
got  the  stock.     [Laughter.] 

Senator  Morgan.  The  Government  seems  to  be  doing  pretty  well 
in  the  railroad  business.     [Laughter.] 

Mr.  Wallace.  But,  technically,  I  happen  to  be  the  only  stockholder 
of  the  Panama  Railroad,  except  the  United  States  Government. 

Senator  Morgan.  You  delivered  up  3^our  share  of  stock,  did  you 
not,  to  the  Government? 

Mr.  Wallace.  The  Government  has  it. 

The  Chairman.  And  your  money,  too?     [Laughter.] 

Mr.  Wallace.  Yes,  sir.  But  ttat,  of  course,  is  neither  here  nor 
there. 

Senator  Morgan.  So  that,  if  you  were  really  a  stockholder  in  the 
Panama  Railroad  Company  and  also  a  director,  you  would  have  a  very 
potential  voice  in  the  management  of  the  rate  question? 
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Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  And  they  would  not  get  away  from  you,  would 
they? 

Mr.  Wallace.  Not  if  I  had  influence  enough  to  do  anything. 

Senator  Ankeny.  There  is  one  other  point  that  I  had  in  my  mind 
that  I  wanted  to  ask  you  about:  In  advocating  the  contract  systeuL 
which  1  understand  you  do,  how  would  you  dispose  of  your  plant;  1 
mean  your  naachinery,  your  shovels,  etc.,  which  belong  to  the  Gov- 
ernment.    What  would  be  your  suggestion? 

Mr.  Wallace.  I  would  turn  them  over  to  the  contractor. 

Senator  Ankeny.  Everything? 

Mr.  Wallace.  I  would  turn  everything  down  there  over  to  him— 
your  shops,  your  old  machinery,  and  your  new  machinery,  and  every- 
thing else. 

Senator  Ankeny.  If  either  type  of  canal  were  completed  (we  will 
call  them,  for  convenience,  the  lock  and  sea  level),  what,  in  your  opin- 
ion, would  be  the  cost  of  maintenance?  Which  would  be  the  greater 
-expense  to  this  Government,  or  which  could  we  maintain  easier? 

Mr.  Wallace.  Of  course,  it  is  a  very  difficult  matter  to  figure  on 
those  expenses. 

Senator  Ankeny.  I  know  it. 

Mr.  Wallace.  But  I  should  judge  you  would  save  at  least  a  million 
dollars  by  the  sea-level  canal;^  that  it  would  be  at  least  a  million  dollars 
cheaper  per  annum  to  maintain. 

Senator  Morgan,  Per  annum? 

Mr.  Wallace.  Yes,  sir;  per  annum. 

Senator  Dryden.  That  makes  no  allowance  for  the  capital  invested! 

Mr.  Wallace.  None  whatever. 

The  Chairman.  I  think  we  had  better  take  a  recess  until  2.16. 

Senator  Taliaferro.  There  is  one  question  that  I  wish  to  ask,  Mr. 
Ohairman. 

The  Chairman.  Very  well,  Senator. 

Senator  Taliaferro.  You  spoke  of  the  estimated  cost  to  the  Gov- 
ernment of  these  lands  that  would  be  submerged  by  the  lake  in  the 
lock-canal  plan.  What  have  you  to  say  about  the  lands  that  would  be 
fiubmergea  by  the  Gamboa  dam? 

Mr.  Wallace.  The  diflPerence  is  simplv  this:  There  is  a  very  small 
population  in  the  Chagres  Valley  above  Gamboa,  and  the  larger  part 
of  the  Dopulation  in  the  Zone  is  in  the  valley  below  Gamboa.  You 
will  find  tnat,  as  a  rule,  the  more  numerous  and  the  smaller  the  hold- 
ings are,  the  more  trouble  you  will  have  with  them. 

Senator  Taliaferro.  As  a  matter  of  fact,  does  not  the  Government 
own  more  of  the  land  than  would  be  submerged  by  the  lakes  in  the 
lock  plan  than  they  do  in  the  upper  Chagres  Valley  that  would  be  sub- 
merged by  the  Gamboa  dam? 

Mr.  Wallace.  I  doubt  it.  Those  titles  are  very  much  involved. 
We  supposed  that  we  got  from  the  treaty  a  sufficient  amount  of  land 
between  La  Boca  and  Corozal.  We  supposed  that  we  had  that.  At 
least  I  understand  that  that  was  General  Davis's  view  and  Judge 
Magoon's  view.  But  we  found,  when  we  commenced  to  dig  into  it,  all 
sorts  of  complications  in  regard  to  the  title.  So  I  think  you  will  find, 
when  you  get  at  it,  that  whenever  there  is  any  particular  piece  of  land 
that  you  want  that  the  Government  does  not  own  it  in  such  a  way  as 
to  relieve  you  from  having  to  pay  somebody  else  for  it,  just  the  same. 
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Senator  Taliaferro.  Have  you  made  any  estimate  at  all  of  the 
acreage  that  would  be  submerged  by  this  Gamboa  dam  i 

Mr.  Wallace.  No,  sir;  I  told  you  that  was  just  simply  a  round, 
off-had  guess— that  26,000,000. 

Senator  Taliaferro.  I  am  speaking  of  the  Gamboa  dam. 

Mr.  Wallace.  That  depends  on  the  height  of  water  that  there  will 
be.  I  have  not  the  tables  with  me,  but  that  is  worked  out  in  a  set  of 
tables  showing  the  area  at  different  heights  of  water.  It  is  very  easily 
determinable  though. 

Senator  Morgan.  The  amount  above  the  Gamboa  dam  at  the  time 
of  the  Hay-Varilla  treaty  was  made  had  very  little  value. 

Mr.  Wallace.  That  is  true,  both  above  and  below;  but  there  is 
very  small  population  above  Gamboa.     I  have  been  up  there,  and  after 
you  get  away  from  the  river  it  is  simply  a  jungle  for  miles. 

Senator  Morgan.  And  steep  hills? 

Mr.  Wallace.  And  ravines  that  ramifv  in  all  directions.  This 
i^hows  it,  approximately  [indicating  on  map],  all  these  depressions  you 
see.  There  are  no  inhabitants  up  in  here  [indicating  on  map].  Occa- 
sionally, at  these  little  towns,  there  will  be  one  or  two  or  three  fami- 
lies in  thatched  huts. 

Senator  M0RG4N.  There  is  a  little  village  between  Gamboa  and 
Alhajuela,  is  there  not? 

Mr.  Wallace.  Yes,  sir;  but  it  is  practically  a  wilderness  after  you 
get  above  Cruces  there. 

(The  committee  thereupon  took  a  recess  until  2.15  o'clock  p.  m.) 

AFTER   recess. 

STATEMENT  OF  JOHN  F.  WALLACE,  ESQ.— Continued. 

Senator  Kittredge.  Mr.  Wallace,  what  is  the  character  of  the 
material  under  the  dams  at  La  Boca,  Sosa  Hill,  and  from  Ancon  Hill 
to  Corozal,  as  proposed  by  the  minority? 

Mr.  Waliace.  I  can  explain  that  to  you  better  from  reference  to 
one  of  these  maps.  At  the  mouth  of  the  Rio  Grande  these  are  mud 
flats;  and  the  mud,  I  understand,  depending  on  the  depth  of  the  water, 
is  all  the  way  from  25  to  55  or  60  feet  in  depth — a  soft  mud  or  ooze. 

In  between  Sosa  and  Ancon,  of  course,  there  is  rock  at  a  moderate 
depth,  but  there  is  soft  material  in  the  line  of  the  other  dam  between 
Corozil  and  Ancon.  The  cross  sections  of  those  dams,  as  shown  bj 
the  minority  report,  of  course  show  those  depths,  but  the  situation  is 
a  little  different  from  what  it  is  at  Gatun,  on  account  of  the  fact  that 
underneath  all  of  this  soft  material  there  is  practically  a  bed  rock,  and 
the  dam  is  of  a  more  moderate  height.  It  is  to  contain  about  55  feet 
of  water.  The  difficulties  in  the  way  of  its  stabilit}^  are,  of  course, 
much  less  than  they  are  at  Gatun,  but  they  consist  of  this:  If  you  put 
any  weight  on  that  soft  mud  the  soft  mud  is  pressed  out  from  under 
the  weight  that  you  put  on  it,  and  before  you  get  a  stable  structure 
the  entire  area  of  soft  mud  will  have  to  be  pushed  out  from  under  the 
dam.  If  any  of  that  soft  mud  should  be  contained  in  it  in  a  pocket 
any  undue  pressure  on  one  side  of  the  dam  or  the  other  might  cause 
the  pressure  of  that  soft  mud  to  operate  along  the  lines  of  hydraulic 
pressure  and  might  impair  its  integrity  at  some  time. 


608  INVESTIGATION    OP   PANAMA   CANAL,   MATTEBS. 

In  other  words,  it  is  necessary,  at  the  La  Boca  dam,  that  all  of  that 
soft  mud  be  removed  by  some  process  or  other,  either  by  filling  in  the 
hard  stuff  in  the  center  each  way  and  pressing  it  out  each  way,  or  else 
by  its  removal  by  dredging  or  pumping,  before  the  dam  is  constructed. 

Senator  Kittredge.  How  do  the  conditions  that  you  have  described 
in  regai'd  to  the  location  of  the  dam  at  La  Boca,  as  proposed  by  the 
minority,  compare  with  the  conditions  in  the  railroad  construction 
across  Salt  Lake?. 

Mr.  Wallace.  They  are  practically  similar  to  what  we  would  find 
in  a  place  like  the  Lucene  cut-off,  where  the  Union  Pacific  Railroad 
built  its  line  across  the  Salt  Lake;  and  it  is  a  condition  that  you  fre- 
quently meet  with  where  3'ou  build  railroad  embankments  across 
marshes.  That  is,  you  never  get  stabilit}^  of  a  railroad  embankment 
across  a  foundation  of  that  charac^ter  until  the  soft  material  has  been 
eliminated  in  some  way  or  other. 

Where  you  have  a  hard  surface  below,  what  occurs  is  that  the  weight 
on  the  soft  surface  will  push  that  soft  stuff  up.  It  may  be  100  or  it 
may  be  500  or  it  may  be  1,000  feet  away,  and  it  will  come  up  at 
some  other  place.  But  if  you  will  notice  the  cross  section  that  is 
shown  of  that  dam  it  is  several  hundred  feet  across,  and  before  that 
dam  can  be  brought  to  a  state  of  stability  all  of  that  soft  mud  under- 
neath it  will  have  to  be  eliminated,  either  by  crushing  and  pushing  it 
away  or  else  b}'  dredging,  before  the  dam  is"  constructed. 

My  understanding  from  my  reading  of  the  minority  report  is  that 
they  intend  simply  for  the  embankment  to  be  built  in  that  material, 
and  that  material  to  be  compressed  by  it. 

Senator  Kittredge.  This  morning  a  suggestion  was  made,  or  a  ques- 
tion was  asked,  concerning  a  sea-level  canal  from  the  Atlantic  to  the 
vicinity  of  Obispo,  from  the  Pacific  to  the  vicinity  of  Miraflores,  and 
a  lock  structure  or  canal  between  the  points  Obispo  and  Miraflores. 
How  much  less  money  would  it  cost  to  construct  a  canal  along  those 
lines  than  a  sea-level  canal  'i 

Mr.  Wallace.  Of  course  that,  Mr.  Senator,  would  depend  upon 
the  details  of  the  plan;  but  I  presume  that  there  would  be  a  difference 
of  possibly  $50,000,000  between  those  two  plans — that  is,  in  round 
numbers. 

Senator  Kittredge.  That  is  an  estimate^  as  I  imderstand  you? 

Mr.  Wallace.  Yes;  that  is  simply  an  off-hand  estimate. 

Senator  Kittredge.  I  wish  you  would  tell  us  in  regard  to  the  differ- 
ence in  time  of  construction  between  the  two  plans  proposed  by  the 
Board  of  Consulting  Engineers  and  the  minority. 

Mr.  Wallace.  My  own  estimate  is  that  I  know  of  no  elements  in 
that  problem  that  could  possibly  make  that  length  of  time  longer  than 
about  three  years.  That  is  predicated  on  the  supposition,  if  you  will 
pardon  me,  that  the  excavating  of  the  central  divide  is  the  controlling 
element. 

Now>  personally  and  individually,  1  doubt  very  much  whether  or 
not  these  large  locks,  with  the  immense  amount  of  concrete  and  struc- 
ture that  has  got  to  be  put  in  by  labor  more  or  less  skilled,  and  put  in 
in  forms,  and  depending  upon  material  coming  there  just  in  right 
quantities  at  the  right  time,  I  doubt  very  much  whether  the  central 
excavation  could  not  be  taken  out  at  Culebra  for  a  sea-level  canal  as 
soon  as  these  immense  locks  could  be  constructed.     It  is  an  open  ques- 
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tion  in  my  mind.  I  think  the  minority  have  underestimated  the  time 
it  will  take  to  construct  those  locks. 

Senator  Kittredge.  Mr.  Stearns  or  Mr.  Noble,  or  both  of  them,  in 
their  testimony  given  to  us  last  week,  said  that  it  would  require  fifteen 
years  to  construct  the  sea-level  canal. 

Mr.  Wallace.  Of  course  there  is  one  thing  1  would  like  to  remark, 
if  I  can  do  it  without  egotism,  and  that  is  this:  I  do  not  know  of  any 
of  the  engineers  that  have  been  connected  with  this  work,  on  either 
the  regular  Isthmian  Canal  Commission  or  the  Advisory  Board,  that 
have  had  any  large  amount  of  experience  in  handling  steam  shovels 
and  railroad  trains  and  the  disposition  of  material.  I  think  I  can  hon- 
estly say  that  I  have  had  more  experience  than  all  of  those  men  put 
together  in  the  handling  of  excavated  material  by  train  and  by  steam 
shovel,  and  the  proposition  for  a  sea-level  canal  is  simply  "dig,  dig." 

Senator  Simmons.  Do  you  include  Mr.  Stevens  in  that  statement? 

Mr.  Wallace.  No,  sir;  I  do  not.  Mr,  Stevens  is  a  man  that  has 
had  a  great  deal  of  experience  in  railroad  work,  and  his  experience  I 
think  more  nearly  meets  my  own  than  any  of  the  other  engineers  con- 
nected with  that  work.  He  is  a  man  for  whom  I  have  the  highest 
respect;  but  I  do  not  know  what  his  experience  has  been  in  steam- 
shovel  work,  except  that  I  know  that  he  has  had  a  very  large  and  long 
railroad  experience.  But  I  have  had  a  peculiar  kind  of  work  that 
very  few  engineers  have  had,  and  that  has  oeen  in  the  shape  of  grade- 
reduction  work,  double  tracking,  and  the  work  of  excavating  large 
quantities  of  material  and  disposing  of  it  along  and  adjacent  to  oper- 
ated lines  of  railroad. 

This  proposition  at  Culebra,  as  far  as  a  sea-level  canal  is  concerned, 
is  practically  a  railroad  proposition.  It  is  just  the  same  as  if  you  were 
relocating  the  Panama  Railroad  and  reducing  its  grades,  making  a 
big,  heavy  cut  along  its  line,  using  that  line  as  one  of  the  instruments 
to  do  your  work  with;  and  whether  you  run  a  railroad  through  the 
bottom  of  that  excavation  after  you  get  it  done,  or  whether  you  let 
water  in  it  and  float  steamships  through  it  is  entirely  immaterial. 
But  the  sea-level  proposition,  as  far  as  that  central  cut  is  concerned, 
is  simply  a  railroad  proposition. 

Senator  Kittredge.  And  what  do  1  understand  you  to  say  about 
the  fifteen-year  period  suggested  by  Mr.  Stearns  and  Mr.  Noble? 

Mr.  Wallace.  1  said  I  thought  it  was  too  long. 

In  the  appendix  to  the  report  of  the  Advisory  Board,  I  furnished 
that  Board  a  series  of  diagrams  that  took  the  heaviest  half-mile  section 
there  was  there  and  showed  exactly  how  I  would  place  steam  shovels 
to  do  that  work,  how  I  would  arrange  the  tracks  to  serve  them,  and 
the  cars  to  serve  them,  the  different  dates  at  which  steam  shovels  could 
be  installed,  when  the  first  steam  shovel  could  be  installed,  and^when 
the  last  would  be,  and  a  scheme  covering  that  whole  work,  on  a  tent^i- 
tive  basis — that  is,  on  the 'basis  of  those  steam  shovels  handling  1,000 
j'ards  per  day  and  working  twenty  days  in  the  month.  I  also  made  a 
similar  diagram  on  exactly  the  same  principles  for  a  60-foot  level  canal; 
and  the  difference  between  the  two  ngured  out,  I  think,  less  than  two 
years  and  a  half. 

It  may  not  be  clear  to  the  members  of  the  committee,  but  it  is  a 
fact  that  the  length  of  time  that  it  will  take  to  do  that  work  is  not 
in  proportion  to  the  amount  of  yards  to  be  moved.  The  length  of 
ENO  I  c— 06 40 
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'your  cutting  affects  it  and  the  width  of  your  cutting.  It  is  not  as  if 
you  were  digging  a  ditch  with  a  spade.  That  work  has  to  be  begun 
by  putting  steam -shovels  in  along  terraces.  The  more  terraces  you 
get  and  the  wider  your  cut  is  the  more  steam  shovels  you  can  work  at 
the  same  time.  So,  from  the  date  of  commencement  for  about  three 
years  you  will  be  continually  adding  shovels,  and  then  you  will  be 
working  for  a  few  j'ears  the  same  number  of  shovels,  and  then  you 
will  work  gradually  less  and  less  until  you  get  down  to  the  bottom.  In 
other  words,  the  difference  between  the  rate  of  progress  is  affected 
by  the  amount  of  what  you  can  do  in  the  maximum  year  and  not  by 
your  average  per  year. 

I  do  not  know  whether  I  have  made  that  matter  clear  to  you  or  not. 

For  instance,  on  the  60-foot  plan,  say  that  the  first  shovel  started  in 
January,  1906;  the  last  shovel  would  complete  its  work-  in  August, 
1912.  That  is  on  that  supposition.  On  the  sea-level  plan,  which  you 
will  find  in  this  report,  my  recollection  is  that  the  time  was  a  little 
under  nine  vears. 

Senator  I^ittredge.  I  wish  you  would  call  attention  to  the  page 
when  you  find  it. 

Mr.  Walij^ce.  That  diagram  is  diagram  No.  3,  and  you  will  find  it 
between  pages  373  and  374.  On  the  sea-level  plan,  with  the  fii-st  shovel 
starting  on  the  1st  of  January,  1906,  the  last  shovel  completes  its 
work  in  December,  1914.     That  is  practically  nine  years. 

This  diagram  shows  exactly  the  dates  on  which  every  shovel  will 
start;  and  while  this  is  only  a  tentative  plan,  it  is  one  that  a  contractor 
would  expect  to  exceed  in  efficiency  rather  than  fall  below  it,  A  thou- 
sand yards  a  day  is  about  one-fourth  of  the  loading  capacity  of  those 
large  steam  shovels  that  are  now  on  the  Isthmus,  in  ten  hours,  provided 
they  are  properly  served  with  cars  and  the  material  is  properly  blasted 
ahead  of  them.  In  other  words,  to  get  that  result  you  will  only  have 
to  work  those  machines  to  26  per  cent  of  their  capacity,  and  do^  it  for 
twenty  days  in  the  month. 

Senator  Kfttredge.  Is  there  any  difficulty  in  doing  the  blasting 
work  necessary  to  serve  the  shovels  to  that  extent? 

Mr.  Wallace.  No.  Of  course  that  is  something  that  has  to  be 
looked  after.  ,The  limitation  on  all  steam-shovel  work,  as  a  rirle,  is 
the  arrangement  of  the  tracks  and  having  plenty  of  tracks  and  plenty 
of  cars,  and  seeing  that  your  shovels  are  continuously  fed.  I  got  out 
as  high  as  1,800  yards  in  one  particular  day  with  one  particular  shovel 
when  I  was  down  there.  Along  in  the  dry  season  it  ran  about  8^)0 
yards  a  day  per  shovel.  The  reason  that  we  fell  below  the  maximum 
was  because  we  did  not  have  any  facilities,  except  the  shovels,  that 
properly  went  with  them.  That  is,  we  did  not  have  proper  drills,  and 
we  did  not  have  proper  track.  We  had  those  old  French  cars  and 
those  old  French  engines,  and  our  tracks  were  poor;  we  did  not  have 
any  ballast  for  them,  we  were  short  of  ties  to  keep  them  up,  and  in 
fact,  we  were  short  of  everything.  But  in  spite  of  all  those  disadvan- 
tages there  were  several  months  there  in  which  we  got  from  750  to 
800  yards  per  day  out  of  those  shovels,  and  I  do  not  think  it  ever  fell 
below  400  yards  a  day. 

Senator  Morgan.  In  the  dry  season  or  the  wet  season  ? 

Mr.  Wallace.  That  was  in  the  dry  season. 

Senator  Morgan.  All  of  this? 
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Mr.  Wallace.  I  say,  in  the  worst  month  we  had,  in  June,  it  dropped 
down  to  about  between*  4<)0  and  500  yards  a  day  per  shovel,  luat 
was  when  we  had  25  or  30  derailments  every  day;  when  the  men  were 
so  discouraged  on  account  of  the  engines  getting  off  the  track  that 
thev  did  not  see  why  we  should  continue  the  work. 

With  proper  equipment  and  with  the  right  kind  of  equipment,  which 
vou  are  gettmg  down  there  now,  1  do  not  see  why  the  estimate  of  1,0000 
yards  a  Bay  per  shovel  is  not  a  very  low  estimate. 

The  Chairman.  Is  that  for  ten  hours  a  day  ? 

Mr.  Wallace.  For  ten  hours  a  day. 

Senator  Taliaferro.  You  were  working  eight  hours  a  day,  were 
you  not? 

Mr.  Wallace.  I  was  working' ten  hours  a  day  up  to  about  the  Ist 
of  May.  The  last  two  months  1  was  down  there  we  worked  eight 
houi-s  a  day,  and  then  our  capacity  dropped  off  ver}'^  much. 

The  Chairmax.  If  you  were  to  work  two  shifts  a  daj^,  of  course  you 
would  gain  ? 

Mr.  Wallace.  You  would  get  move  than  that,  of  course? 

Senator  Taliaferro.  Probably  a  third  more? 

Mr.  Wallace.  Well,  yes;  1  should  say  about  a  third  more.  That 
is,  I  have  never  yet  seen  work  where  you  could  do  exactly  double  the 
work  with  two  shifts  that  you  can  with  one;  but  you  can  get  from 
50  to  75  per  cent  more.  When  I  say  a  third  more,  I  mean  that  it 
would  be  50  per  cent  more.     You  should  do  that  at  the  very  least. 

Senator  Simmons.  Do  I  understand  you  to  express  the  opinion  that 
a  sea-level  canal  could  be  constructed  within  nine  years? 

Mr.  Wallace.  On  this  tentative  plan,  nine  years  is  the  time  it 
would  take  from  the  time  the  first  systematic  installation  of  your 
shovels  would  commence.  That  is  based  on  taking  the  heaviest  half- 
mile,  not  the  heaviest  average  8  miles;  because  there  is  one  half- 
mile  which  has  more  material  in  it  than  there  is  in  any  other  half-mile, 
so  1  have  taken  the  worst  half-mile  there  was. 

Senator  Simmons.  Do  you  mean  it  would  take  nine  3'ears  to  dig  it, 
or  that  in  nine  years  the  dam  at  Gamboa  could  be  finished  and  the 
canal  be  ready  for  the  use  of  ships  ? 

Mr.  Wallace.  What  I  mean  to  say  is  this:  That  on  the  sea-level 
plan  there  is  not  an}'^  doubt  but  what  the  thing  which  will  limit  the 
completion  will  be  that  central  cut  at  Culebra.  You  can  build  your 
dams  and  you  can  do  all  3"our  dredging,  your  harbor  work,  easily  within 
four  or  five  years. 

Senator  Simmons.  Everything  else  will  be  ready  when  that  is  finished  ? 

Mr.  Wallace.  Yes. 

Senator  Simmons.  And  your  estimate  is  nine  years? 

Mr.  Wallace.  I  estimated  nine  years.  After  that  I  made  an  allow- 
ance on  top  of  that,  and  said  that  I  thought  ten  years  would  be  time 
enough,  and  at  all  events  twelve  would  be  an  ample  estimate  for  it. 

Senator  Simmons.  And  it  would  take  about  three  years  less  time  to 
coniplete  the  lock  canal  ? 

Mr.  Wallace.  Yes;  that  is,  theoretically,  I  should  say  there  was 
three  years  difference  between  the  two  plans;  but  I  doubt  very  much 
whether  that  three  years  would  not  be  eaten  up  by  all  sorts  of  hap- 
penings that  would  arise  when  you  would  go  to  build  these  immense 
locks. 


612  INVESTIGATION   OF   PANAMA   CANAL   MATTERS. 

Senator  Simmons.  I  do  not  know  that  I  understood  you  about  those 
locks  a  little  while  ago.  1  understood  you  to  say  (and  1  want  to  ask 
if  I  un«lerstood  you  correctly)  that  vou  thought  it  quite  probable  that 
it  would  take  as  long  to  construct  those  locks  as  it  would  to  build  the 
canal  by  the  sea-level  plan.     Do  1  quote  you  correctly  about  that? 

Mr.  WALL.ACE.  Yes. 

Senator  Simmons.  By  the  sea-level  plan? 

Mr.  Wallace.  Yes.* 

Senator  Simmons.  Then,  as  the  locks  would  absolutely'  have  to  be 
built,  the  conclusion  would  be  that  it  would  take  as  long  to  construct 
the  lock  canal  as  it  would  to  construct  the  sea-level  canal,  would  it  not? 

Mr.  Wallace.  That  is,  I  would  very  much  doubt  but  what  it  would 
take  about  as  long  to  build  the  one  as  it  would  the  other. 

Senator  Simmons.  Then  what  did  you  mean  when  you  said  that  the 
lock  canal  could  be  built  probably  in  three  years  less  time? 

Mr.  Wallace.  What  i  said  was  this:  I  said  that  that  was  based  on 
the  time  that  it  would  take  to  remove  the  excavated  material  from  the 
Culebra  Cut,  applying  the  same  process  to  excavating  for  the  lock 
canal  that  you  would  for  the  sea-level  canal.  I  said  that  leaving  out 
of  consideration  the  construction  of  locks  and  dams,  and  only  measur- 
ing your  progress  b}'  the  excavation  of  the  summit  cut,  there  wopld 
be  three  years'  difference  in  doing  that  work.  In  other  words,  you 
could  excavate  the  material  from  the  summit  about  three  years  quicker 
on  the  high-level  plan  than  you  could  on  the  sea-level  plan. 

Senator  Simmons.  Then  your  conclusion  is  that  we  could  not  get  the 
lock  canal  ready  for  use  any  quicker  than  we  could  the  sea-level  canal  ? 

Mr.  Wallace.  I  doubt  very  much  if  you  could.  That  is  the  impres- 
sion I  was  trying  to  convev. 

Senator  Morgan.  Mr.  Wallace,  you  said  all  sorts  of  happenings 
might  occur  in  the  construction  of  the  locks.     To  what  did  you  i-efer? 

Mr.  Wallace.  Well,  for  instance,  there  is  something  like  a  million 
cubic  yards  of  material,  I  understand,  to  be  used  in  those  locks.  If 
those  locks  are  constructed  of  concrete  (which  I  presume  is  what  they 
intend  to  build  them  out  of)  that  means  practically  a  million  yards  of 
broken  rock;  it  means  a  million  yards  of  sand;  it  means  a  million  bar- 
rels of  cement. 

Those  three  classes  of  material  must  be  manufactured  and  trans- 
ported to  the  site  of  that  work  in  properly  related  quantities.  Take 
cement,  for  instance.  That  climate  is  so  moist  that  even  if  cement  is 
housed  you  can  only  keep  it  for  a  limited  amount  of  time  on  the 
Isthmus,  and  it  will  require  a  great  deal  of  care  to  see  that  that  cement 
is  brought  there  just  fast  enough  for  that  work  and  not  too  fast.  It 
is  the  same  way  about  crushed  stone;  you  must  see  that  that  is  prop- 
erly supplied. 

Senator  Morgan.  Would  you  have  to  bring  that  across  the  ocean? 

Mr.  Wallace.  The  cement  you  would  bring  across  the  ocean; 
the  crushed  stone  and  sand  you  get  on  the  Isthmus. 

Another  point:  That  million  cubic  yards  of  material  is  practically 
equivalent  to  a  million  tons — that  is^  in  round  figures;  and  on  the 
basis  of  600  tons  to  a  train  load,  it  means  2,000  trains.  That  gives  jrou 
some  general  idea  of  the  mass  of  material  that  will  be  required  just 
for  those  locks  alone.  That  means  2,000  trains  of  600  tons  per  train, 
net  load. 
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Senator  Morgan.  Mr.  Wallace,  the  cut  through  the  Culebra  and 
Emperador  heights— that  is  one  ridge,  is  it  not? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan  (continuing).  That  has  been  brought  down  from 
the  upper  crest  to  about  what  height  above  sea  level? 

Mr.  Wallace.  It  is  about  150  feet. 

Senator  Morgan.  That  would  be  an  average  through,  would  it — 
150  feet? 

Mr.  Wallace.  No;  I  do  not  think  the  avemge  for  the  whole  6  or  7 
miles  there  would  be  much  over  100  feet;  but  there  are  2  or  3  miles 
there  that  will  average  about  150  feet  above  sea  level. 

Senator  Morgan.  Yes;  that  has  been  cut  down  in  trenches  or  ter- 
races? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  The  height  of  each  terrace  is  about  30  feet? 

Mr.  Wallace.  No;  those  terraces  are  very  irregular.  They  will 
all  have  to  be  worked  over  again  in  order  to  suit  steam-shovel  work. 
Those  terraces  were  adapted  to  the  French  style  of  excavator.  The 
terraces  which  I  proposed  in  my  tentative  plan  were  terraces  of  about  30 
feet  horizontal  and  about  25  feet  perpendicular  until  you  got  down; 
and  then  after  that  you  would  make  the  slopes  to  suit  tne  final  section 
you  intended  to  leave. 

Senator  Morgan.  Is  there  any  terrace  on  either  side  of  the  excava- 
tion as  it  stands  now  that  passes  on  the  same  level  or  nearly  the  same 
level  clear  through  the  cut? 

Mr.  W^ALLACE.  Yes;  there  were  several  when  was  I  down  there  that 
did? 

Senator  Morgan.  About  how  high  are  they  above  where  the  work 
is  now  being  conducted? 

Mr.  Wallace.  We  were  working  on  those  terraces. 

Senator  Morgan.  So  that  these  terraces  upon  which  you  are  now 
operating  with  your  steam  shovels  go  clear  through  the  cut? 

Mr.  Wallace.  That  was  the  intention.     When  I  left  there  I  was 
starting  to  work  different  terraces  through,     1  commenced  one  on  the 
east  and  north  of  the  canal  that  was  about  on  the  rock  line,  and  I  was ' 
taking  that  clay  back  75  or  100  feet  from  the  edge — the  clay  that  over- 
laid it. 

Senator  Morgan.'  Leaving  out  of  consideration  the  repairs  which 
may  be  found  necessary  to  readjust  the  levels  properly  upon  the 
terraces  as  they  have  been  constructed,  and  taking  the  one  upon  which 
vou  are  operating  now  with  the  steam  shovels,  you  would  have  to  go 
below  that  if  vou  worked  a  steam  shovel  on  every  terrace;  you  woiud 
have  to  go  below  that  to  the  bottom  of  the  canal;  and  what  would  be 
the  distance  between  the  average  elevation  of  this  lowest  terrace  on 
each  side  and  the  bottom  of  the  canal  when  completed  40  feet  deep? 

Mr.  Wallace.  When  I  left  there  we  were  working  on  several  ter- 
races, and  where  the  lowest  steam  shovel  was  at  work  was  about  160 
feet  above  sea  level;  that  is,  the  final  depth  of  the  sea-level  canal 
would  be  about  200  feet  below  the  elevation  at  which  the  shovel  was 
working,  which  was  in  the  highest  part  of  the  excavation. 

Senator  Morgan.  Yes.  Now,  take  the  terrace  that  stands  at  an 
elevation  of  200  feet  above  the  bottom  of  the  canal,  the  one  you  are 
now  working  on,  or  were  working  on  when  you  left  there.     You  would 
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want  to  put  in  steam  shovels  upon  terraces  from  that  point  down  to 
cover  the  distance  of  200  feet  to  the  bottom  of  the  canal,  would 
you  not? 

Mr.  Wallace.  Yes. 

Senator  Morgan.  So  that  you  would  expect  the  work  to  progress 
with  some  degree  of  uniformity  of  breast? 

Mr.  Wallace.  Yes. 

Senator  Morgan.  And  do  all  of  the  work  as  you  went  along  upon 
each  terrace.  Now,  you  would  commence  at  the  bottom  of  the  canal; 
that  would  be  the  first  opening  you  would  cut.  Of  course  there  would 
be  no  terrace  there  until  you  got  up  26  feet,  if  you  took  that  for  the 
elevation  of  your  terrace.  You  would  have  to  excavate  40  feet  below 
sea  level,  ana  about  how  much  above,  before  you  got  through?  No, 
you  would  commence  with  your  work  about  40  feet  below  sea  level, 
and  then  you  would  have  a  terrace  above  that  every  25  feet  or  every 
40  feet,  whatever  the  height  might  be  that  you  would  adopt  for  the 
terrace;  and  all  of  these  shovels,  as  I  understand  it  now,  would  work 

Eractically  abreast,  each  shovel  doing  its  own  work  on  its  own  terrace. 
J  that  right? 

Mr.  W^ALLACE.  That  is  right,  only  it  is  a  little  different  from  the  way 
you  have  stated  it.  The  maximum  number  of  shovels  that  would  he  at 
work  at  any  one  time  abreast  would  be  eight  on  each  half  mile.  That 
is,,  there  would  be  one  time  when  thei'e  would  be  four  shovels  on  each 
side  of  the  cut  in  each  half-mile  of  distance,  because  it  takes  about  half  a 
mile  between  two  shovels  in  order  to  put  in  the  necessarj'  track  arrange- 
ments so  that  you  can  get  around  and  work  all  3'our  shovels  independent 
of  each  other. 

Senator  Morgan.  1  am-  tr^ung  to  get  at  and  to  ascertain  whether 
this  plan  of  construction  is  the  one  which  you  have  adopted.  The 
digging  out  of  the  prism  of  that  canal  would  be  a  cut  in  sond  rock? 

Mr.  W  ALij^CE.  Yes,  sir. 

Senator  Morgan.  At  least  40  feet  in  depth  and  200  feet  wide? 

Mr.  Wallace.  Yes;  that  is  what  you  would  get  down  to  finally. 

Senator  Morgan.  I  say,  finally;  I  am  starting  at  the  beginning  of 
'the  work. 

Mr.  Wallace.  I  know;  but  we  would  not  start  there.  We  would 
start  at  the  top. 

Senator  Morgan.  You  would  not  start  at  the  bottom? 

Mr.  Wali-ace.  No,  sir. 

Senator  Morgan.  Why  not? 

Mr.  W^allace.  If  I  had  a  blackboard  here  I  could  show  you.  For 
instance,  say  this  is  the  sea  here,  and  this  is  your  hill,  like  that 
[indicating]. 

Senator  Morgan.  Yes. 

Mr.  Wallace.  Now  suppose  the  excavating  to  start  in  here— one 
shovel  would  go  through  there  [indicating]  and  then  another  one 
would  come  in  nere  afterwards  [indicating],  and  then  after  it  got  in 
a  certain  distance  another  one  would  follow,  and  you  would  work 
from  both  ends  toward  the  center,  and  you  would  work  down;  you 
would  commence  up  here  and  you  would  gradually  dig  these  various 
terraces  out  until  you  would  finally  reach  the  bottom. 

Senator  Morgan.  Could  you  construct  the  canal  by  beginning  at 
the  bottom  and  working  upi 
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Mr.  Wallace.  No;  'because  you  would  have  such  a  steep  face  in 
here  that  you  could  not  get  shovels  enough  to  work  in  it. 

Senator  Morgan.  You  could  get  how  many  abreast  in  the  bottom 
of  the  canal,  200  feet  wide? 

Mr.  Wallace.  You  could  probabh'  only  get  four  in  there. 

Senator  Morgan.  Four'i 

Mr.  Wallace.  Yes. 

Senator  Morgan.  And  each  one  would  have  a  separate  track  ? 

Mr.  Wallace.  Ekch  one  would  have  its  separate  tracks;  but  when 
vou  are  up  here,  halfway  up  in  the  cut,  you  can  work  eight  abreast. 
5fow,  this  diagram  (if  you  will  follow  the  description  of  these  num- 
bers) shows  exactly  when  each  shovel  starts  out,  how  much  of  a  slice 
it  takes,  and  how  many  slices  are  taken  out  simultaneously.  It  is  hard 
to  explain  it  by  words;  but,  for  instance,  at  first  there  would  only  be 
two  shovels  abreast,  and  they  would  dig  a  section  of  about  12^  feet; 
and  thev  would  put  that  material  on  a  track  that  would  be  on  the  edges 
here.  1?hen  after  that  slice  was  taken  out  the  tracks  would  be  laia  in 
behind  those  shovels,  and  these  shovels.  No.  2,  would  start  in,  and 
take  out  a  bench  that  would  be  26  feet  or  30  feet  wide,  and  put  that 
material  on  cars  that  would  be  where  the  first  were. 

Then,  after  the  2's  were  taken  out  the  3's  would  start  in  and  put  the 
stuff  over  on  tracks  that  would  follow  the  second  shovels,  and  so  on 
with  the  4's,  and  later  on  the  5's.  When  you  got  down  to  what  we  call 
the  No.  10  shovels  there  would  be  8  of  those.  Now,  that  is  not  on  the 
immediate  bench  below,  because  it  is  necessary  to  follow  the  sequence 
through  to  see  how  they  would  come.  That  tenth  shovel  would  be  on 
a  bench  at  least  75  feet  wide,  and  there  would  be  tracks  out  here  where 
the  second  shovel  had  been,  and  there  would  be  tracks  where  that  ninth 
shovel  was;  and  the  10  shovels  will  take  out  these  slices  that  are  shown 
on  this  cross  section. 

It  is  rather  intricate  to  follow. 

Senator  Morgan.  What  is  that  heavy  cut  in  the  center  of  your 
diagram  therein 

Mr.  Wallace.  This  one?     [Indicating.] 

Senator  Morgan.  Yes. 

Mr.  Wallace.  That  is  where  the  shovels  are  worked  in  parallel  in 
order  to  keep  a  central  cut  which  will  be  60  feet  wide  and  average  12^ 
feet  below  tne  balance  of  your  excavation.  What  we  call  the  "  pilot 
shovels"  will  be  at  work  shoving  that  depreSv«?ion  always  forward, 
ahead  of  these  other  shovels. 

Senator  Morgan.  When  you  go  down  to  sea  level  with  your  shovel 
work  and  want  to  go  lower  down,  40  feet  lower,  could  you  continue 
your  shovel  work? 

Mr.  Wallace.  Just  exactly  in  this  same  way;  yes,  sir.  The  only 
thing  we  would  do  differently,  then,  would  be  to  leave  barriers.  You 
have  heai*d  before,  in  the  testimony,  reference  made  to  what  they  call 
'^ elevation  plus  10." 

Senator  Morgan.  Yes;  I  know  about  thaf. 

Mr.  Wallace.  What  they  mean  by  that  is  that  you  can  go  down  to 
an  elevation  of  10  feet  above  the  sea  level  and  have  room  enough  for 
the  water  to  flow  out  of  your  cut  by  gravity. 

Senator  Morgan.  I  know. 

Mr.  Wallace.  But  when  you  go  below  the  sea  level — 
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Senator  MoroaK.  It  flows  the  other  way  ?      * 

Mr.  Wallace.  It  goes  the  other  way,  and  the  water  stays  in  your 
cut.  The  only  extra  expense  that  that  will  be  to  you,  if  you  leave  the 
barriers  in,  will  be  the  tact  that  you  will  have  to  pump  water  out  of 
that  excavation,  and  the  extra  expense  will  be  due  to  pumping  that 
water  out.     It  is  just  the  same  as  if  you  were  working  in  a  cofferdam. 

Senator  Morgan.  Now,  working  from  the  top  to  flie  bottom,  after 
you  got  the  different  benches  worked  out  and  the  material  cut  away  to 
the  width  you  wanted  it,  you  would  dispense  with  these  shovels  as 
you  workea  down? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  And  finally  you  would  get  down  to  four? 

Mr.  Wallace.  Yes. 

Senator  Morgan.  And  those  four  shovels  will  have  to  do  all  of  the 
work  except  the  breasting? 

Mr.  Wallace.  Yes. 

Senator  Morgan.  From  mean  sea  level  down  to  40  feet  below  ? 

Mr.  Wallace.  Yes.  That  is,  there  are  practically  two  furrows  that 
are  cut  through  where  you  will  onh'^  have  four  of  tfiem  at  the  last- 
Senator  Morgan.  Yes.  You  do  not  expect  to  employ  more  than 
four  shovels  in  the  bottom  of  the  prism  of  the  canal  ? 

Mr.  Wallace.  No.  It  is  just  as  if  you  were  running  a  gang  plow 
through  there  that  had  four  plows  to  it,  and  then  you  followed  that 
with  four  other  plows  to  dig  it  a  little  deeper. 

Senator  Morgan.  If  you  worked  from  the  bottom  to  the  top  you 
could  have  all  the  shovels  that  you  emplo5^ed,  every  one  upon  each 
bench,  in  operation  at  the  same  time,  could  you  not? 

Mr.  Wallace.  No;  I  do  not  follow  you.  If  you  had  your  whole 
canal  opened  out —that  is,  a  narrow  ditch  from  one  end  of  your  canal 
to  the  other,  of  the  full  depth — and  could  lay  out  teriuces  all  the  way 
along,  you  could  work  a  shovel  on  each  terrace,  you  understand,  and 
you  could  do  it  all  simultaneously;  but  that  necessitates  getting  down 
Srst  to  the  sea  level  clear  through  your  cut,  and  by  the  time  3^ou  get 
down  there  you  have  your  work  almost  done. 

If  you  were  going  to  build  a  canal  that  was  500  feet  wide  or  a  thou- 
sand feet  wide,  like  Mr.  Bunau-Varilla's  "Straits  of  Panama,"  after 
you  got  down  to  sea-level  you  could  work  just  as  many  shovels  abreast 
as  you  had  terraces,  and  do  it  all  simultaneously,  and  you  could  widen 
that  cut  out  to  500  or  1,000  feet  with  an  enormous  number  of  steam 
shovels,  and  the  depth  would  not  make  any  difference,  because  for 
every  additional  25  feet  in  depth  you  would  have  a  steam  shovel. 

But  the  200>foot  width  is  so  narrow  that  in  order  to  get  that  face 
there  is  a  time  when  you  can  work  more  shovels  than  you  can  at  any 
otber  time,  and  that  is  about  from  one-third  to  one-half  way  down 
through  the  cut,  and  you  would  necessarily  have  to  commence  on  top. 
But  wnile  you  are  doing  this  work  on  top,  in  the  real  work,  there  is 
no  reason  why  you  should  not  attack  this  excavation  by  bringing  your 
dredged  sections  up  to  the  foot  of  the  cut  on  each  side  and  working 
your  dredges  right  up  against  this  steep  face  and  working  in  both 
directions  from  the  sea. 

Senator  Morgan.  When  you  say  *' dredges,"  do  you  mean  *' shov- 
els?" 
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Mr.  Wallace.  No;  I  mean  "dredges"  in  that  ease.  In  other 
words,  while  you  are  doing  this  dry  cutting  you  are  shoving  your 
dredges  in  from  the  sea — that  is,  from  La  Boca  toward  the  hill  and 
from  Colon  toward  the  hill — and  the  supposition  is  that  you  will  have 
your  canal  dug  up  to  this  point  before  you  get  this  dirt  all  out;  and 
vou  will  have  it  dug  up  to  this  point  before  you  get  this  dirt  all  out 
[indicating].  Now,  while  you  are  doing  this  work  in  the  dry,  as  we 
call  it,  there  is  no  reason  why  you  should  not  attack  this  part,  you 
understand,  and  push  the  sea-level  sections  just  as  far  in  toward  the 
summit  as  vou  can  get  them. 

Senator  Morgan.  Then  your  plan  is  to  dredge  from  the  sea  in  to, 
say,  Obispo  on  one  side? 

Mr.  Wallace.  That  is  a  question;  just  as  far  as  you  can  do  it 
economically. 

Senator  Morgan.  I  say,  dredge  in  from  the  Bay  of  Limon 

Mr.  Wallace.  If  you  found  rock  down  in  here  that  you  could  not 
dredge,  then  you  would  want  to  stop  your  dredging  here,  and  probably 
you  would  have  to  take  this  out  [indicating]  in  the  dry.  But  the  proba- 
bilities are  that  you  could  get  up  to  possibly  Obispo  with  your  sea- 
level  section. 

Senator  Morgan.  There  is  no  rock  that  would  be  encountered  there 
that  you  could  not  dredge — by  which  I  mean,  of  course,  that  you 
could  blast  it  and  haul  it  out,  float  it  out,  instead  of  hauling  it  out  on 
a  railroad? 

Mr.  Wallace.  Yes,  yes. 

Senator  Morgan.  That  is  what  I  mean  by  dredging.  That  is  a  part 
of  the  dredging? 

Mr.  Wallace.  Yes. 

Senator  Morgan.  Now,  if  I  understand  it,  you  would  start  in  the 
Bay  of  Limon  and  dredge  up  to,  say,  Obispo;  then  you  would  start  on 
the  other  side  in  the  Bay  of  Panama  and  dredge  up  to  Miraflores,  or 
wherever  it  is,  there.  Then,  if  I  understand  it,  you  would  continue 
to  take  out  all  of  the  stone  lying  below  the  sea  level  to  the  bottom  of 
the  prism  of  the  canal  by  this  dredging  process? 

Mr.  Wallace.  No;  only  up  to  those  points  [indicating].  All  of 
the  material  that  I  could  remove  by  what  we  call  dry  excavation 
between  Pedro  Miguel,  say,  and  Obispo,  I  would  prefer  to  remove  in 
that  way,  because  you  can  do  it  cheaper. 

Senator  Morgan.  Cheaper  than  you  can  by  hauling  it  out  on  boats? 

Mr.  Wallace.  Yes;  that  is,  I  mean,  you  can  blast  it  and  mine  it 
cheaper  in  the  dry  than  you  can  in  the  wet. 

Senator  Morgan.  But  you  have  to  mine  it  in  the  wet  when  you  get 
down  40  feet  below  sea  level,  have  you  not? 

Mr.  Wallace.  No. 

Senator  Morgan.  How  do  you  manage  to  avoid  that? 

Mr.  Wallace.  You  leave  barriers  of  the  natural  rock  at  each  end 
of  your  cut,  and  then  go  down  in  between  those  barriers  and  excavate 
it;  and  then,  after  you  get  your  canal  section  cut  out,  you  cut  away 
these  barriers  and  let  your  water  in,  so  that  it  will  be  a  natural  coffer- 
dam. 

Senator  Morgan.  With  an  18-foot  annual  rainfall,  and  water  sluic- 
ing dowQ  from  these  heights,  you  would  find  that  ditch  full  of  water, 
ijvould  you  not  ? 
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Mr.  Waixaoe,  Oh,  no,  sir;  because  you  can  divide  it  up  into  sec- 
tions and  pump  it  out,  and  you  can  push  that  work  in  the  dry  season 
for  four  or  five  months  of  the  year,  when  you  have  practically  no  rain- 
fall there  at  all. 

Senator  Mo KGAN,  Yes;  and  in  the  wet  season ? 

Mr.  Wallace.  In  the  wet  season  you  have  it;  but  in  my  own  experi- 
ence I  have  pumped  out  cofferdams  that  had  water  from  10  to  15  feet 
deep,  300  feet  wide,  and  a  quarter  of  a  mile  long,  in  twenty -four  hours. 
The  rainfall  at  Culebra  for  the  year  that  I  was  down  there  was  75 
inches — that  is,  for  the  entire  year;  and  of  course  when  you  get 
down 

Senator  Morgan.  How  much  was  it  in  the  wet  season  2 

Mr.  Wallace.  That  was  in  the  wet  season  and  the  dry — the  whole 
year. 

Senator  Morgan.  It  all  fell  in  the  wet  season,  did  it  not? 

Mr.  Wallace.  Practically.  We  had  four  months  when  it  was  com- 
paratively dry. 

Senator  Morgan.  Ye^. 

Mr.  Wallace.  Now,  what  any  prudent  man  would  do  would  be  to 
concentrate  his  work  and  try  to  do  as  much  of  it  as  he  could  in  the 
drv  season. 

Senator  Morgan.  That  is  the  point  exactly. 

Mr.  Wallace.  Undoubtedly  he  would.  But  the  reason  the  advi- 
sory board  added  to  that  and  made  the  unit  price  $1.50  per  cubic  yard 
was  to  give  an  amount  that  would  justify  pumping  tnat  water  out 
and  with  the  powerful  pumps  that  we  have  nowaaays  you  could  pump 
the  full  capacity  of  the  Chagres  River  at  low  water  out  of  that  cut  if 
you  had  to. 

Senator  Morgan.  Then  3'ou  would  take  out 

Mr.  Wallace.  Now,  the  only  reason.  Senator  Morgan,  that  I  sug- 
gest that  plan  is  because  that  would  be  a  little  cheaper  than  to  exca- 
vate that  rock  under  the  water. 

Senator  Morgan.  You  mean  by  what  is  called  the  dredging  process  i 

Mr.  Wallace.  Yes.  That  is,  you  can  blast  it  cheaper  in  the  dry 
than  you  can  under  water,  because  you  can  space  your  holes  better, 
you  can  do  your  drilling  better,  you  can  see  the  character  of  your  rock 
and  you  can  get  around  it  and  over  it,  and  I  presume  that  you  could 
possibl}"  save  about  a  dollar  a  yard  on  doing  this  work  in  the  dry 
rather  than  doing  it  in  the  wet. 

Senator  Morgan.  These  heavy  steam  shovels  require  a  strong  ti-ack 
under  them,  do  the}^  not,  and  a  well-ballasted  one? 

Mr.  Wallace.  Yes;  but  the  material  in  that  cut,  after  you  get 
below  an  elevation  of  about  190  or  200  feet,  after  you  get  below  the 
clay,  will  stand  any  weight  you  want  to  put  on  it.  The  only  trouble 
that  I  had  down  there  was  that  I  upset  one  of  these  big  steam  shovels, 
because  I  got  it  up  on  the  side  of  a  hill  in  this  sliding  clay,  and  a  very 
hard  rain  came  up  unexpectedly;  the  shovel  was  standing  over  a  place 
in  the  ground  where  there  was  a  subterranean  stream  of  water  that  ran 
on  top  of  the  hard  material  under  this  clay,  and  there  was  about  8  or 
10  feet  of  clav  on  top,  and  a  slide  came  down,  and  the  clay  ran  away 
from  under  the  stream  on  one  side  that  the  shovel  was  standing  on, 
and  the  shovel  tipped  over.  But  that  was  the  only  accident  of  that 
kind  that  I  had  wnile  I  was  down  there. 


INVESTIGATION   OF   PANAMA   CANAL   MATTERS.  619 

Senator  Morgan.  As  you  push  these  shovels  against  an  embankment 
you  cut  in  front  of  the  shovellf  The  cutting  is  done  in  front  of  the 
shovel? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  And  then  you  load  it  onto  a  ear? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  Back  of  the  shovel  ? 

Mr.  Wallace.  Kight  alongside.    The  idea  is  to 

Senator  Morgan.  Alongside;  so  you  have  to  have  a  track  for  the 
shovel  and  a  track  for  the  car? 

Mr.  Wallace.  You  have  to  have  a  track  for  the  shovel. 

Senator  Morgan.  And  one  for  the  car  alongside? 

Mr.  Wallace.  Yes.  Now,  the  track  should  be  along  on  this  bench 
here  [indicating].  The  shovels  would  be  on  the  bench  parallel  to  the 
track,  against  the  face,  and  they  would  work  a  piece  about  30  feet  wide 
and  about  20  feet  high,  and  then  the  material  would  be  blasted  ahead  of 
the  shovel,  and  the  shovel  would  work  the  stuff  up  just  like  you  would 
take  it  up  with  a  shovel  by  hand  and  put  it  over  on  the  cars  that  would 
be  parallel  to  it. 

Senator  Morgan.  Yes;  I  understand  that  now.  Therefore,  you 
have  to  improvise  a  track  as  your  shovel  advances  toward  the  embank- 
ment you  are  cutting  in  i 

Mr.  Wallace.  Yes,   sir. 

Senator  Morgan.  And  that  is  always  in  loose  earth,  is  it  not;  and 
cocnparatively  uncertain? 

Mr.  Wallace.  Oh,  no,  sir.  Below  200  feet  there  is  no  trouble  at 
all  with  that;  and  we  had  no  trouble  whatever,  all  the  time  I  was  down 
there,  in  maintaining  our  working  tracks  under  our  shovels.  The 
trouble  we  had  with  our  tracks  was  with  our  running  tracks  out  on 
our  spoil  dumps,  where  we  had  to  put  in  sharp  Curves  and  frogs  and 
switches,  and  where  the  equipment  was  rigid,  so  that  it  would  not  go 
around  the  curves,  and  the  track  would  settle  because  we  did  not  have 
any  material  to  ballast  it  with,  and  our  trains  would  go  off  the  track. 

Senator  Morgan.  When  you  got  down  to  digging  at  40  feet  below 
sea  level  in  these  compartments  we  speak  of,  and  olasting  out  the  stuff, 
you  could  not  use  shovels  there,  could  you? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  By  putting  them  down  on  a  level  with  the  bottom? 

Mr.  Wallace.  Oh,  ves;  they  would  go.ri^ht  down  on  a  level  with 
the  bottom.     That  is  all  hard  material  down  in  there. 

Senator  Morgan.  If  you  could  use  them  when  you  got  down  that 
deep,  why  could  you  not  use  them  before  you  got  down  that  deep,  by 
putting  your  shovel  against  this  breast  of  rock? 

Mr.  Wallace.  W^e  can;  only  it  is  not  safe  to  work  against  a  breast 
of  rock  that  is  more  than  about  so  high. 

Senator  Morgan.  It  is  not  safe? 

Mr.  Wallace.  It  is  not  safe.  You  are  liable  to  undermine  it,  and 
you  are  liable  to  have  slides,  and  it  will  come  down  and  bury  your 
shovels  up.  In  other  words,  if  you  were  working  your  shovels  in  that 
way,  you  would  be  working  in  what  we  call  a  through  cutting.  The 
objection  to  that  is  this:  That  you  can  not  get  your  cars  ahead  of  your 
shovel  in  order  to  load  your  stuff  into  them;  you  can  only  load  one  car 
at  a  time,  and  then  you  have  got  to  take  that  car  out  and  put  another 
one  in. 
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Now,  the  reason  I  wanted  to  get  all  these  terraces  clear  through  the 
cut  and  then  start  and  cut  one  out  and  put  it  on  a  track,  and  then 
another  one,  was  so  that  they  would  get  the  cars  like  this — say  this 
was  the  face  we  were  working  against;  the  empt}'^  cars  could  be  brought 
forward  on  that  terrace  and  switched  back  on  this,  and  could  be  ted 
right  in  continuously  to  the  shovel,  so  that  the  cars  would  only  have 
to  be  set  at  the  shovels  during  the  noon  hours  and  the  night  and  mom- 
ing  hours,  and  the  shovels  would  never  have  to  stop  loading  cars. 

Senator  Moboan.  The  point  1  am  trying  to  develop  is  just  this— 
that  as  you  go  deeper  into  this  cut,  until  you  get  to  the  bottom  of  the 
prism  of  the  canal,  you  have  to  give  up  shovels  on  each  side  of  the  cut 
and  reduce  the  number  of  working  shovels,  until  finally  you  get  down 
to  four  in  the  bottom  of  the  canal  'i 

Mr.  Wallace.  No;  not  necessarily,  Mr.  Senator.  For  about  three 
years  your  shovels  will  be  put  in  in  increasing  numbers,  because  you 
will  be  developing  new  terraces.  Then  there  will  be  several  years 
that  you  can  work  the  same  number,  and  then  you  will  work  a  decreas- 
ing number  of  shovels. 

Senator  Mobgan.  Yes. 

Mr.  Wallace.  The  essence  of  the  whole  matter  is  how  to  arrange 
that  work  so  that  you  can  work  the  greatest  number  of  excavating 
units  simultaneously  at  the  fullest  capacity  per  unit.  In  other  words, 
if  you  can  work  ten  shovels  in  each  half  mile  and  handle  a  thousand 
yards  per  shovel,  you  will  make  better  progress  than  if  you  used  forty 
shovels  and  were  only  getting  100  yards  a  day  out  of  a  shovel.  So  it 
is  necessary  to  arrange  your  snovel  plan  so  that  your  feed  can  lie  regu- 
larly and  properly  supplied  to  them,  so  that  the  operation  will  be 
continuous. 

Senator  Moboan.  Much  has  been  said  some  time  back,  and  even 
down  almost  to  the  present  moment,  about  night  work  on  the  canal. 
Could  you  conduct  night  work  on  this  shovel  system  if 

Mr.  Wallace.  I  did  not,  but  1  could  have  conducted  night  work, 
and  I  think  night  work  could  be  conducted  more  favorably  on  the 
Isthmus  than  it  could  be  in  the  States. 

Senator  Mobgan.  Why  ? 

Mr.  Wallace.  The  temperature  is  more  pleasant  to  work  in  there 
at  night,  and  you  can  work  the  3^ear  round  at  night;  and,  properly 
lighted,  there  is  no  reason  in  the  world  why  you  can  not  work  at  night. 
At  least,  I  know  of  none. 

Senator  Mobgan.  I  suppose  3'ou  really  mean  to  say  that  you  can  do 
night  work  better  than  you  can  do  day  work  in  that  locality  ? 

Mr.  Wallace.  In  that  locality;  but  on  the  other  hand,  as  I  said  a 
while  ago,  in  the  States  I  have  iiever  been  able  to  get  the  same  rate 
of  eflBcienc}^  out  of  night  work  that  I  have  out  of  day  work.  One 
reason  has  been  that  the  works  have  not  been  sufficiently  lighted,  and 
the  laborers  are  more  apt  to  shirk;  they  can  get  in  the  shadow  and  can 
not  be  watched  as  well  as  they  can  in  the  daytime. 

Senator  Mobgan.  So  far  as  I  am  concerned,  I  shall  have  to  drop  this 
interesting  view  of  the  subject.  It  is  very  interesting  to  me,  because 
it  is  very  instructive.  It  is  something  that  I  wanted  information 
about,  and  I  suppose  the  balance  of  the  committee  would  like  it;  but  I 
want  to  ask  you  some  other  questions  and  then  let  other  gentlemen  go 
into  this  matter. 
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You  were  first  appointed  chief  engineer  of  the  canal.  That  was 
your  first  appointment? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  What  was  the  date  of  it? 

Mr.  Wallace.  June  1,  1904. 

Senator  Morgan.  When  did  you  arrive  on  the  Isthmus? 

Mr.  Wallace.  I  arrived  on  the  Isthmus  in  the  latter  part  of  June. 
I  do  not  recollect  the  date. 

Senator  Morgan.  How  long  did  you  remain  there  before  you  came 
back  to  the  States? 

Mr.  Wallace.  1  came  back  in  the  latter  part  of  August  or  the  first 
of  September.     I  do  not  remember  the  exact  date. 

Senator  Morgan.  Were  you  appointed  a  Commissioner  before  you 
came  back? 

Mr.  Wallace.  No,  sir;  I  was  appointed  a  Commissioner  in  the  fol- 
lowing spring. 

Senator  Morgan.  The  following  spring? 

Mr.  Wallace.  In  April,  1905. 

Senator  Morgan.  Yes.  You  remained  chief  engineer,  then,  from 
June  until  April? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  And  then  you  were  made  a  Commissioner? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  Where  were  you  when  you  were  appointed  a  Com- 
missioner? 

Mr.  Wallace.  I  received  my  appointment  in  New  York;  that  is,  it 
was  handed  to  me  in  New  York,  by  Mr.  Cromwell,  after  my  arrival 
from  the  Isthmus. 

Senator  Morgan.  What  was  the  object  of  your  return  to  the  United 
States  at  that  time? 

Mr.  Wallace.  I  was  ordered  here  by  the  Secretar}'  of  War. 

Senator  Morgan.  For  any  particular  purpose? 

Mr.  Wallace.  In  order  to  assist  in  the  reorganization  of  the  Panama 
Railroad  or  for  a  general  conference. 

Senator  Morgan.  The  reorganization  ? 

Mr.  Walijice.  Yes.  You  Know  the  members  of  the  new  Commis- 
sion were  made  directors  of  the  Panama  Railroad.  I  was  never  told 
what  the  object  was  in  my  coming  to  the  States.  I  was  very  busy  at 
the  time. 

Senator  Morgan.  Did  you  have  any  connection  with  the  Panama 
Railroad  before  you  were  made  a  Commissioner? 

Mr.  WallaceI  None,  except  that  they  tried  to  appoint  me  general 
superintendent  of  it,  and  I  declined. 

Senator  Morgan.  You  declined? 

Mr.  Wallace.  Yes. 

Senator  Morgan.  And  did  not  accept  the  duties  of  the  office  at  all? 

Mr.  Wallace.  I  performed  the  duties  under  protest,  after  receiving 
instructions  from  Admiral  Walker  to  do  so.  As  I  set  forth  in  my 
previous  testimony,  the  notice  of  my  appointment  as  general  superin- 
tendent of  the  Panama  Railroad  came  first  from  Mr.  Cromwell. 

Senator  Morgan.  Your  notice  came  from  him  ? 

Mr.  Wallace.  My  notice  came  that  I  was  appointed.  Then  it  came 
from  Mr.  Drake,  the  vice-president  of  the  Panama  Railroad;  and  as 
Admiral  Walker,  the  chairman  of  the  Isthmian  Canal  Commission,  was 
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the  only  person  to  whom  I  was  «»upposed  to  report,  I  naturally  cabled 
him  and  asked  him  for  instructions.  That  correspondence  is  all  set 
forth  in  the  testimony  that  I  gave  when  I  was  before  j^our  committee 
the  last  time. 

Senator  Morgan.  The  position  of  superintendent  of  the  railroad  was 
tendered  to  you  without  your  application? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  And  you  declined  it  at  first? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  And  who  persuaded  you  to  take  it? 

Mr.  Wallace.  Admiral  Walker  practically  told  me  that  I  could 

Eerform  those  duties  temporarily.  In  declining  it,  in  writing  to  Mr. 
^rake,  I  said  that  as  somebody  had  to  perform  the  duties  I  was  willing 
to  perform  them,  but  I  would  do  it  under  protest  until  the  annual 
meeting  of  the  stockholders  and  the  board  of  directors,  when,  if  they 
desired  me  to  run  the  Panama  Railroad,  I  wanted  to  be  put  in  the 
office  of  general  manager  or  vice-president. 

The  reason  that  I  obiected  was  this:  No  man  can  serve  two  masters; 
and  if  I  should  have  taken  that  position  as  general  superintendent,  my 
line  of  report  would  have  been  through  Mr.  Drake,  of  the  New  York 
office,  who  was  not  a  United  States  officer  at  all,  and  I  would  have  been 
serving  two  masters.  I  would  have  had  to  go  to  a  man  as  my  source 
of  authority  that  had  never  been  on  the  Isthmus,  and  did  not  know 
anything  about  the  Panama  railroad  exceut  what  he  got  from  letters 
and  cablegrams;  and,  more  than  that,  I  diet  not  feel  that  there  should 
be  that  divided  responsibility.  I  mean,  that  I  should  not  serve  two 
masters. 

Senator  Morgan.  Is  there  any  such  office  as  general  superintendent 
provided  in  the  charter  of  the  Panama  Railroad  Company? 

Mr.  Wallace.  I  do  not  know. 

Senator  Morgan.  You  never  did  know? 

Mr.  Wallace.  No. 

Senator  Morgan.  And  do  not  know  yet? 

Mr.  Wallace.  No. 
.  Senator  Morgan.  How  long  ^id  you  perform  the  functions  or  duties 
of  general  manager  of  that  railroad  ? 

Mr.  Wallace.  Nominally  from  some  time  in  April — I  do  not  recol- 
lect the  exact  date  of  that  reorganization — until  about  the  28th  of 
June. 

Senator  Morgan.  You  saj^  "nominally."  Why  do  you  use  that 
word  ? 

Mr.  Wallace.  Simply  because  I  did  not  get  back  on  the  Isthmus 
again,  right  in  direct  connection  with  the  road,  until  in  the  latter  part 
of  May. 

Senator  Morgan.  Then  you  never  have  been  in  actual  charge  as 
general  manager  of  this  railway  ? 

Mr.  W^ALLACE.  I  was,  yes;  during  that  period. 

Senator  Morgan.  You  had  the  actual  charge  of  it  ? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  Did  you  give  your  attention  to  it? 

Mr.  Wallace.  I  gave  it  what  attention  1  considered  was  necessary 
while  I  held  that  position,  while  I  was  there. 

Senator  Morgan.  You  were  not  then  a  stockholder? 

Mr.  Wallace.  Yes,  sir;  I  was. 
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Senator  Morgan.  You  had  one  share  of  stock? 

Mr.  Wallace.  I  had  one  share  of  stock.  Each  one  of  us  bought  one 
share  of  stock  and  gave  our  check  for  it. 

Senator  Morgan.  Yes. 

Mr.  Wallace.  And  then  we  gave  the  Secretary  of  War,  I  think  it 
was,  an  option  on  that  stock  to  buy  it  back  again. 

Senator  Morgan.  Was  that  share  of  stock  sold  to  you  for  the  pur- 
pose of  qualifying  you  as  general  superintendent? 

Mr.  Wallace.  J^o;  as  a  director. 

Senator  Morgan.  As  a  director? 

Mr.  Wallace.  As  a  director;  yes. 

Senator  Morgan.  But  at  the  time  of  your  appointment  as  general 
superintendent,  or  as  general  manager,  rather,  1  will  call  it — ll)elieve 
that  is  what  you  call  it — you  had  no  share  of  stock? 

Mr.  Wallace.  Yes,  sir;  I  did.  First  we  met  in  the  New  York 
office,  and  under  the  directions  of  the  Secretary  of  War,  Mr.  Crom- 
well and,  I  think,  Colonel  Edwards,  voted  the  stock  and  elected  us 
directors.  Then,  after  we  were  elected  as  directors  by  the  stock- 
holders, 1  was  elected  vice-president  and  general  manager  by  the 
board  of  directors.     That  was  the  sequence. 

Senator  Morgan.  Oh,  yes — all  at  the  same  time,  in  New  York? 

Mr.  Wallace.  All  at  the  same  time,  in  New  York. 

Senator  Taliaferro.  From  whom  did  you  get  your  share  of  stock, 
Mr.  Wallace? 

Mr.  Wallace;  I  do  not  know  where  it  came  from.  1  gave  my 
check  to  the  Secretary  of  War. 

Senator  Taliaferro.  Personally  ? 

Mr.  Wallace.  Personally.  That  is,  it  was  made  out  to  William 
Taft. 

Senator  Taliaferro.  To  whom  did  you.deliver  your  check? 

Mr.  Wallace.  I  delivered  my  check  to  Mr.  Cromwell,  1  think. 

Senator  Taliaferro.  Who  delivered  the  stock  to  you? 

Mr.  Wallace.  The  stock  was  never  actually  delivered  to  me.  The 
stock  was  produced  at  that  meeting,  and  then  I  reassigned  that  stock — 
I  think  I  signed  it  in  blank;  I  do  not  remember  who  it  was  assigned 
to— and  gave  the  secretary  an  option  to  purchase  .that  stock  back  from 
me.  I  think  it  was  $10  that  he  paid  for  the  option.  So  that  in  the 
railroad  oflSces  at  New  York  was  retained  the  snare  of  stock  and  the 
option,  \'ou  understand. 

Senator  Morgan.  Did  he  pay  you  the  $10  ? 

Mr.  Wallace.  They  paid  me  the  $10;  yes,  sir. 

Senator  Morgan.  That  is  all  you  ever  got  out  of  it? 

Mr.  Walij^ce.  That  is  all  J "  ever  got  out  of  it.  My  check  came 
back,  though,  all  right,  indorsed;  that  is,  I  found  it. 

Senator  Morgan.  Who  was  the  most  prominent  and  most  active  per- 
son in  having  you,  then,  forced  into  office,  first  as  a  director  and 
afterwards  as  general  manager? 

Mr.  Wallace.  That  was  all  understood;  that  was  tatked  over  at 
Washington  before  we  went  over  to  New  York. 

Senator  Morgan.  Talked  over  by  whom  and  with  whom? 

Mr.  Wallace.  It  was  talked  over  by  the  secretary  and  the  chair- 
man and  Magoon  and  I — that  is,  as  to  how  we  should  reorganize  this 
railroad  company. 
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Senator  Morgan.  Was  that  before  you  came  up  from  the  Isthmus? 

Mr.  Wallace.  No;  that  was  after  I  came  up  here,  in  April,  and  I 
said  I  wanted  the  control  of  the  railroad  on  the  Isthmus.  It  was 
understood  between  us  that  Mr.  Shonts  would  be  put  in  as  president 
and  would  handle  the  railroad  and  steamship  line  in  this  country,  and 
that  I  would  be  made  vice-president  and  general  manager  and  would 
handle  the  railroad  on  the  Isthmus. 

Senator  Morgan.  You  never  were  made  vice-president? 

Mr.  Wallace.  Yes;  I  was  made  vice-president. 

Senator  Morgan.  Vice-president — is  that  the  same  office  you  call 
general  manager? 

Mr.  Wallace.  Vice-president  and  general  manager. 

Senator  Morgan.  Yes.  When  did  your  term  of  office  as  Commis- 
sioner begin  ? 

Mr.  Wallace.  That  was  about  the  1st  of  April — the  first  week  of 
April. 

Senator  Morgan.  These  transactions  of  making  you  vice-president 
and  general  manager  and  Commissioner  were  practically^  simultaneous  ? 

Mr.  W^ALLACE.  No;  that  was  a  week  or  two  afterwards. 

Senator  Morgan.  That  you  were  made  vice-president  or  general 
manager? 

Mr.  Wallace.  Yes.  My  commission  as  Commissioner  was  signed 
by  the  President,  and  Mr.  Cromwell  met  me,  when  I  came  up  from 
the  Isthmus,  in  New  York,  and  I  was  taken  to  his  office  and  sworn  in 
as  a  Commissioner  and  my  commission  given  to  me. 

Senator  Taliaferro.  By  Mr.  Cromwell? 

Mr.  Wallace.  By  Mr.  Cromwell.  Now,  then,  I  was  a  day  or  two 
in  New  York,  and  when  I  came  over  to  Washington  we  had  our  con- 
ference about  what  to  do  with  the  Panama  Railroad.  Then  a  little 
later  we  all  went  back  to  New  York  and  reorganized  this  Panama 
Railroad  by  the  new  directors  coming  in  and  the  old  directors  going 
out.  That  was  a  week  or  two  weeks  later,  and  I  do  not  recollect  how 
much  time  elapsed  between  those  two  transactions. 

Senator  Morgan.  Where  were  you  when  you  were  first  informed 
that  you  were  to  be  or  had  been  made  a  Commissioner? 

Mr.  Wallace.  I  got  the  first  information  that  I  had  from  Mr. 
Cromwell. 

Senator  Morgan.  Where? 

Mr.  Wallace.  In  New  York. 

Senator  Morgan.  You  did  not  know  that  you  would  be  made  a  Com- 
missioner until  you  got  to  New  York? 

Mr.  Wallace.  Yes;  yes.     The  Secretary  wired  me  on  the  IsthmuH? 

Senator  Morgan.  How;  by  telegram? 

Mr.  Wallace.  By  cable,  and  told  me  what  the  scheme  was,  and 
asked  me  what  I  thought  of  it. 

Senator  Morgan.  And  part  of  the  scheme  was  to  appoint  you 
Commissioner? 

Mr.  Wallace.  Yes — that  the  scheme  was  to  appoint  me  Commis- 
sioner and  put  me  on  the  executive  committee. 

Senator  Morgan.  And  also  to  make  you  general  manager  of  the 
railroad? 

Mr.  Wallace.  No;  nothing  was  said  about  the  railroad  at  all.  That 
all  came  afterwards. 

Senator  Morgan.  At  that  time  that  was  all  there  was  of  it? 
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Mr.  Wallace.  Yes. 

Senator  Morgan.  Had  you  ever  made  any  application  to  be 
appointed  a  Commissioner^ 

Mr.  Wallace.  No,  not  in  that  wa}^  except  in  this  way:  W^hen  I 
had  my  first  talk  with  Admiral  Walker,  at  the  start,  I  said  to  him: 
''  Now,"^  Admii-al,  1  don't  know  how  this  thing  is  going  to  work  out. 
You  may  not  be  able  to  carry  out  this  arrangement;  1  may  be  dissat- 
isfied down  there,  or  you  may  be  dissatisfied  with  me,  or  my  health 
may  not  stand  it,  or  a  great  many  things  may  occur.  Now,"  I  said, 
"  the  majority  of  these  Commissioners  are  men  of  considerable  age, 
and  there  will  undoubtedly  be  a  vacancy  in  this  Commission  inside  of 
the  next  year  or  two  or  three  years. 

"Now,"  1  said,  '^I  don't  want  you  to  pledge  that  you  will  recom- 
mend to  the  President  to  make  me  one  of  these  Commissioners;  but," 
I  said,  '*if  you  could  do  so  it  would  give  me  a  chance  after  I  got  that 
work  organized  and  started  to  come  back  to  the  States  here  and  serve 
on  the  Commission;  and  I  think  the  experience  that  I  would  get  down 
there  would  make  me  a  valuable  member  of  it.  But,"  I  said,  "  I 
simply  want  to  tell  you  what  is  in  my  mind.  I  do  not  want  to  ask 
you  to  commit  ^^ourself ;"  and  the  Admiral,  as  I  understood  him,  said 
that  he  thought  it  would  be  a  very  good  plan.  That  is  the  only  conver- 
sation that  I  rec^ollect  I  ever  had  about  going  on  the  Commission. 
That  is,  I  mean,  I  never  applied  for  it. 

Senator  Morgan.  And  you  never  asked  anybody  to  recommend  you? 

Mr.  Wallace.  I  do  not  think  I  ever  did;  at  least  I  have  not  any 
recollection  of  it. 

Senator  Taliaferro.  Did  anyone  ever  tell  you  that  they  meant  to 
recommend  you  ? 

Mr.  Wallace.  I  do  not  remember  of  any  person  telling  me  that 
they  intended  to  recommend  me.     Of  course  there  is  this  thing:   1 

1>resumed  after  1  got  down  there  that  that  would  be  a  logical  step  a 
ittle  later  on. 

Senator  Morgan.  I  suppose,  from  the  statements  you  have  made,  that 
you  had  in  mind  an  expectation  that  after  you  had  gotten  the  engineer- 
ing work  thoroughly  under  way  you  would  prefer  not  to  live  in  the 
Isthmus  on  account  of  your  family;  and  vou  were  looking  forward 
then  to  falling  back  upon  the  position  of  a  Commissioner,  not  required 
to  live  in  the  Isthmus,  rather  than  to  retain  the  position  of  chief 
engineer,  who  was  required  to  live  there?     Was  that  the  idea? 

Mr.  Wallace.  Yes;  that  was  in  my  mind. 

Senator  Morgan.  Was  it  strongly  in  your  mind? 

Mr.  Wallace.  Yes,  sir;  it  was  so  strongly  in  my  mind  that  that  was 
why  I  had  this  preliminary  conv^ersation  with  Admiral  W^alker. 

Now,  what  may  have  occurred  is  this:  Different  men  may  have  at 
times  said  to  me  something  like  this:  "'Why,  Wallace,  you  ought  to 
be  a  Commissioner,"  or  something  of  that  kind,  and  I  might  have  sim- 
plv'  smiled  and  passed  it  off  with  some  remarks.  But  f  never  made 
any  effort  to  get  on  the  Commission. 

Senator  Morgan.  After  you  were  notified  that  you  were  going  to 
be  a  Commissioner,  you  came  to  New  York  ? 

Mr.  W^ALLACE.  Yes,  sir. 

Senator  Morgan.  Soon  after? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  Within  a  few  days — ten  or  fifteen  days? 
ENO  I  c — 06 41 
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Mr.  Wallace.  Yes. 

Senator  Morgan.  And  then  you  met  Mr.  Cromwell,  or  Mr.  Crom- 
well met  you  ? 

Mr.  Wallace.  Yes,  sir;  he  had  his  secretary  meet  me  at  the  boat 
with  a  carriage,  and  he  took  me  to  his  office  where  Mr.  Cromwell  was 
waiting  for  me. 

Senator  Morgan.  Who  was  his  secretary? 

Mr.  Wallace.  I  do  not  remember  his  name. 

Senator  Morgan.  When  he  met  you,  did  he  advise  you  at  once  to 
qualify  as  commissioner? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  Was  that  after  he  had  delivered  to  you  your 
commission  ? 

Mr.  Wallace.  That  was  simultaneous. 

Senator  Morgan.  He  brought  the  commission  to  you,  signed  by 
the  President? 

Mr.  Wallace.  Yes;  and  they  swore  me  in  as  Commissioner.  1 
took  the  oath  there. 

Senator  Morgan.  And  it  was  administered  in  his  office? 

Mr.  Wallace.  In  his  office;  yes,  sir. 

Senator  Morgan.  What  reason  did  he  assign  to  you  for  desiring 
that  the  oath  should  be  administered  at  once? 

Mr.  Wallace.  He  simplv  said  that  the  Secretary  desired  that  I  be 
sworn  in  as  soon  as  1  landed.  He  said  he  did  not  know  what  business 
migfht  come  up  in  which  it  might  be  necessary  for  me  to  take  action, 
and  that  they  thought  it  would  be  better  that  I  be  sworn  it  at  once. 

Senator  Morgan.  In  your  former  examination  you  stated  this,  as  I 
remember,  that  he  said  to  you  that  he  wanted  you  to  be  sworn  in 
before  you  saw  Shonts. 

Mr.  Wallace.  No,  no;  you  misunderstood  me.  He  said  that  Mr. 
Shonts  was  in  the  city,  and  Mr.  Shonts  and  I  might  want  to  get 
together  and  transact  business,  and  that  the  Secretary  wanted  me 
sworn  in  as  soon  as  I  landed. 

Senator  Morgan.  Did  he  make  a  point  on  that — that  as  soon  as  you 
landed  you  should  be  sworn  in? 

Mr.  Wallace.  Well,  it  was  immediately,  and  he  had  the  carriage 
there  waiting  to  take  me  to  his  office,  although  it  was  at  night,  and  he 
seemed  to  attach  a  great  deal  of  importance  to  having  it  done  right 
away.  I  never  Questioned  it  at  all.  1  understood  that  he  maintained 
close  confidential  relations  to  the  Secretary,  and  I  presumed  that  he 
was  carrying  out  the  Secretary's  will  and  instructions. 

Senator  Morgan.  Up  to  that  time  Mr.  Cromwell  had  close,  confi- 
dential relations  with  you,  too,  did  he  not? 

Mr.  Wallace.  Well,  we  were  always  friendly. 

Senator  Morgan.  Yes;  up  to  that  time? 

Mr.  Wallace.  Yes,  sir;  we  have  always  been  friendly  since.  We 
have  had  no 

Senator  Morgan.  You  have  not  fought  each  other? 

Mr.  Wallace.  We  have  not  fought  each  other;  no. 

Senator  Taliaferro.  You  knew  Mr.  Cromwell  for  some  time  before 
you  took  this  position  on  the  Isthmus? 

Mr.  Wallace,^  I  never  met  him  until  I  met  him  when  he  appeared 
before  the  Commission  to  lay  that  bill  of -extras  before  it,  in  June,  1904. 
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Senator  Morgan.  After  you  were  appointed  a  Commissioner,  you 
then  came  to  Washington  and  participatea  in  the  reorganization  of  the 
Canal  Commission  ? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  Which  of  the  old  members  had  gone  out? 

Mr.  Wallace.  All  except  Major  Harrod.  All  of  the  old  Commis- 
sioners were  eliminated  except  Major  Harrod,  of  New  Orleans.  He 
was  retained  on  the  new  Commission,  and  he  is  there  yet. 

Senator  Morgan.  Was  he  reappointed,  or  just  retained? 

Mr.  Wallace.  I  do  not  know.     I  suppose  he  was  reappointed. 

Senator  Morgan.  Had  the  former  Commission  resigned? 

Mr.  Wallace.  I  do  not  know  about  that,  although  they  were  not 
there  in  office  when  1  came  back. 

Senator  Morgan.  Was  it  the  understanding  that  they  had  resigned? 

Mr.  Wallace.  I  did  not  have  any  understanding  about  it,  Senator. 
They  were  simply  eliminated;  I  do  not  know  how  or  why. 

Senator  Morgan.  Was  an}^  cause  ever  assigned  during  these  inter- 
views, in  your  hearing,  for  the  unanimous  resignation  of  the  former 
Commission  ? 

Mr.  Wallace.  No;  I  never  heard  any  particular  cause. 

Senator  Morgan.  Do  you  know  any  reason  for  it  now  ? 

Mr.  Wallace.  No,  sir. 

Senator  Morgan.  Had  there  been  any  delinquency,  within  your 
knowledge — for  you  had  worked  there  several  months  with  them  and 
under  them  as  chief  engineer — had  there  been  any  delinquency  on  the 
part  of  either  of  them  so  far  as  you  knew  ? 

Mr.  Wallace.  The  only  criticism  that  I  ever  made,  directly  or 
indirectly,  on  that  Commission,  was  the  general  criticism  that  you 
could  not  expect  to  get  efficient  executive  action  out  of  any  body  of 
seven  men. 

vSenator  Morgan.  It  was  too  large? 

Mr.  W^ALLACE.  It  was  too  large. 

Senator  Morgan.  There  were  too  many  of  them? 

Mr.  Wallace.  There  were  too  many  of  them. 

Senator  Morgan.  Was  it  a  case  of  too  much  talent  or  too  much 
energy,  or  what  was  it? 

Mr.  Wallace.  There  were  too  many  differences  of  opinion,  and 
the  body  was  too  cumbersome  for  an  executive  organization. 

Senator  Morgan.  But  you  went  into  a  commission  that  contained 
the  same  number? 

Mr.  Wallace.  Yes. 

Senator  Morgan.  W  as  that  too  cumbersome  ?  What  is  your  opinion 
about  it? 

Mr.  W^ALLACE.  The  impression  created  in  my  mind  from  the  things 
that  I  heard  was  that  in  that  new  Commission  the  four  members  of  it 
who  were  engineers  were  only  to  exercise  what  you  might  call  advisory 
functions.  In  other  words,  there  was  an  Executive  order  issued  in 
connection  with  the  organization  of  the  new  Commission,  which  is  a 
matter  of  record,  which  practically  placed  the  power  in  the  hands  of 
an  executive  committee  of  three.  That  committee  was  composed  of 
Mr.  Shonts  and  Judge  Magoon  and  myself. 

Senator  Morgan.  Who  was  the  fourth  man  that  you  have  just  men- 
tioned? 
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Mr.  Wallace.  The  other  four  were  the  four  engineers — that  is, 
Major  Harrod,  General  Ernst,  General  Hains,  and  Admiral  Endicott. 
This  order  provided  that  the  executive  committee  should  meet  twice  a 
week  on  the  Isthmus;  and  it  was  m}'  understanding  of  that  Executive 
order  that  each  member  of  this  executive  committee  had  charge  of  a 
department  in  which  he  was  to  be  practicall}-  supreme,  and  that  the 
chairman  had  no  power  over  any  of  us  except  so  far  as  he  had  a  vote 
to  cast.  Now,  I  hate  to  repeat  conversations,  because  whenever  I  do 
that  it  brings  up  a  question  of  veracity. 

Senator  Morgan.  Oh,  well,  those  questions  are  up  every  day  here. 
Mr.  Cromwell  has  made  them  on  you,  and  1  want  to  see  if  you  can  get 
out  of  them. 

Mr.  Wallace.  When  the  Secretary  cabled  me  the  constitution  of 
this  Commission,  the  impression  that  his  cablegram  made  on  my  mind 
was  that  Mr.  Shonts's  duty  was  to  be  confined  to  that  of  purchasing 
agent  in  the  United  States,  and  such  routine  work  as  was  necessary  to 
be  performed  here. 

Senator  Morgan.  Whose  cablegram  was  that  J 

Mr.  W^ALLACE.  That  was  the  Secretar}^  of  War's. 

Senator  Morgan.  Yes. 

Mr.  Wallace.  W^hen  I  came  up  I  found  that  the  Executive  order 
provided  for  a  certain  distribution  of  authority  and  specified  that  Mr. 
Shouts  should  spend  half  his  time  on  the  Isthmus  and  half  in  this 
country.  Just  before  1  went  back  I  was  notified  by  Mr.  Shonts  that 
the  President,  in  order  to  induce  him  to  take  this  chairmanship  of  the 
Commission,  had  practically  promised  him  absolute  dominating 
authority  over  us  all.  Now,  those  were  not  his  exact  words;  but  he 
first  mentioned  it  to  me  in  an  easy,  smiling  w^ay,  and  I  did  not  reallv 
know  what  weight  to  put  on  it;  and  it  was  not  until  after  I  went  back 
to  the  Isthmus  that  he  commenced  to  give  me  instructions  which 
would  indicate  that  he  intended  to  ''run  the  job."     Now,  Senator 

Senator  Morgan.  That  is  all  in  regaixl  to  the  new  Commission.  1 
want  to  get  back  to  the  old  one. 

Senator  Kittredge.  You  were  about  to  add  something,  Mr.  Wallace. 

Mr.  Wallace.  What  I  was  going  to  add  was  this:  That  these  per- 
sonal matters  are  very  unpleasant  for  me,  and  I  am  through  with  ^he 
whole  thing  now.  I  am  simply  a  private  citizen,  like  everj'one  else, 
and  I  hope  you  will  not  press  me  on  anything  of  a  personal  nature 
any  further  than  you  consistentlv  can.  I  am  perfectly  willing  to  come 
here  and  answer  any  questions  that  you  wish  and  to  help  you  in  any 
way  toward  getting  knowledge  on  this  suliject,  but  I  do  hope  that 
you  will  not  press  me  on  these  personal  matters. 

Senator  Taliaferro.  You  have  spoken,  Mr.  Wallace,  of  a  conver 
sation  between  Mr.  Shonts  and  yourself. 

Mr.  Wallace.  Y"es. 

Senator  Taliaferro.  In  which  he  intimated  to  you  that  he  had 
been  given  a  free  hand  in  the  management  of  the  work.  Did  you 
understand  from  him  that  that  part  of  the  executive  order  which 
required  that  he  should  spend  half  of  his  time  on  the  Isthmus  had 
been  abated  or  revoked^ 

Mr.  Wallace.  No,  I  did  not  understand  that.  I  understood  that 
he  practically  would  be  allowed  to  run  things  to  suit  himself. 

Senator  Taliaferro.  Including  that^ 
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Mr.  Wallace.  That  particular  thing  did  not  occur  in  connection 
with  it. 

Senator  Taliaferro.  He  never  spent  his  time  there? 

Mr.  Wallace.  No,  sir. 

Senator  Morgan.  1  do  not  wish  Mr.  Wallace  to  bring  up  any  matter 
at  all  that  would  have  a  tendency  to  involve  him  in  any  personal  con- 
troversy withany  person  at  all.  But  what  transpired  there  was  between 
public  officials;  and  all  of  their  dealings  with  each  other  of  a  material 
sort  I  think  are  necessary  to  be  known  by  the  committee,  in  order  that 
we  may  know  what  recommendations  to  make  to  the  Senate  as  to  the 
future' conduct  of  this  canal. 

Mr.  Wallace.  I  will  answer  your  questions,  of  course,  freely,  Mr. 
Senator.     The  only  thing  is  that  I  put  myself  on  your  mercy. 

Senator  Morgan.  Can  you  state  any  reason  known  to  you,  or  any 
reason  urged  by  superior  authority  or  by  any  of  the  Commissioners, 
why  the  old  Commission  was  removed,  beyond  the  one  that  you  have 
stated — that  it  w^as  too  large? 

Mr.  Wallace.  I  do  not  know  of  any.  Of  course,  there  was  all  sorts 
of  gossip  going  around  in  those  days,  but  the  impression  seemed  to  be 
that  the  work  was  not  effectivel}^  carried  out  because  there  were  so 
many  men  on  the  Commission. 

Senator  Morgan.  I  notice  from  the  proceedings  of  that  Commis- 
sion which  are  recorded  here  that  at  every  meeting  they  were  all 
present,  except  while  Mr.  Barclay  Parsons  was  excused  because  of 
some  engagement  he  had  in  London,  which  had  been  provided  for 
before  his  appointment;  and  they  worked  all  through  the  summer 
there,  the  j^ellow-fever  months,  and  all  that  sort  of  thing,  day  after 
day.  They  seem,  from  the  minutes  which  I  hold  in  my  hand,  to  have 
done  a  vast  amount  of  work,  at  least  in  the  organization  of  the  gov- 
ernment of  the  Panama  Zone,  and  providing  for  the  future  successful 
operations  of  the  engineering  and  the  supply  departments,  the  labor 
department,  the  pay  department,  and  all  of  the  other  departments, 
particularly  the  medical  department.  These  records  show  a  vast 
amount  of  work,  and,  as  far  as  I  have  gone  into  the  matter,  very  clear 
and  proper  work. 

Do  you  recollect  that  any  order  or  vote  or  resolution  in  regard  to 
any  matter  contained  in  these  proceedings  here  was  ever  revoked  by 
the  President  if 

Mr.  Wallace.  I  never  heard  of  any;  no,  sir;  and  I  never  heard  any 
criticism  on  the  ability  or  on  the  singleness  of  purpose  of  any  member 
of  that  Commission,  individually. 

Senator  Morgan.  Or  their  industry? 

Mr.  Wallace.  Or  their  industry.  " 

Senator  Morgan.  Or  their  sta3^ing  at  their  posts  and  working  under 
unpleasant  conditions — unpleasant  pnysical  conditions,  I  mean  ? 

Mr.  Wallace.  I  never  neard  of  any  criticism  of  that  kind;  no,  sir. 

Senator  Morgan.  Every  one  of  these  orders  and  reports  was  sub- 
mitted to  the  Secretary  of  War! 

Mr.  Wallace.  1  do  not  know  as  to  that.  I  presume  they  were, 
because  they  were  official. 

Senator  Morgan.  That  was  required  to  be  done? 

Mr.  Wallace.*  Yes. 

Senator  Morgan.  This  book  shows  that  they  were. 
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Mr.  Wallace.  I  have  no  knowledge  of  that.  1  was  on  the  Isthmus 
and  they  were  here,  of  course. 

Senator  Morgan.  The  first  Isthmian  Canal  Commission  (the  Walker 
commission  of  construction  I  will  call  it;  there  had  been  a  previous 
Walker  commission,  but  that  was  one  of  exploration,  and  then  after 
we  bought  the  property  the  commission  of  construction  was  appointed) 
entered  upon  its  duties  with  nobody  present  of  the  commissioners 
except  General  Davis,  who  was  the  governor  of  the  Canal  Zone.  He 
was  the  only  man  that  was  there  at  nrst,  and  then  he  was  soon  joined 
by  Mr.  Hecker,  and  others  came  in  afterwards. 

Prior  to  Davis  taking  hold  there  as  governor  and  undertaking  to 
establish  a  government  and  to  get  the  United  States  in  possession,  to 
accomplish  or  to  begin  to  accomplish  its  great  task  of  digging  this 
canal,  the  reports  inform  us  that  no  laws  prevailed  there  except  the 
laws  of  Colombia;  that  the  Panama  Canal  Company  and  the  railroad 
company,  which  were  separate  organizations,  had  no  right  to  pass  any 
police  regulation  or  any  law  or  resolution  of  a  governing  chai'acter, 
but  they  were  subordinate  entirely  to  the  laws  of  Colombia,  and  some 
of  the  laws  of  the  State  of  Panama,  which  was  then  a  State  of  the 
Republic  of  Colombia,  and  that  that  system  had  to  be  entirely  aban- 
doned and  a  new  system  substituted  for  it. 

In  the  situation  in  which  that  work  was  at  the  time  Davis  took  hold 
of  it  as  governor,  was  it  not  a  really  herculean  task  to  frame  all  of 
these  statutes,  to  make  all  of  these  provisions  for  the  inaugurating  of 
any  kind  of  work  there,  and  for  getting  labor  and  for  getting  material, 
and  for  cleaning  up  the  debris  of  the  Panama  Oanal  Company?  Was 
it  not  a  very  heavy  task  ? 

Mr.  Wallace.  Yes,  it  was;  and,  personally,  I  have  never  thought 
that  the  Walker  commission  received  anything  like  the  recognition 
that  it  should  for  the  service  it  rendered,  particularly  General  Davis. 

Senator  Morgan.  Yes.  Now,  during  the  operations  of  that  Com- 
mission were  you  aware  of  any  general  public  complaint  as  to  the  work 
that  they  were  conducting  there — of  the  manner  of  their  conducting  it  or 
the  diligence  and  skill  and  wisdom  with  which  they  projected  and  con- 
ducted tne  work  there — on  the  Isthmus  in  trying  to  inaugurate  a  system 
of  government  and  a  system  of  labor? 

Mr.  Wallace.  I  never  heard  any  criticism  on  it.  The  only  criti- 
cism was  something  that  was  due  to  an  impatient  desire,  of  course, 
upon  the  part  of  evervone  to  see  things  move  a  little  faster. 

Senator  Morgan.  To  "make  the  dirt  fly  ?" 

Mr.  Wallace.  To  "  make  the  dirt  fly."  Of  course  my  criticism  was 
not  directed  so  much  at  the  Commission  as  it  was  at  the  method.  I 
could  not  get  any  material,  and  I  could  not  get  anything  furnished  for 
me — I  mean  in  the  way  that  I  thought  I  ought  to  have  it;  but  that  was 
not  due  to  any  want  of  effort  upon  the  part  of  the  individual  members 
of  the  Commission. 

Senator  Morgan.  They  did  all  that  they  could  ? 

Mr.  Wallace.  They  seemingly  did  all  that  they  could. 

Senator  Morgan.  And  they  stayed  there  and  did  their  work? 

Mr.  Wallace.  Yes,  sir;  tHat  is,  they  were  down  there  for  about — - 

Senator  Morgan.  And  they  were  all  able  men? 

Mr.  Wallace.  They  were  all  able  men. 

Senator  Morgan.  And  devoted  to  duty  ? 

Mr.  Wallace.  Yes,  sir. 
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Senator  Morgan.  Can  ^ou  gfive  the  committee  an  idea  of  the  situa- 
tion of  that  canal  at  the  tfme  this  property  and  this  Zone  were  turned 
over  to  the  possession  of  the  United  States — the  situation  in  which  the 
French  left  the  canals 

Mr.  Wallace.  As  far  as  the  situation  was  concerned,  it  was  simply 
that  it  was  a  jungle. 

Senator  Morgan.  Chaos. 

Mr.  Wallace.  Just  simplv  chaos  from  one  end  of  the  Isthmus  to 
the  other,  and  grown  up  with  a  jungle,  except  the  small  amount  of 
work  on  which  four  or  five  hundred  men  were  employed  at  Culebra, 
and  they  were  doing  all  their  work  there  by  hand. 

Senator  Morgan.  They  did  not  even  have  any  of  these  little  French 
scoops  or  shovels? 

Mr.  Wallace.  No;  they  were  doing  their  work  entirely  by  hand. 

Senator  Morgan.  Entirely  by  hand? 

Mr.  Wallace.  Yes;  hand  drilling  and  everything  else. 

Senator  Morgan.  How  many  hundred  years  would  it  have  taken 
them  to  have  completed  that  canal  with  the  force  that  they  had  on 
hand  then,  working  by  hand? 

Mr.  Wallace.  Oh,  I  suppose  from  two  to  three  hundred. 

Senator  Morgan.  From  two  to  three  hundred  years? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  I  do  not  suppose  that  you  consider  that  the  work 
that  they  were  doing  there  was  being  done  with  an  earnest  effort  to 
complete  the  canal,  or  with  an  expectation  that  it  could  be  completed 
at  that  rate  of  work  ? 

Mr.  Wallace.  Oh,  no;  that  was  utterly  impossible.  It  seemed 
more  like  a  case  of  their  simply  spending  the  least  possible  amount  of 
money  in  order  to  retain  possession  of  the  franchise.  That  was  the 
wav  that  it  impressed  me. 

Senator  Morgan.  They  were  working  just  enough  to  keep  Colombia 
from  forfeiting  the  franchise? 

Mr.  Wallace.  That  is  the  way  it  impressed  me;  yes. 

Senator  Morgan.  As  to  the  machinery  that  you  found  there  in  the 
jungle  and  about  in  different  places  alon^  the  railroad  track  and  along 
the  canal  work,  what  condition  was  that  m  ? 

Mr.  Wallace.  The  machinery  that  had  not  been  issued  to  contract- 
ors, but  was  housed,  was  in  tirst-rate  condition.  The  machinery 
that  had  been  issued  to  contractors  and  had  been  put  in  use  was  scat- 
tered in  a  heterogeneous  mass  all  over  that  canal,  and  was  out  in  the 
jungle,  and  was  just  as  they  had  left  it  at  the  time  they  went  into 
liquidation. 

Senator  Morgan.  There  is  a  good  deal  of  it  that  has  not  been  dis- 
covered yet,  is  there  not? 

Mr.  NV'allace.  I  presume  there  is. 

Senator  Morgan.  Is  it  not  a  fact  that  when  they  want  to  get  certain 
descriptions  of  machinery  down  there  that  thev  are  not  immediately 
supplied  with,  they  go  out  into  the  jungle  and  hunt  it  up? 

Mr.  WajAjACK.  Oh,  that  is  frequentlv  the  case;  3'es,  sir. 

Senator  Morgan.  That  was  frequently  the  case? 

Mr.  AVallace.  Yes. 

Senator  Morgan.  Like  a  man  hunting  a  venison  down  with  a  pack 
of  dogs^ 
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Mr.  Wallace.  Yes;  they  had  a  complete  record  of  everything  they 
had  on  hand. 

Senator  Morgan.-  The}^  had  it  on  paper? 

Mr.  Wallace.  It  was  all  on  paper;  yes. 

Senator  Morgan.  But  it  was  out  in  the  woods  ? 

Mr.  Wallace  It  was  out  in  the  woods.  But  the  material  in  their 
storehouses  was  admirably  arranged  and  was  well  taken  care  of. 

Senator  Morgan.  The  jpart  of  it  that  was  under  the  control  of  the 
railway  was  pretty  well  managed,  was  it  not? 

Mr.  WALiJkCE.  "Yes.  While  I  think  the  railroad's  policy  was  radi- 
cally wrong,  the  carrying  out  of  that  policy,  as  far  as  the  maintenance 
and  operation  of  the  railroad  on  the  Isthmus  was  concerned,  was 
admirably  done.  That  is,  Colonel  Shaler,  the  general  superintendent, 
and  Mr.  Prescott,  the  assistant  superintendent,  and  the  staff  under 
them  did  the  very  best  they  could  with  the  facilities  they  had  at  hand. 

Senator  Morgan.  Now,  Mr.  Wallace,  at  the  time  this  first  commis- 
sion of  construction,  the  Walker  commission,  took  charge  there,  was 
it  possible  to  prepare  that  commission  for  proper  work  such  as  the 
American  Government  expects  to  do  inside  of  a  period  of  two  years? 

Mr.  Wallace.  In  my  first  conference  with  the  commission  after  I 
was  appointed  chief  engineer  I  asked  for  two  years  in  which  to  make 
preparatory  arrangements;  and  I  thought  then,  and  I  think  now,  that 
two  years  was  little  enough. 

Senator  Morgan.  It  has  proved  to  be  too  little,  has  it  not? 

Mr.  Wali^ce.  Yes. 

Senator  Morgan.  Very  much  too  little  i 

Mr.  Wallace.  Yes:  little  enough  to  get  things  together  and  build 
up  an  organization  and  get  a  good  start  at  the  real  work  in  a  real  way. 

Senator  Morgan.  Under  both  Davis  and  Magoon,  and  also  under 
Shonts,  have  not  the  oflBcers  of  the  Government  who  have  been  on  the 
Isthmus,  practically  engaged  in  the  work  there,  employed  all  possible 
diligence,  in  your  opinion,  to  clean  up  this  mass  of  waste  and  chap- 
paral,  or  whatever  it  is?  Have  not  these  oflScers,  all  that  have  been 
there,  dutifully  employed  themselves  in  strenuous  efforts  to  accom- 
plish this  task  of  cleaning  up? 

Mr.  Wallace.  I  think  they  have;  but,  of  course,  since  I  left  there 
the  only  means  I  have  of  judging  is  what  I  have  seen  in  the  newspa- 
pers, and  what  I  have  seen  in  the  testimony  before  this  committee. 

Senator  Morgan.  Leaving  out  of  view,  now,  all  the  reports,  was  it 
your  observation,  as  long  as  you  stayed  on  the  Isthmus  there,  that 
Doth  the  Commissions,  the  first  one  and  the  second  one,  did,  through 
the  men  who  remained  on  the  Isthmus  and  devoted  themselves  to 
work,  all  that  could  practically  be  done  in  cleaning  up  and  making 
preparation  far  the  real  work  of  digging  the  canal  ? 

Mr.  Wallace.  I  think  so;  yes. 

Senator  Morgan.  You  know  of  no  criticism  upon  their  operations 
that  would  show  any  suspicion  of  delinquency  on  the  part  of  anv  of 
them? 

Mr.  Wallace.  From  such  knowledge  as  I  have  I  do  not  know  of 
any;  no. 

Senator  Morgan.  When  the  new  organization  took  place,  and  its 
labors  were  divided  up  in  the  manner  in  which  you  have  indicated,  and 
which  is  shown  upon  these  records,  was  there  any  additional  spur  put 
into  the  work  greater  than  had  been  employed   before  under  the  farst 
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Walker  Commission  ?  Was  there  any  greater  success  in  the  opemtions 
after  the  new  Commission  got  in  than  there  was  before,  during  the 
time  that  you  remained  there? 

Mr.  Wat.lace.  Well,  the  furnishing  of  materials  was  slightly 
expedited,  and  1  looked  upon  the  new  organization  as  an  improvement 
of  the  old  organization. 

Senator  Morgan.  As  an  organization? 

Mr.  W^ALi^CE.  As  an  organization. 

Senator  Morgan.  1  am  speaking  of  the  execution  of  it. 

Mr.  Wallace.  The  time  was  so  short  and  was  so  interlaced  with 
what  had  been  done  before  that  it  would  be  a  very  difBcult  matter  to 
tell. 

Senator  Morgan.  Did  you  have  to  undo  anything,  or  anything  of 
importance,  that  the  first  Commission  had  done^ 

Air.  Wali>ace.  Nothing  of  any  importance.  The  work  was  in  expe- 
diting the  getting  of  material  down  there  and  things  of  that  sort. 

Senator  Morgan.  Yes.  Did  that  first  Commission  do  any  work  or 
have  any  work  done  there  that  had  to  be  thrown  awayi! 

Mr.  Wallace.  Not  an  item  that  I  know  of. 

Senator  Morgan.  Not  an  item  that  you  know  of  i 

Mr.  Wallace.  No,  sir. 

Senator  Morgan.  There  is  some  story  going  around  that  in  your 
work  there  as  chief  engineer  you  had  fixed  your  dumps  at  places  where 
they  would  hereafter  nave  to  be  removed.     Is  that  true  ? 

Mr.  Wallace.  That  is  not  true,  and  Mr.  Stevens,  the  present  chief 
engineer,  in  his  examination  went  on  record  as  saying  that  it  is  not 
true. 

Senator  Morgan.  So  that  no  work  has  been  done  in  vain  there,  so 
far  as  you  know  ( 

Mr.  Wallace.  Not  a  dollars  worth,'  as  far  as  I  know. 

Senator  Morgan.  And,  so  far  as  you  know,  an  observance  of  duty 
and  diligence  and  earnest  interest  in  the  work  have  been  manifested  anii 
exhibited  by  all  who  were  concerned  in  that  work  in  the  higher  ranks 
of  office  ? 

Mr.  Wallace.  I  think  so. 

Senator  Morgan.  In  the  new  organization  there  appear  here  to  have 
been  a  great  many  appointments  made.  They  were  made  by  the  heads 
of  these  departnients  into  which  the  work  was  divided.  There  was 
one  grand  division  in  the  separation  into  departments:  one  consisted 
of  four  engineers  and  the  other  consisted  of  three  men,  who  formed  an 
executive  committee.  The  four  engineers  appear  to  have  had  charge 
of  all  the  subjects  connected  with  engineering  proper  and  the  conduct 
of  the  engineering  work.     Is  that  right? 

Mr.  Wallace.  No,  sir;  they  were  not  supposed  to  have  any  direc- 
tion, up  to  the  time  that  I  left,  ov^er  the  engineering  work  on  the. 
Isthmus. 

Senator  Morgan.  Who  had  it^ 

Mr.  Wallace.  That  is,  I  mean  except  so  far  as  their  votes  went  at 
the  quarterly  meetings  of  the  Commission  on  such  questions  as  might 
be  submitted  to  them  by  the  executive  committee. 

Senator  Morgan.  Bv  the  executive  committee? 

Mr.  W^ALLACE.  By  the  executive  committee;  yes,  sir. 

Senator  Morgan.  So  that  engineering  work  had  first  to  undergo  the 
approval  of  the  executive  committee? 
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Mr.  Wallace.  Yes,  sir. 

Senator  Moroan.  And  then  that  had  to  undergo  the  criticism  and 
approval  or  disapproval  of  the  quarterly  meetings  of  the  full  board? 

Mr.  Wallace.  Yes;  that  is  the  way  I  understand  it. 

Senator  Morgan.  During  that  period  and  up  to  the  date  of  and 
more  particularly  after  the  reorganization  there  was  this  verj'  long 
list  of  appointments  to  office? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  These  men  that  were  appointed  assembled  there 
on  the  Isthmus? 

Mr.  Wallace.  I  only  know  of  those  in  whose  appointment  I  was 
instrumental. 

Senator  Morgan.  Yes. 

Mr.  Wallace.  I  do  not  know  anything  about  anything  that  has 
occurred  since  I  left  there. 

Senator  Morgan.  I  know;  not  since  you  left  there,  but  while  you 
were  there,  these  men  were  assembling  to  fill  the  places  given  them 
under  each  of  these  chiefs  of  departments? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  Corresponding  in  some  sense  to  the  heads  of 
departments  here  in  the  Government? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  The  appointments  were  made  by  the  heads  of  the 
departments? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  But  the  Commission,  as  a  body,  had  the  right  to 
overrule  and  strike  out  any  that  they  did  not  approve  of.  They  rati- 
fied and  confirmed  them,  every  one  of  them,  by  resolution? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  With  perhaps  one  or  two  exceptions.  Did  not 
that  produce  a  very  sudden  and  great  influx  of  gold  men  upon  the 
Isthmus? 

Mr.  Wallace.  The  increase  in  the  gold  men,  I  think,  was  more 
rapid  after  the  1st  of  April  than  it  was  before.  I  have  not  at  hand 
the  list,  but  there  are  records  that  show  exactly  how  many  came  down 
each  month. 

Senator  Morgan.  And  they  came  down  there  without  any  prepara- 
tion of  an  important  character  having  been  made  for  their  accommo- 
dation in  the  way  of  houses  ? 

Mr.  Wallace.  No,  sir.  I  never  saw  any  white  men  that  came  to 
the  Isthmus  at  the  time  I  was  there  that  were  not  just  ah  well  or  bet- 
ter provided  for  than  they  would  have  been  if  they  had  gone  out  on  a 
?iece  of  railroad  work  in  the  United  States.  Of  course  this  was  true: 
here  were  not  buildings  or  accommodations  enough  to  take  care  of 
the  men  the  way  the  men  would  like  to  be  taken  care  of  that  intended 
to  bring  their  families  and  stay  ten  years  on  a  piece  of  work — that  is 
very  true;  but  the  men  that  came  down  there  were  comfortably 
housed,  and  while  they  had  to  put  up  with  some  inconvenience,  as  I 
said  before,  the  inconveniences  were  not  as  great  as  they  would  have 
had  to  put  up  with  if  they  had  ^one  out  into  Iowa  or  Illinois  on  the 
construction  of  a  new  railroad  line  in  this  country. 

Senator  Morgan.  Those  accommodations  had  been  provided  for  them 
by  the  repair  of  houses  and  the  building  of  houses  by  the  first  Walker 
commission^ 
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Mr.  Wallace.  Yes,  sir. 

Senator  Morgan,  They  had  made  all  that  preliminary  preparation  ? 

Mr.  Walijice.  Yes,  sir;  and  we  had  built  two  hotels.  1  do  not 
think  any  large  hotels  have  been  built  since.  I  have  not  heard  of  any. 
But  at  the  time  I  left  there  the  large  hotel  at  Corozal  and  the  large 
hotel  at  Culebra  were  in  actual  service. 

Senator  Morgan.  Yes. 

Mr.  Wallace,  And  other  buildings  were  being  put  up  just  as  fast 
as  the  material  could  arrive  on  the  Isthmus  to  put  them  up.  My  rec- 
ollection is  that  we  had  a  force  of  about  1,700  or  1,800  men  whose  sole 
duty  was  the  repair  and  erection  of  houses  for  the  rest  of  the  men  to 
live  in.  . 

Senator  Morgan.  There  was  also  a  very  rapid  influx  of  labor  into 
the  Zone? 

Mr.  Wallace.  It  has  been  increasing  right  along.  From  the  1st 
of  July,  1904,  until  the  1st  of  July,  1905,  my  recollection  is  that 
between  9,000  and  10,000  men  arrived  on  the  Isthmus. 

Senator  Morgan.  Silver  men  ? 

Mr.  Wallace.  Silver  and  gold,  altogether. 

Senator  Morgan.  So  that  influx  was  comparatively  very  rapid? 

Mr.  Wallace.  Some  of  them  returned.  I  do  not  remember  how 
many  were  actually  on  the  rolls. 

Senator  Morgan.  Of  course,  providing  food  and  quarters  for  those 
men  was  an  embarrassing  and  diflSlcult  proposition? 

Mr.  Wallace.  It  was. 

Senator  Morgan.  In  the  meantime,  what  interest  had  the  first 
Walker  commission  bestowed  upon  sanitation?  Had  they  been  very 
active  in  trying  to  provide  for  the  santitation  of  the  Isthmus? 

Mr.  Wallace.  The  sanitation  of  the  Isthmus  was  put  under  the 
control  of  Colonel  Gorgas,  and  that  went  on,  I  understand,  in  a  con- 
tinuous manner  from  the  time  I  went  down  there  in  June,  1904 — we 
went  down  on  the  same  boat  together — up  to  the  time  that  I  left 
there.  He  was  going  right  along  with  his  organization  regularly,  and 
he  had  an  organization  of  his  own  engaged  in  draining  the  swamps  and 
in  various  sanitary  operations. 

Senator  Morgan.  Had  the  first  Walker  commission  participated  in 
the  preparations  necessary  for  the  sanitation  of  the  Isthmus? 

Mr.  Wallace.  That  was  the  source  of  authority — the  first  Walker 
Commission — up  to  the  1st  of  April. 

Senator  Morgan.  That  was  the  first  great  point  to  be  attained? 

Mr.  W'allace.  Yes,  sir. 

Senator  Morgan.  To  produce  a  reasonable  degree  of  health  in  the 
Isthmus? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  Who  was  present  besides  the  Commission  in  the 
planning  of  this  reorganization? 

Mr.  Wallace.  The  railroad  organization? 

Senator  Morgan.  I  mean  the  reorganization  of  the  railroad  and  the 
canal. 

Mr.  Wallace.  I  only  recollect  one  conversation  in  regard  to  the 
organization  of  the  railroad,  and  the  Secretary  and  Mr.  Shonts  and 
Air.  Magoon  and  myself  had  that  conference. 

Senator  Morgan.  That  was  after  you  were  made  a  Commissioner? 

Mr.  Wallace.  That  was  after  I  was  made  a  Commissioner. 
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Senator  Morgan.  And  before  you  returned  to  the  Isthmus? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  Who  was  assisting  in  arranging  this  new  organ- 
ization ? 

\Mr.  Wallace.  I  always  understood  that  the  whole  scheme,  the 
organization,  was  discussed  by  Mr.  Cromwell  and  the  Secretary  and 
was  practically  worked  out  by  Mr.  Cromwell,  but  that  is  simply  hear- 
say.    I  was  not  here  at  that  time. 

Senator  Morgan.  Was  he  engaged  there  as  an  employed  counsel,  or 
employed  agent  to  do  that  work,  or  was  he  doing  it  pro  bono  publico? 

Mr,  Wallace.  I  do  not  know.  His  only  oflScial  position  that  I 
knew  of  was  his  position  as  general  counsel  for  the  Panama  Railroad, 
and  he  wrote  up  the  resolutions  and  attended  all  the  meeting's  of  the 
executive  committee  of  the  railroad  and  board  of  directors  of  the  rail- 
road, and  seemed  to  direct  its  affairs  entirely,  as  far  as  the  records  were 
concerned. 

Senator  Taliaferro.  Was  he  not  a  railroad  director  at  that  timei 

Mr.  Wallace.  Yes,  sir.  He  was  a  member  of  the  new  board  of 
the  Panama  Railroad. 

Senator  Morgan.  During  that  time  of  the  reorganization,  or  before 
that  time  or  after  that  time,  as  long  as  communications  were  open 
between  you  and  Mr.  Cromwell,  did  you  have  any  knowledge  of  a 
claim  that  he  presented  as  the  counsel  of  the  New  Panama  Canal  Com- 
pany against  tne  Government  of  the  United  States  amounting  to  more 
than  two  millions  of  dollars? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  A  claim  of  two  million  and  two  or  three  hundred 
thousand  dollars  for  the  work  that  had  been  done  by  the  French  com- 
pany after  their  first  proposition  to  sell  to  the  United  States  and  up 
to  tne  time  of  the  turning  overi^     Did  you  hear  about  it^ 

Mr.  Wallace.  Yes,  sir;  I  was  present  when  he  presented  that  to 
the  Walker  Commission  to  pass  on  as  to  the  facts  contained  in  it,  and 
that  matter  is  a  record  of  the  second  Walker  Commission.  It  is  spread 
on  their  records. 

Senator  Morgan.  Yes;  I  have  it  all  here.  That  claim  was  first 
brought  before  the  first  Walker  Commission? 

Mr.  Wali.ace.  The  first  thing  I  knew  about  it  was  when  I  was 
present  at  a  meeting  of  that  Commission,  when  Mr.  Cromwell  and 
another  lawyer  and  Mr.  Choron,  the  chief  engineer  of  the  New  Panama 
Canal  Company,  and  an  interpreter  came  before  the  W^alker  Commis- 
sion, in  June,  1904,  and  stated  that  the  President  had  been  asked  to 
arbitrate  that  claim,  and  that  the  question  of  law  had  been  referred  to 
the  Attorney-General  and  the  question  of  fact  had  been  referred  to  the 
Isthmian  Canal  Commission,  and  Mr.  Cromwell  and  these  men  were 
here  to  present  these  facts  for  the  Isthmian  Canal  Commission  to  pass 
upon  as  to  their  reliability — I  mean  as  to  what  were  facts  and  what 
were  not  facts — and  ready  to  offer  any  explanation  of  their  figures  that 
they  desired  to  ask  the  gentlemen*  that  were  present,  naming  his 
colleagues. 

Senator  Morgan.  Did  the  Commission  have  any  order  from  the 
President  of  the  United  States  that  they  should  perform  the  duty  as 
arbitrators  for  settling  the  fact  in  regard  to  the  claim  ? 

Mr.  Wallace.  They  were  not  to  act  as  arbitrators.  Mr.  Cromwell 
stated  that  the  President  was  to  act  as  an  arbitrator  and  that  the  Com- 
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mission  was  to  pass  on  the  facts,  the  Attorney-General  on  the  law,  and 
then  the  President  would  take  the  Question  up  and  pass  on  the  equity. 
That  was  what  I  understood  was  Mr.  Cromwell's  statement  that  he 
verbally  made  before  the  Isthmian  Canal  Commission  when  he  pre- 
sented these  papers  to  them. 

Senator  Morgan.  You  were  then  chief  engineer,  but  you  were  not 
a  Commissioner  if 

Mr.  Wallace.  I  was  not  a  Commissioner,  but  I  just  happened  to 
be  present  at  the  interview. 

Senator  Morgan.  Had  Cromwell  talked  to  you  about  it? 

Mr.  Wallace.  No,  sir. 

Senator  Morgan.  He  had  never  explained  it  to  you?  » 

Mr.  Wallace.  No,  sir.     That  was  the  first  time  1  ever  met  him. 

Senator  Morgan.  What  was  this  other  lawyer's  name  that  was 
there? 

Mr.  Wallace.  I  do  not  remember. 

Senator  Morgan.  Was  he  an  American  or  a  Spaniard? 

Mr.  Wallace.  He  was  an  American. 

Senator  Morgan.  Was  he  named  Curtis? 

Mr.  Wallace.  I  think  that  was  his  name.  He  was  a  square-jawed 
man,  a  little  younger  than  Mr.  ("romwell. 

Senator  Morgan.  Was  he  a  tall,  slender  man? 

Mr.  Wallace.  I  do  not  remember  his  description.  He  was  sitting 
at  the  table  when  I  saw  him. 

Senator  Morgan.  Was  Mr.  Farnham  there  at  that  time? 

Mr.  Wallace.  He  was  not  at  the  meeting. 

Senator  Morgan.  He  was  on  the  Isthmus^ 

Mr.  Wallace.  No,  sir;  I  do  not  know  where  he  was.  He  was  not 
at  the  meeting. 

Senator  Morgan.  Did  Mr.  Cromwell  lay  before  that  Commission 
any  orders  of  the  President  or  directions  of  the  President  that  they 
should  find  the  facts  in  regard  to  this  matter? 

Mr.  Wallace.  I  do  not  know. 

Senator  Morgan.  You  saw  no  such  paper? 

Mr.  Wallace.  I  saw  no  such  paper. 

Senator  Morgan.  And  no  such  paper,  within  your  knowledge,  has 
ever  been  put  upon  record  ? 

Mr.  Wallace.  No,  sir. 

Senator  Morgan.  It  was  Cromwell's  statement? 

Mr.  Wallace.  That  is  as  1  recollect  it.  There  might  have  been  a 
letter. 

Senator  Morgan.  Of  course.  We  want  your  recollection.  We  know 
it  is  honest,  and  we  just  want  that.  So  he  appeared  before  that  Com- 
mission and  informed  them  that  the  President  had  authorized  them  to 
find  the  facts? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  And  that  the  Attorney-General  was  to  ascertain 
the  law  and  the  President  was  to  determine  the  oquit}'  of  the  claim? 

Mr.  Wallace.  Yes,  sir;  that  is  the  way  I  understand  it. 

Senator  Morgan.  Was  the  claim  earnestly  pressed? 

Mr.  Wallace.  Well,  rather. 

Senator  Morgan.  Did  Mr.  Cromwell  make  a  statement  about  it? 
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Mr.  Walijice.  Yes,  sir;  he  made  quite  an  extended  statement  in 
regard  to  it,  and  he  seemed  to  be  very  anxious  that^t  should  be  given 
attention  in  the  near  future. 

Senator  Morgan.  In  what  way  did  the  old  Commission  receive  that 
proposition  ? 

Mr.  Wallace.  I  would  have  to  go  behind  the  motives  in  their  bosoms 
to  tell  you  that.     They  did  not  seem  to  be  ver^^  enthusiastic  over  it 

Senator  Morgan.  Did  they  seem  opposed  to  ft  or  to  question  it? 

Mr.  Wallace.  That  was  the  impression  it  created  on  me,  listening 
to  the  presentation  and  hearing  their  discussion  of  it. 

Senator  Morgan.  Did  they  question  it  severely,  like  a  judge  on  the 
bench? 

Mr.  Wallace.  There  was  a  great  deal  of  comment  made,  but  the 
matter  was  explained  to  them  that  it  was  not  for  them  to  criticise  its 
equity;  that  their  function  was  to  determine  whether  this  money  had 
been  spent  or  not,  and  that  that  was  all  that  they  were  to  do,  although 
the  impression  that  was  created  on  my  mind  was  that  they  were,  most 
of  them,  disposed  to  criticise  the  equity  of  the  claim. 

Senator  Morgan.  Was  the  claim  afterwards  presented,  within  your 
knowledge,  to  the  old  Commission? 

Mr.  Wallace.  To  the  new  Commission? 

Senator  Morgan.  The  old  Commission,  the  first  Walker  Commission. 

Mr.  Wallace.  This  was  the  construction  Walker  Commission  that 
I  am  talking  about. 

Senator  Morgan.  1  know.  Was  it  afterwards,  within  your  knowl 
edge,  presented  to  that  Commission? 

Mr.  Wallace.  Again? 

Senator  Morgan.  Yes. 

Mr.  Wallace.  1  never  heard  of  it  after  that. 

Senator  Morgan.  Until  you  got  on  the  new  Commission.  You  heard 
of  it  then,  did  you  not? 

Mr.  Wallace.  1  never  heard  of  it  then. 

Senator  Mor(3an.  The  records  show  that  it  was  very  much  discussed 
by  the  new  Commission. 
*  Mr.  Wallace.  Yes. 

Senator  Morgan.  That  claim  is  still  pending. 

Mr.  Wallace.  I  do  not  know  anythmg  about  it.  That  is,  except 
since  that  date. 

Senator  Morgan.  And  it  was  after  that  that  Mr.  Cromwell  took  a 
very  decided  interest  in  j^our  being  made  a  commissioner? 

Mr.  Wallace.  Well,  I  do  not  know  that  he  did. 

Senator  Morgan.  The  correspondence  that  he  had  presented  to  this 
committee,  a  letter  written  by  you  to  him,  and  also  an  extract  from 
a  letter  of  a  confidential  character  that  Mr.  Shonts  submitted  to  him 
would  show  that  your  relations  were  very  confidential,  so  much  so 
that  one  of  your  letters  Mr.  Cromwell  characterized  as  being  fulsome. 
You  have  read  all  of  his  testimony? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  And  he  spoke  of  being  ashamed  to  present  it  on 
that  account? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  Taking  his  description  of  his  relations  to  you  as 
he  gave  them  in  his  testimony,  all  of  wnich  you  have  read,  and  taking 
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your  knowledge  of  your  relations  to  him,  did  he  give  a  fair  account 
of  your  relations? 

Mr.  Wallace.  Not  from  my  standpoint. 

Senator  Morgan.  Your  standpoint  is  the  one  we  want.  You  are 
the  only  man  in  the  world  that  knows  about  it. 

Mr.  Wallace.  My  personal  relations  with  Mr.  Cromwell  were  very 
friendly. 

Senator  Morgan.  Yes. 

Mr.  W^ALLACE.  But  1  would  have  to  so  into  quite  a  long  explanation 
as  to  why  I  wrote  that  letter  that  would  involve  a  great  many  things, 
and  that  is  one  of  the  reasons  why  I  did  not  want  to  be  asked  about  it. 

Senator  Morgan.  I  have  only  asked  you  what  he  has  put  upon  the 
record.  I  have  not  gone  into  anything  else,  and  you  are  entirely  at 
liberty  to  state  or  not  to  state  anything  beyond  that  by  way  of  explana- 
tion as  vou  may  choose. 

Mr.  Wallace.  The  last  night  before  I  sailed  I  was  a  guest  at  Mr. 
Cromwell's  house.  There  were  quite  a  number  there — the  members  of 
the  Commission  were  there  as  guests — and  Mr.  Cromwell  pressed  on 
me  some  of  his  views,  and  he  did  it  in  a  way  that  I  took  very  strong 
exceptions  to,  not  due  to  the  nature  of  what  he  said,  because  the  ideas 
that  ne  gave  me  were  perfectly  proper  in  themselves,  but  1  took  it  as  an 
interference  with  my  conduct  of  my  business,  and  we  had  rather  an 
animated  discussion  over  it;  that  is,  so  warm  on  my  part  and  I  felt 
so  keenly  over  it  that  I  felt  as  if  I  had  rather  exceeded  the  bounds  of 
propriety. 

Senator  Morgan.  In  your  reply  to  him? 

Mr.  Wallace.  In  my  reply  to  him;  yes.  And  I  did  not  want  to 
incur  his  ill  will,  particularly  at  that  time.  I  wanted  to  keep  on  good 
terms  with  everj'^body,  as  far  as  1  consistently  could.  So  I  made  up 
my  mind  that  I  ought  to  in  some  way  try  to  smooth  this  over.  So, 
just  as  soon  as  I  got  back  to  the  Isthmus  again,  where  1  had  time 
enough  to  write,  I  wrote  him  that  letter,  in  order  to  make  things 
just  as  smooth  between  us  as  1  possibly  could. 

Senator  Morgan.  In  that  conversation  at  his  house  before  you 
mailed — it  was  the  night  before  you  sailed,  was  it? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  And  Mrs.  Wallace  was  with  you? 

Mr.  Wallace.  No,  sir. 

Senator  Morgan.  Did  she  not  go  to  the  Isthmus  with  you,  then  ? 

Mr.  Wallace.  Yes;  but  there  were  no  ladies  at  this  ciinner  except 
Mrs.  Cromwell. 

Senator  Morgan.  On  that  night,  if  I  understand  you  correctly,  Mr. 
Cromwell  undertook  to  give  you  advice  that  you  interpreted  even  as 
instructions  in  regard  to  your  business? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  As  chief  engineer  of  the  Commission? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  And  you  resented  it? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  And  you  did  it  in  such  words  as  to  lead  you  to 
think  afterwards  that  perhaps  you  had  abused  his  hospitality  ? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  And  when  you  got  to  the  Isthmus  you  wrote  that 
letter  that  he  styled  fulsome? 
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Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  For  the  purpose  of  preventing  him  from  consid- 
ering that  you  had  made  any  personal  attack  upon  him,  and.  to  let 
him  understand  that  you  wished  to  "  let  bygones  be  bj^gones"  between 
you,  as  I  understand  it?     Is  that  the  fact^ 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  That  is  the  situation? 

Mr.  Wallace.  Yes,  sir. 

Senator  Morgan.  So  that  he  never  mentioned  to  you,  after  you 
were  a  Commissioner,  this  $2,250,000  claim? 

Mr.  Wallace.  No,  sir. 

Senator  Morgan.  Do  you  know  of  his  ever  having  mentioned  it  to 
anybody  else  ? 

Mr.  Wallace.  No,  sir. 

Senator  Morgan.  You  have  heard  no  Commissioner  say  that  he  had 
presented  it  to  them  ? 

Mr.  Wallace.  No,  sir.  I  might  have  heard  that,  but  I  have  no  rec- 
ollection of  it. 

Senator  Morgan.  He  is  still  pressing  that  claim,  so  far  as  you  know? 

Mr.  Wallace.  I  have  absolutely  no  knowledge  on  the  subject. 

Senator  Morgan.  Do  you  know  of  any  facts,  Mr.  Wallace,  that 
you  think  indicate  an  interference  on  the  part  of  Mr.  Cromwell  for 
the  purpose  of  getting  rid  of  the  old  Commission  or  an}'  members  of 
the  old  Commission  i 

Mr.  Wallace.  I  was  on  the  Isthmus  during  that  time. 

Senator  Morgan.  Yes. 

Mr.  Wallace.  And  anything  of  that  kind  that  would  have  been 
done,  of  course,  would  have  been  confined  to  the  United  States;  and 
I  had  no  knowledge  of  his  doing  anvthing  of  that  kind,  although  I 
have  an  impression  that  some  of  the  Commission  themselves  thought 
there  might  be  something  in  that. 

Senator  Morgan.  That  was  it.  Some  of  the  Commissioners  at  the 
time,  in  trving  to  account  for  the  fact  of  their  removal,  associated  his 
efforts  witn  the  fact  of  their  removal? 

Mr.  Wallace.  That  is  the  impression  I  received.  1  am  not  able  to 
say,  or  to  give  you  positive  details  of  how  I  acquired  it;  but  that  was 
the  impression  that  I  had. 

Senator  Morgan.  You  would  not  have  known  anything  about  it 
unless  it  had  been  discussed  in  your  presence,  would  you? 

Mr.  Wallace.  1  presume  not. 

Senator  Morgan.  Do  you  recall  what  were  the  subjects  that  were 
presented  to  you  in  an  unpleasant  way  at  that  dinner  the  night  before 
you  left,  by  Mr.  Cromwell? 

Mr.  Wallace.  I  do  not  remember  exactly.  I  think  it  had  some- 
thing to  do  with  m}"  organization.  I  think  he  was  rather  impressing 
on  me  the  employment  of  more  high-priced  men  than  I  had. 

Senator  Morgan.  Higher  priced  men  if 

Mr.  Wallace.  Yes. 

Senator  Morgan.  Did  he  name  anybody  ? 

Mr.  Wallace.  He  did  not  give  any  special  names  of  anyone.  It  did 
not  get  that  far  along. 

Senator  Morgan.  You  did  not  understand  to  whom  he  referred? 
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Mr.  Wallace.  No;  he  was  particularly  desirous  that  I  should  get  a 
deputy  chief  engineer  that  would  be  able  to  handle  that  work  in  case 
anything  should  liappen  to  me. 

Senator  Morgan.  He  insisted  on  higher  prices? 

Mr.  Wallace.  Well,  I  do  not  remember  that  the  term  "  high- 
priced"  was  used,  but  it  was  high-class  men  that  he  was  urging,  and  the 
securing  of  what  we  call  a  duplicate  organization.  I  already,  at  that 
time,  Irnd  Mr.  Dauchy,  who  had  been  chief  engineer  of  the  Rock 
Island  system,  who  I  thought  was  a  very  capable  man,  and  I  had  em- 
ployed Mr.  Maltby,  who  was  a  very  capable  man,  and  I  had  been 
nun  ting  all  over  the  United  States  for  a  first-class  man  to  fill  a  position 
next  to  me. 

I  did  not  believe  it  was  necessary  to  explain  to  Mr.  Cromwell  what 
my  ideas  were,  or  what  I  had  been  doing,  because  I  did  not  consider 
it  any  of  his  business.  I  was  actually  working  along  the  lines  that  he 
had  suggested;  but  the  impression  that  he  made  on  me  was  that  he 
thought  I  was  not  competent  to  think  of  doing  anything  in  this  line 
unless  he  suggested  it;  and  that  it  was  his  idea  that  I  had  neglected 
that  part  of  the  work,  and  that  I  should  be  punched  up  about  it,  and 
that  that  was  what  he  was  trying  to  do. 

Senator  Morgan.  Did  he  undertake  to  advise  you  about  any  other 
matter  connected  with  your  business  ? 

Mr.  Wallace.  That  thing  we  discussed  at  some  length,  and  the 
conversation  was  quite  long.     I  do  not  recollect  the  details  of  it  now. 

Senator  Morgan.  But  it  was  a  general  admonition  or  advice  to  you 
in  regard  to  how  you  should  conduct  your  business? 

Mr.  Wallace.  It  was  principally  in  the  line  of  getting  more  men 
in  the  higher  positions. 

Senator  Morgan.  Did  he  say  anything  about  having  been  instru- 
mental in  having  your  appointment  as  Commissioner  made? 

Mr.  Wallace.  I  do  not  remember  whether  he  did  at  that  time  or 
not. 

Senator  Morgan.  Did  he  at  any  time^ 

Mr.  Wallace.  Well,  my  impression  is  that  he  did,  but. I  could 
not 

Senator  Morgan.  He  claimed  the  credit  to  himslf  of  having  had 
you  appointed? 

Mr.  W  ALLACE.  My  impression  is  that  he  did,  but  I  do  not  remember 
exactly. 

Senator  Morgan.  Was  that  ofl'ensive  to  you? 

Mr.  Wallace.  Yes;  in  a  wav  it  was;  but  those  were  the  things 
that  I  generally  took  with  a  smile,  that  part  of  it.  Mr.  Cromwell  and 
I,  from  the  very  first,  to  use  a  slang  expression,  were  always  rather 
disposed  to  "jolly  "  each  other. 

Senator  Morgan.  You  have  looked  very  carefully  over  his  testi- 
mony as  he  gave  it  here? 

Mr.  Wallace.  I  have  read  it;  yes. 

Senator  Morgan.  You  have  read  and  studied,  I  suppose,  the  account 
that  he  gives  of  what  transpired  at  the  time  that  Mr.  Taf  t  came  up 
from  Washington  to  hear  your  statement  as  to  your  purpose  of  resign- 
ing" as  chief  engineer  and  also  as  Commissioner;  you  have  seen  all  of 
his  statements? 

Mr.  Wallace.  Yes,  sir. 
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Senator  Morgan.  Have  you  any  change  to  make  in  the  statement 
that  you  made  before  this  committee  the  first  time  in  regard  to  those 
matters } 

Mr.  Wallace.  I  have  no  change  to  make  in  the  statements  that  I 
made  before  this  committee  originally,  and  I  want  to  say  right  now 
that  while  Mr.  Cromwell  may  have  misunderstood  my  language,  I  tried 
my  very  best  to  impress  upon  him  that  that  interview  should^  a  per- 
sonal and  private  interview;  and  he  even  went  to  the  extent  of  telling 
me  that  if  I  thought  the  Manhattan  Hotel  was  not  private  enough  he 
would  arrange  for  it  at  his  own  house  and  let  the  Secretary  and  me  be 
there  alone.  Mr.  Cromwell^  to  my  mind,  thoroughly  understood  that 
he  was  not  to  be  at  that  interview,  and  he  started  to  leave  the  room 
as  jny  son  did,  who  accompanied  me  into  the  room,  and  to  leave  the 
Secretary  and  me  there  alone,  when  the  Secretarv  called  him  back  and 
told  him  that  he  wanted  him  to  remain  through  tne  interview,  and  Mr. 
Cromwell  sat  down. 

Senator  Morgan.  Do  you  know  of  any  occasion  or  interest  for  the 
secretary  to  have  a  witness  present  at  that  conversation  with  3'ou? 

Mr.  Wallace.  1  know  of  no  reason  why. 

Senator  Morgan.  You  had  no  suspicion  that  he  desired  to  have  some 
one  to  verify  what  vou  said? 

Mr.  Wallace.  No,  sir;  not  until  that  moment. 

Senator  Morgan.  And  you  regarded  Mr.  Cromwell,  then,  as  an 
intruder? 

Mr.  Wallace.  I  most  certainly  did 

Senator  Morgan.  1  think  I  will  not  ask  any  more  questions. 

Senator  Kittredge.  There  is  one  more  question  that  I  wish  to  ask 
regarding  the  type  of  canal:  As  I  understand  your  statement  regard- 
ing the  sea-level  proposition,  Mr.  Wallace,  there  are  connected  with 
it  no  unusual,  untried,  or  doubtful  problems? 

Mr.  Wallace.  There  are  none  whatever,  Mr.  Senator.  It  is  sim- 
ply a  plain  case  of  digging  a  ditch  of  large  dimensions.  While  that 
ditch  IS  larger  than  any  ditch  we  have  ever  dug  before  in  this  world, 
there  are  no  elements  of  uncertainty  about  it  except  those  that  go  with 
a  job  a  little  larger  than  what  we  have  done  before.  The  same  prin- 
eiples  are  involved  and  the  same  methods  can  be  used. 

The  fuiK)unt  of  excavation  to  be  made  there  is  so  great  that  it  permits  a 
gjreat  many  economies  that  would  not  be  possible  in  a  smaller  piece  of 
work.  For  instance,  a  cent  a  yard  on  that  work  will  pay  for  all  the 
steam-  shovels  you  have  got  to  buy  for  it.  Six  or  seven  cents  a  yard 
will  pay  for  all  your  engines  and  cars  and  almost  the  entire  plant  that 
you  have  to  buy  new.  That  is,  the  fact  that  the  work  is  so  large  and 
that  it  will  extend  over  about  the  life  of  the  machinery  that  is  put  into 
it  makes  it  a  very  economical  proposition  from  the  standpoint  of  the 
installation  of  a  plant  for  it. 

The  Chairman.  I  think,  in  your  previous  testimony,  you  stated  that 
your  belief  was  that  all  the  work,  practically,  should  be  done  at  the 
IsthrauH,  and  not  in  Washington.     Am  I  correct  in  that? 

Mr.  Wallace.  Yes,  sir. 

The  Chairman.  Do  you  think  that  there  should  be  a  verj'  small  force 
here,  or  a  large  force  here  ? 

Mr.  Wallace.  I  do  not  believe  that  you  need  any  more  force  in 
Washington  than  may  be  necessary  to  keep  such  records  as  the  Presi- 
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dent  and  his  Cabinet  and  Congress  may  desire  for  their  record,  and 
the  Treasury  Department. 

The  Chairman.  You  think,  perhaps,  then,  that  the  force  that  is 
here  in  the  city  now  should  be  transferred  to  the  Isthmus?  Is  that 
your  idea? 

Mr.  Wallace,  All  of  it  that  is  necessary  for  the  work.  In  other 
words,  that  the  organization  down  there  should  be  as  complete  and  as 
separate  from  the  United  States  as  your  government  in  the  Philip- 
pines— more  so,  if  possible.  In  other  words,  the  nearer  you  can  handle 
that^  work  the  way  a  large  contractor  would  handle  it  the  more 
efficient  the  results  will  be.  What  we  do  need  is  such  supervision  over 
that  construction  as  that  you  may  get  a  canal  there  so  wide  and  so 
deep  located  along  a  certain  line  as  soon  as  possible  and  have  the  work 
done  as  well  as  possible. 

The  Chairman.  It  would  be  necessary  for  that  supervision  to  be 
there  on  the  Isthmus  and  not  here? 

Mr.  Wallace.  Yes;  that  supervision  should  be  on  the  Isthmus,  and 
should  not  be  in  Washington. 

Senator  KiTTREDGE.  Suppose  that  Congress  should  decide  to  con- 
struct a  sea-level  canal  from  the  Atlantic  to  Obispo,  and  from  the 
Pacific  to  Miraflores,  with  a  width  of  300  feet,  would  its  construction 
materially  extend  the  time  of  doing  the  work? 

Mr.  Stallage.  No,  sir;  it  would  increase  the  cost,  but  it  would  not 
extend  the  time,  because  that  additional  work  would  not  last  longer 
than  it  would  take  to  cut  through  the  continental  divide.  It  could  all 
be  done  inside  of  the  period  that  you  are  taking  out  your  central  exca- 
yation. 

The  Chairman.  I  believe  there  are  no  other  Senators  that  desire  to 
ask  you  any  questions,  Mr.  Wallace. 

Mr.  Wallace.  There  are  one  or  two  suggestions  that  I  would  like 
to  volunteer,  if  you  will  permit  me  to  do  so. 

The  Chairman.  We  shall  be  very  glad  to  hear  them,  Mr.  Wallace. 

Mr.  Wallace.  One  is  with  regard  to  the  rate  on  the  Panama 
Kailroad. 

'  In  the  testimony  of  one  of  the  witnesses — I  think  the  president  of 
the  Panama  Railroad — he  said  that  the  cost  of  handling  freight  across 
the  Isthmus  was  $3.10  a  ton.  That  is  47  to  50  miles,  and  that  is  over 
6  cents  a  ton  a  mile.  I  want  to  say  to  you  gentlemen  that  that  is  the 
strongest  argument  that  could  be  made  before  you  for  the  proper  equip- 
ment of  the  Panama  Railroad  with  modern  appliances.  One-tenth  of 
that  amount — that  is,  six-tenths  of  a  cent  a  ton  a  mile — represents  the 
gross  revenue  of  a  great  many  of  the  railroads  in  the  United  States, 
out  of  which  they  have  to  pay  their  maintenance,  their  fixed  charges, 
and  everything  else;  and  the  fact  that  it  costs  $3.10,  or  6  cents  a  ton  a 
mile,  to  handle  freight  across  the  Isthmus  simply  shows  that  that  rail- 
road is  from  twenty-five  to  forty  \-ears  behind  the  times. 

The  engines  that  were  there  when  I  was  there,  when  they  were 
double  headed,  only  hauled  171  tons  over  that  divide  at  Cufebra,  a 
grade  of  about  1^  per  cent.  The  new  engines  which  we  bought  about 
that  time — 24  of  them — were  drawn  up  on  specifications  which  should 
enable  two  of  them  to  handle  1,000  tons  over  that  hill.  That  thousand 
tons  could  be  handled  for  the  same  cost,  as  far  as  transportation  is  con- 
cerned, as  the  171  tons  could  be  before,  except  that  they  would  take 
a  little  additional  coal;  but  they  would  not  take  any  more' supervision. 
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and  there  would  be  no  other  additional  expense  connected  with  it  In 
other  words,  if  you  make  this  171  tons  200  tons,  the  expense  of  trans- 
portation on  the  Isthmus  up  to  the  time  those  new  engines  were  put 
into  service  would  be  just  about  one-fifth  of  what  it  would  be  if  it  was 
equipped  with  modern  cars  and  modern  engines. 

Senator  Taliaferro.  You  mean  five  times  as  much,  do  you  not  J 

Mr.  Wallace.  Yes,  sir.  If  you  provide  proper  facilities  for  load- 
ing and  the  proper  wharves  so  that  you  can  handle  that  business  prop- 
erly you  can  make  money  at  $2  a  ton  flat.  It  is  true  that  when  I  say 
$2  a  ton  flat,  without  classification,  I  do  not  mean  that  the  freight  that 
passes  through  the  canal  will  not  be  classified,  because  all  through 
bills  of  f reign t  will  be  classified  in  accordance  with  the  custom  of  the 
steamship  line  or  the  route  over  which  it  sails.  But  what  I  mean  to 
say  is  that  you  get  as  near  as  you  can  with  a  railroad  a  condition  which 
will  be  similar  to  what  you  will  ^et  when  the  canal  is  built. 

When  the  canal  is  built  you  will  charge  on  the  tonnage  of  the  ves- 
sels; that  is,  it  will  be  a  flat  rate  as  far  as  the  stuff  in  any  one  vessel 
is  concerned.  The  nearer  the  vessel  is  full  the  lower  the  rate  will  be 
per  ton  for  the  stuff  that  is  actually  carried  in  the  vessel,  as  your 
canal  rate  will  be  either  the  Danube  measurement  or  the  English,  or, 
say,  net  registered  tonnage,  or  something  like  that;  but  it  will  have 
the  effect  of  a  flat  rate.  Any  flat  rate  you  put  on  that  business  over 
the  railroad — the  lower  the  better — will  have  a  proportionate  effect  on 
the  rates  through  this  canal,  although  those  through  rates  may  in 
themselves  be  classified  rates.  But  so  far  as  that  part  of  the  transit 
across  the  Isthmus  is  concerned  you  are  approaching  the  same  condi- 
tion of  affairs,  in  a  measure,  that  you  will  have  when  you  get  your 
canal  completed.     That  is  simply  a  point  I  wanted  to  clear  up. 

Just  berore  I  go,  there  is  another  thing  that  I  would  like  to  say  to 
you,  and  that  is  this:  That  I  do  not  think  that  you  can  ovei*appreciate 
the  importance  of  the  effect  of  protecting  our  future  trade  by  neadinff 
off  the  possible  development  of  that  route  by  way  of  Tehuantepec.  It 
goes  without  saying  that  it  is  much  easier  to  hold  a  line  of  trafiic  than  it 
is  to  get  it  awaj"  from  somebodj'  else  after  they  get  it  once.  I  do  not 
think  that  there  are  very  many  people  that  appreciate  what  the  Tehiian- 
tei)ec  route  means  if  they  get  it  establisheci  once.  A  low  rate  now  at 
Panama  and  the  demonstration  to  the  shipping  world  that  you  can 
handle  their  stuff  there,  and  handle  it  promptly  and  satisfactorily,  is 
^oing  to  keep  the  business  that  3^011  have  got  and  is  going  to  increa^^e 
it  very  rapidly. 

Another  point:  Of  course  it  goes  without  saying  that  some  time  will 
elapse  after  the  canal  is  completed  before  you  will  get  enough  revenue 
out  of  the  tolls  to  pay  your  interest  and  to  pay  your  expense  of  main- 
tenance and  operation.  But  the  increase  in  that  business  will  i>e 
gradual  year  by  year,  and  every  3^ ear  you  can  advance  the  consumma- 
tion of  that  condition  you  lose  that  much  less  money.  If  you  com- 
mence to  carry  that  business  there  now,  and  develop  _your  railroad  to 
its  limit  in  the  first  place,  and  make  the  rate  low,  and  it  takes  ten  vears 
to  build  the  canal,  tne  time  when  the  canal  will  pay  for  itself  will  be 
just  ten  3^ears  nearer  to  you.  In  other  words,  3'ou  can  afford  to  operate 
the  Panama  Railroad  at  a  loss  of  one  or  two  or  three  or  even  five 
hundred  thousand  or  a  million  dollars  a  3'ear  in  order  to  build  up  that 
business,  rather  than  to  wait  until  the  canal  is  done  and  then  attempt 
to  do  it  by  the  canal  itself,  after  3^ou  have  absolutely  ruined  that  route 
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as  a  transportation  line,  because  then  your  loss  may  be  five  or  six  or 
i*even  or  eight  or  ten  millions  of  dollars  a  year 'if  you  have  not  got  the 
business  for  your  canal. 

The  Chairman.  Your  idea  is  to  hold  on  to  the  present  business  and 
get  what  you  can? 

Mr.  Wallace;  Yes,  sir;  and  to  get  all  that  you  can,  just  the  same 
as  if  I  was  operating  it  for  a  private  corporation. 

The  distance  from  New  York  to  Hongkong  by  way  of  the  Tehaun- 
tepec  Bailway  is  1,351  miles  nearer  than  by  the  way  of  Panama. 
Freights  are  worth  on  an  average  of  $1  a  ton  for  a  thousand  miles.  That 
means  that  the  Tehauntepec  route  would  be  $1.35  plus  the  rate  over 
the  railroad  which,  say,  might  be  $2  or  $3  a  ton — granting  it  is  about 
$3  now — which  would  make  $4.35  a  ton.  Any  less  sum  than  that 
could  be  charged  by  the  Tehauntepec  Railroad,  and  make  money  out 
of  it,  and  also  save  about  five  days  in  time. 

The  distance  from  New  York  to  San  Francisco  by  that  line  is  about 
1,200  miles  shorter  than  by  way  of  Panama.  There  you  have  $1.20, 
plus  the  toll  across  the  Isthmus  of  $3,  or  whatever  it  will  be,  and  the 
saving  in  time  of  about  four  or  five  days.  That  holds  good  all  through 
here — I  mean  in  varying  proportions — but  they  have  an  advantage. 
That  is  partly,  of  course,  compensated  by  the  fact  that  they  have  175 
miles  to  naul  that  stuflf,  and  it  will  cost  them  the  same  to  handle  their 
stuff  on  the  wharves  that  it  does  at  Panama  and  Colon,  and  it  will  cost 
them  about  three  times  as  much  to  handle  it  over  the  railroad.  And 
there  is  a  reverse  advantage  to  us  in  that  fact,  which  we  can  overcome 
by  a  low  flat  charge  at  Panama  now,  if  we  fix  it  up,  and  we  can  keep 
that  business  for  a  less  loss  than  we  can  ever  get  it  back  again. 

I  have  some  data  here  about  these  rates  that  I  would  be  perfectly 
willing  to  leave  for  vour  record. 

The  Chairman.  We  should  be  glad  to  have  them. 

Mr.  Wallace.  Also  I  have  a  short  paper  here  that  shows  the  various 
ways  of  working  out  canal  dues,  etc.,  and  some  other  notes  that  1  had 
as  a  memorandum.  I  shall  leave  them  with  you,  as  they  express  some 
of  the  things  that  I  have  said  in  better  language  than  I  have  expressed 
thera  in  my  verbal  examination. 

The  Chairman.  We  shall  be  glad  to  have  those  put  in  the  record. 
We  appreciate  your  coming,  Mr.  Wallace,  and  will  excuse  you  now 
so  that  you  may  catch  your  train  if  you  desire. 

(The  committee  thereupon  adjourned  until  to-morrow,  Mtfrch  21, 
1906,  at  2.30  o'clock  p.  m.) 

(The  following  papers,  submitted  by  Mr.  Wallace,  are  printed  by 
order  of  the  committee.) 

THE   GATUN  DAM. 

There  is  no  reason  to  believe  that  the  weight  of  the  Gatun  dam  will 
compreiis  the  permeable  strata  which  exists  in  the  Chagres  Valley  in 
the  goi'ge  250  feet  deep.  While  mud  and  ordinary  clay  compress 
under  weight  the  witness  knows  no  case  where  a  permeable  strata  of 
freely  water-bearing  material,  fully  saturated,  has  ever  been  cut  off 
by  a  weight  imposed  on  a  surface  250  feet  above  it,  as  is  the  situation 
at  (jatun. 


646  INVEBTIOATION   OF  PANAMA  CANAL  BiATTEBS. 

The  fact  that  water  now  freely  flows  in  some  of  these  bottom  stratas 
at  a  very  great  depth  below  the  surface  should  be  a  sufficient  answer 
to  this  question;  also  the  fact  that  large  streams  of  subterranean 
water  frequently  exists,  freely  flowing  in  large  quantities  in  stratas 
of  gravel  and  sand  at  great  depths,  in  which  it  is  supposed  the  weight 
above  it  would  compress  it. 

In  my  own  experience  1  have  found  indurated  clay  in  the  bed  of  the 
Missouri  River,  and  underneath  it  I  have  found  loose  gravel,  bowlders, 
and  sand  of  a  f reelv  water-bearing  nature,  and  this  clay  has  been  00 
hard  that  it  has  weighed  as  high  as  120  pounds  to  the  cubic  foot;  as 
compared  with  the  mdurated  clay  at  Gatun  it  would  be  called  rock. 

As  the  strains  on  masonry  dams  are  the  subject  of  more  or  less  mathe- 
matical determination,  taken  in  connection  with  the  experience  of  cen- 
turies in  their  construction,  the  assurance  of  their  pei*manencj  is 
beyond  question. 

It  is  utterly  impossible  to  make  a  mathematical  demonstration  as  to 
the  permanency  of  earthen  dams,  and  the  fact  that  a  dam  of  earth  in 
one  locality  constructed  on  an  alluvial  foundation  with  a  f reel}'  water- 
bearing material  underneath  has  stood  for  a  few  years  is  no  evidence 
that  an  earthen  dam  situated  in  another  locality  on  a  foundation  of 
this  character  will  stand,  as  it  is  utterly  impossible  to  compare  the 
foundation  conditions  of  the  two  dams,  and  any  opinion  on  tnis  point 
is  purely  a  matter  of  conjecture. 

The  difference  in  the  character  of  the  foundations  of  the  Gatun  dam 
is  such  that  there  is  some  question  as  to  an  unequal  settlement  of  the 
material  of  which  the  dam  is  composed;  and  if  anj^  part  of  the  material 
should  be  compressed  as  predicted  by  the  report  of  the  Consulting 
Engineers,  cracks  would  develop  which  might  allow  the  water  to 
permeate. 

BASIS  FOR  MR.    STEARNS's  TESTIMONY. 

As  I  read  Mr.  Stearns^s  testimony  he  bases  his  main  argument  in 
favor  of  the  Gatun  dam  on  an  earthen  dam  recently  built  under  his 
control  in  the  United  States  where  there  is  no  evidence  that  exactly 
the  same  conditions  exist  as  at  Gatun,  and  which  dam  has  not  yet  been 
subject  to  the  pressure  or  strains  which  will  exist  at  Gatun,  and  which 
dam  may  properly  be  considered  not  as  a  demonstrated  but  as  an 
experimental  proposition.  If  the  dam  mentioned  by  Mr.  Steams  had 
stood  for  one  hundred  years  and  the  character  of  the  material  for  the 
same  depth  was  exactly  similar  to  that  of  the  Gatun  dam,  it  might  be 
possible  to  cite  it  as  an  argument  in  favor  of  the  Gatun  dam,  but  even 
then  it  would  be  of  doubtful  significance. 

SLOPES  OF  THE  OATUN  DAM. 

The  slope  at  which  it  is  proposed  to  construct  the  dam  is  liable  to 
rapid  disintegration  from  frequent  wash  on  account  of  the  heavy  rain- 
fall at  that  localitv  unless  it  is  protected  in  some  way. 

On  account  of  the  heavy  rainfall  it  is  a  most  unfavorable  location  for 
the  construction  of  earthen  dams,  as  the  material  is  likely  to  become 
supersaturated  and  be  subject  to  sui'face  washing,  sloughing,  and 
disintegration. 
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LABORATORY  TESTS. 

All  laboi-atory.  tests  regardincf  the  filtration  of  water  through  sand 
or  gravel,  to  my  mind,  are  utterly  valueless  in  the  treatment  of  a  ques- 
tion of  this  kind,  as  there  can  be  no  reasonable  parallel  in  the  condi- 
tions. It  is  not  a  question  of  the  dam  itself  holding  back  this  water, 
but  the  free  flow  of  water  in  the  impervious  strata  which  is  known  to 
exist  in  these  gorges,  which  it  is  proposed  to  leave  at  this  great  depth 
under  the  foundations  of  this  dam. 

THE  GATUN  LOCKS. 

One  of  the  great  dangers  of  locks,  particularly  when  three  are  placed 
in  flights,  is  that  they  require  continuous  construction  of  concrete 
walls  for  approximately  a  mile  in  length  and  the  material  must  be  of 
such  a  uniform,  homogeneous  nature  as  to  prevent  unequal  settlement 
of  the  locks.  If  the  material  is  different  in  character  the  result  would 
be  disastrous,  and  this  is  immensely  inten»iified  by  the  extreme  length 
of  the  large  masses  of  concrete  which  would  be  necessary  in  their  con- 
struction. 

TIDAL  LOOKS, 

The  necessity  for  tidal  locks  has  not  been  demonstrated,  but  haa 
simply  been  agreed  to  by  the  Board  of  Consulting  Engineers  as  a  mat- 
ter of  precaution  as  they  have  not  been  able  to  make  any  mathematical 
demonstration  of  the  elfect  of  currents  of  a  free  entrance.  While  I 
am  not  prepared  to  say  that  at  certain  stages  of  the  tide  it  would  not 
be  advantageous  to  have  locks,  I  have  not  vet  been  convinced  in  my 
own  mind  of  their  absolute  necessity,  and  I  have  yet  to  see  any  calcu- 
lations which  demonstrate  that  they  would  be. 

MAINTENANCE   AND  OPERATION. 

I  think  the  estimates  for  the  maintenance  of  the  sea-level  canal  are 
entirelv  too  high.  The  amount  of  sediment  brought  into  the  canal 
depends  upon  the  area  of  the  surface  washed  and  the  amount  of  rain- 
fall which  finds  its' way  directly  into  the  canal,  and  this  can  be  taken  care 
of  by  diversion  channels.  The  mere  fact  that  so  many  million  cubic 
yards  of  dirt  have  been  excavated  does  not  of  itself  increase  the  amount 
of  sediment.  The  various  benches  can  be  properly  treated  and  the  water 
can  be  taken  out  laterally  and  turned  into  diversion  channels  or  turned 
into  basins  which  will  take  it  out  of  the  canal  entirely. 

PANAMA   RAILROAD   RATES. 

Referring  to  Mr.  Shonts's  testimony  that  it  costs  $3.10  to  handle 
freight  across  the  Isthmus.  This  means  6  cents  per  ton  per  mile,  and 
this  fact  itself  is  the  strongest  argument  that  can  be  made  for  provid- 
ing the  i*ailroad  with  proper  facilities  and  operating  it  in  a  proper 
manner.  If  this  is  done  there  is  no  reason  why  the  rate  can  not  be 
reduced  to  an  average  flat  rate  of  $2  per  ton  without  loss  of  revenue. 
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USE  OF  RAILROAD   TO   DIVERT  COMMERCE  TO   PANAMA   ROUTE. 

It  is  generally  admitted  that  during  the  first  years  of  canal  opera- 
tion the  revenue  will  not  be  sufficient  to  pa}"  the  operating  expenses 
an'd  the  interest  on  the  cost  of  construction,  even  on  a  2  per  cent 
basis.  For  a  few  years  this  country  will  be  expected  to  carry  a  losing 
investment  with  the  hope  of  large  gains  later  on.  The  increase  will 
of  course  be  gradual,  year  by  year,  as  commerce  is  induced  to  use  the 
Panama  route. 

The  full  development  of  the  Panama  Bailroad  will  assist  in  causing 
the  more  rapid  approach  of  the  time  when  the  revenues  derived  from 
the  traffic  through  the  canal  will  carry  the  investment.  Conseauently, 
if  proper  facilities  are  provided  and  a  low  flat  rate  established,  an 
increase  in  commerce  will  begin  at  once.  Even  if  the  facilities  pro- 
vided at  this  rate  make  a  small  loss  from  year  to  year  in  the  operation 
of  the  railroad,  if  it  advanced  to  the  extent  of  a  single  year  the  time 
when  the  canal  will  pay  the  interest  on  the  cost  of  construction  and  its 
maintenance  and  operating  expenses,  the  great  gain  will  more  than 
make  up  for  any  slight  loss  of  revenue  in  the  railroad  in  the  meantime. 

CANAL   DUES. 

[Prepared  by  E.  L.  Corthell,  C.  E.] 

Assuming  the  ordinary  steamship  and  the  ordinary  rules  for  ascer- 
taining net  register,  and  considering  the  relations  between  net  register 
tonnage  and  "dead  weight"  tonnage,  one  being  on  a  basis  of  100 cubic 
feet  per  ton  and  the  other  on  67  cubic  feet  per  ton  (this  being  the 
average  space  occupied  by  a  ton  of  freight),  we  would  have  for,  sav,  a 
5,000  net  register  ton  freight  steamer  the  following  tonnages,  weigbts, 
etc.  It  must  be  borne  in  mind  that  there  are  several  kinfls  of  tons 
and  tonnages: 

1.  "Gross  register  tonnage,"  which  is  all  the  inclosed  space  of  the 
vessel,  and  each  100  cubic  feet  of  this  gross  space  is  a  ton. 

2.  "Net  register  tonnage,"  which  is  the  cargo  and  passenger  carry- 
ing capacity  of  the  vessel,  each  ton  being  100  cubic  feet. 

3.  "Dead  weight  tonnage,"  which  is  the  whole  net  register  space 
divided  by  67  cubic  feet  for  each  ton,  this  being  considered  the  average 
space  occupied  by  average  ton  of  freight. 

4.  ''The  charter  ton,"  or  freight  ton,  being  40  cubic  feet. 

5.  "The  displacement  ton"  equals  2,240  pounds;  in  metric  system 
the  weight  of  1  cubic  meter  of  distilled  water  equals  2,204  pounds. 
This  is  the  only  weight  ton. 

We  have  then  for  the  relations  and  figures  of  the  5,000  net  register 
ton  vessel  the  following: 

Calling  load  displacement Unity^ 

Groes  register  tonnage per  cent . .  57 

Net  register  tonnage do. . .  3S 

Weight  of  hull  and  motive  power do. . .  44 

Weight  of  cargo do...  56 

Therefore — 

When  the  net  register  tonnage tons. .  5, 000 

Gro88  register  tonnage  equals do. . .  7, 400 

Load  displacement pounds. .  13, 00O-2, 240 

Weight  of  hull  and  motive  power do...  5,700-2,240 

Weight  of  cargo do...  7,300-2,240 

Assuming  the  rate  of*  $2  per  net  register  ton  for  transit  dues,  the 
cargo  carried  will  pay  only  $1.36  per  ton  of  2,240  pounds. 
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SUEZ  CANAL. 


[Prepared  by  E.  L.  Gorthell,  C.  E.] 


Gross  tonnage  passing  through  the  Suez  Canal  last  year  was  18,000,- 
000  tons,  and  the  net  Danube  measurement  was  13,000,000  tons  at 
7}  francs  per  ton,  or  about  $1.50. 

The  capitalization  of  the  Suez  Canal,  including  betterments,  is  now 
about  $125,000,000,  and  it  is  understood  that  the  canal  now  pays  for 
itself  every  four  years  on  the  present  basis  of  earnings. 

Table  of  comparative  distances  in  statute  miles. 


From  New  York  to  Hongfkong: 

Via  Cape  Horn 

Cape  of  Good  Hope , 

Suez  Canal 

Panama  Railroad , 

Isthmus  of  Tebuantepec , 

New  York  to  Yokohama: 

Cape  Horn 

Cape  of  Good  Hope 

Suez  Can  al 

Panama  Railroad 

Isthmus  of  Tehuantepec 

New  York  to  Auckland,  New  Zealand: 

Suez  Canal 

Cape  of  Good  Hope 

Cape  Horn , 

Panama  Railroad 

Irthmus  of  Tebuantepec 

New  York  to  Melbourne: 

Cape  Horn 

Suez  Canal. 


Cape  of  Good  Hope  . 


Panama  Railroad 

Isthmus  of  Tebuantepec. 
New  York  to  Honolulu: 

Cape  Horn , 

Panama  Railroad 

Isthmus  of  Tebuantepec. 
New  York  to  San  Francisco: 

Cape  Horn 

Panama  Railroad 

Isthmus  of  Tebuantepec. 
Liyerpool  to  Hongkong: 

Cape  Horn 

Panama  Railroad 

Cape  of  Good  Hope 

Istnmus  of  Tebuantepec . 
Liverpool  to  Yokohama: 

Cape  Horn . 


Cape  of  Good  Hope  . 
-^  adT.. 


Panama  Railroad 

Isthmus  of  Tebuantepec. 
Liverpool  to  Auckland,  New  Zealand: 

Cape  of  Good  Hope 

Suez  Canal 

Cape  Horn 

Panama  Railroad 

Isthmus  of  Tebuantepec. 

Liverpool  to  San  Francisco: 

Cape  Horn 

Panama  Railroad 

Isthmus  of  Tebuantepec 

New  Orleans  to  Hongkong: 

Cape  Horn 

Cape  of  Good  Hope 

Suez  Canal 

Panama  Railroad 

Isthmus  of  Tebuantepec 

New  Orleans  to  Yokohama: 

Cape  Horn 

Cape  of  Good  Hope 

Suez  C!ana1 

Panama  Railroad 

Isthmus  of  Tebuantepec 


Total  dis- 
tance. 


£zce88  over 
Tebuante- 
pec route. 


MiUa, 
20,879 
16,945 
13,696 
12,963 
11,602 

19,802 
18,085 
15,627 
11,256 
10,006 

16,871 
16, 719 
13,890 
10.306 
9,424 

16,215 
15,171  , 
15,019 
11,826  i 
11,065 

15,826 
7,939 
6,663 


16,562  ] 
8,885  ! 
8,276 

20.804 
17.485 
16, 108 
12.308 
10,273 

20,227 
18.625 
17.039 
10.611 
8,637 


Miles. 
8,777 
5,343 
1,994 
1,851 


9,796 
8,079 
5,521 
1,250 


7,447 
7,296 
4,466 

881 


4,160 

4,106 

3,964 

761 


9,163 
1,276 


15,687 
6.063 
4,890 

10,797 
1,173 

20,606 
16,471 
15,722 
15,263 

19,400 
17,653 
14.540 
13.455 

5,358 

1,218 

469 

5,945 
4.198 
1,085 

16.221 
14,646 
13,897 
13,312 
12.809 

3,412 

1,836 

1.088 

503 

8,250 
609 


10,531 
7.212 
4,835 
2,035 


11,590 
9,988 
8,402 
1,974 


650 


INVESTIGATION   OF   PANAMA  OANAL   MATTEBS. 


Table  of  comparative  distances  in  staitUe  miles — Continued. 


New  Orleans  to  Auckland,  New  Zealand: 

Suez  Canal 

Cape  of  Qood  Hope 

Cape  Horn 

Panama  Railroad 

iBthmuR  of  Tehuan  tepee 

New  Orleans  to  Melbourne: 

Suez  Canal 

Cape  Horn . 


Cape  of  Good  Hope  . 
~  "    adv.. 


Panama  Railroad 
Isthmus  of  Tehuan  tepee . 

New  Orleans  to  Honolulu: 

Cape  Horn , 

Panama  Railroad 

Isthmus  of  Tehuan  tepee. . . 

New  Orleans  to  San  Francisco: 

Cape  Horn , 

Panama  Railroad , 

Isthmus  of  Tehuan t«pec. . . 


Total  dis- 
tance. 


Miie8. 
18.381 
17.259 
14,314 
9.669 
8.096 


Excess  over 
Tehuan  te- 
pee route. 

MiUs. 
10,285 
9,164 

6,219 
1.564 


16,683 
16,640  I 
K).660  I 
11,181  ' 
9,736  j. 

16, '251  ' 
7.294 
6,334 

16,112 
6,418 
8,5(51 


6,947 
6,904 

5.824 
1,445 


10,917 
1.960 


12,551 
1,857 


In  considering  the  saving  in  the  value  of  distances  by  either  the 
Panama  Railroad  or  the  Tehuantepec  route  it  is  reasonable  to  take 
250  miles  a  day  as  the  average  rate  of  speed  of  a  cargo  steamer  and 
the  average  rate  of  ocean  freight  as  approximately  a  dollar  a  ton  in 
weight  4or  each  1,000  miles. 


STATEMENT  OF  COL  OSWALD  H.  ERNST. 

U.  S.  ARMY, 

BEFORE  THE  COMMITTEE  ON  INTEKOCEANIC  CANALS, 
UNITED  STATES  SENATE. 


ISTHMIAN  CANAL. 


Committee  on  Interoceanic  Canals, 

United  States  Senate, 
Washington^  D,  C,  Monday^  March  26^  1906. 
The  committee  met  at  2  o'clock  p.  m.  (only  an  executive  session 
having  been  held  on  Wednesday  last). 

Present:  Senators  Millard  (chairman),  Kittredge,  Dry  den,  Knox, 
Ankeny,  Morgan,  and  Taliaferro. 

STATEMENT  OF  COL.  OSWALD  H.  EKK ST,  TT.  S.  AKMT. 

The  Chairman.  General  Ernst,  will  you  be  kind  enough  to  give  the 
stenographer  your  name  and  rank? 

Colonel  Ernst.  O.  li.  Ernst;  colonel.  Engineer  Corps,  U.  S.  Army. 

The  Chairman.  And  your  present  position  ? 

Colonel  Ernst.  I  am  now  a  member  of  the  Isthmian  Canal  Commis- 
sion. 

The  Chairman.  When  were  you  appointed  a  member  of  the  Com- 
mission ? 

Colonel  Ernst.  I  was  appointed  a  member  of  this  Commission  on 
the  1st  of  April  last. 

The  Chairman.  You  have  been  an  engineer  in  the  Army  for  a  good 
while  i 

Colonel  Ernst.  Yes,  sir;  I  graduated  at  West  Point  in  1864,  and 
have  served  in  the  Corps  of  Engineers  ever  since — forty-two  years. 

The  Chairman.  Now,  Colonel,  we  would  like  to  have  you,  as  a 
member  of  the  Commission  and  an  arraj^  engineer,  give  us  your 
experiences  upon  the  Isthmus  and  your  judgment  in  regard  to  the 
work  which  is  going  on  there  at  the  present  time.  You  have  been  on 
the  Isthmus,  as  I  understand  it,  a  good  many  times? 

Colonel  Ernst.  Yes,  sir.  The  last  time  I  was  there  was  in  October, 
and  I  found  things  in  a  very  favorable  situation.  The  temper  was 
excellent ;  the  tone  of  the  force  employed  there  was  first-rate.  The 
men  in  charge  seemed  to  me  to  be  earnest  and  capable.  They  were 
getting  supplies  with  reasonable  promptness,  and  I  felt  very  much 
encouragea. 

The  Chairman.  When  were  you  there  previous  to  that  time,  and 
how  long  were  you  there  ? 

Colonel  Ernst.  I  was  there  in  July,  also,  of  this  last  year. 

The  Chairman.  Were  you  ever  there  prior  to  Julv  ? 

Colonel  Ernst.  I  was  there  in  1899— the  spring  of  1899  and  1900. 

The  Chairman.  When  the  French  company  was  in  charge  of  the 
work? 
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Colonel  Ernst.  Yes,  sir. 

The  Chairman.  Now,  Colonel,  we  want  your  best  information  in 
regard  to  matters  as  they  exist  there,  and  particularly  in  regard  to  the 
two  plans  of  canal  that  have  been  submitted. 

Colonel  Ernst.  I  have  made  a  very  careful  review  of  ail  the  ail- 
ments presented  on  both  sides  as  exhioited  in  these  two  reports  which 
you  have  before  you — the  majority  and  the  minoritv  reports — and  I  am 
satisfied  that  the  United  States  will  get  a  perfectly  satisfactory  canal 
in  very  much  less  time  and  for  very  much  less  money  under  the  plan 
proposed  by  the  minority.  I  believe  that  the  canal  under  that  plan 
will  cost  little  more  than  half  what  the  canal  of  the  majority  will  cost, 
and  the  time  will  be  a  little  more  than  half,  and  when  done  it  will  be 
a  better  canal,  because  it  will  be  three  times  as  big  a  canal.  The  vol- 
ume of  ^ater  in  the  sea-level  canal  is  only  one-third  what  the  volume 
of  water  is  in  this  lock  canal.  Leave  out  evervthing  in  those  lakes 
beyond  the  width  of  1,000  feet  and  everything  beyond  a  depth  of  45 
feet  and  you  have  three  times  the  number  of  cubic  yards  of  water  in. 
the  lock  canal  that  you  have  in  the  sea-level  canal. 

If  we  could  eliminate  the  locks  it  would  be  a  fair  statement  to  say 
that  the  lock  canal  offers  three  times  the  facilities  for  navigation  that 
the  sea-level  canal  does. 

Senator  Kittredge.  Just  a  minute.  Colonel.  What  about  the  canal 
going  through  the  Culebra  cut?  Do  you  say  that  the  canal  going 
tnrough  that  cut  offers  three  times  the  facilities  for  navigation  ? 

Senator  Knox.  He  is  speaking  of  it  as  an  entirety. 

C^yolonel  Ernst.  I  am  si>eaking  of  it  as  an  entirety — ^as  a  waterway. 

Senator  Kittredge.  Right  there,  is  not  the  capacity  of  your  canal 
limited  by  the  maximum  capacity  in  any  particular  part? 

Colonel  Ernst.  No,  sir. 

Senator  Kittredge.  By  the  maximum  capacity  in  the  Culebra  cut, 
for  instance? 

Colonel  Ernst.  No,  sir.  The  size  of  vessels  is  limited,  but  not  the 
capacity  of  the  canal.  The  capacity  of  the  canal  varies  with  the 
facilities. 

Senator  Kittredge.  Is  not  the  capacity  of  your  canal  limited  by 
the  capacity  of  your  locks  ? 

Colonel  Ernst.  Oh,  yes;  not  the  capacity  of  the  canal,  necessarily, 
but  the  size  of  the  ships. 

Senator  Kitiredge.  Is  not  the  capacity  of  your  canal  for  usable 
purposes  limited  by  the  capacity  of  your  locks? 

Colonel  Ernst.  It  depends  a  good  deal,  Senator,,  on  what  we  mean 
by  "capacity." 

Senator  Kjttredge.  I  mean  the  number  of  ships  that  can  pass 
through. 

Colonel  Ernst.  Yes.  Now,  what  I  saj^  is  that  the  capacity  of  a 
waterway  which  is  1,000  feet  wide  for  a  large  part  of  its  distance  and 
45  feet  deep  or  more  is  greater  than  the  capacity  of  a  canal  which 
is  only  200  feet  wide  or  150  feet  wide  and  40  feet  deep,  notwithstand- 
ing that  one  can  not  take  any  biffger  vessels  than  the  other.  I  mean 
the  facilities,  the  ease  with  whicn  they  can  get  through  and  pass  each 
other. 

Senator  Kittredge.  You  mean,  then,  to  make  that  statement  upon 
the  basis  of  eliminating  the  locks  and  eliminating  the  narrow  passage 
through  the  Culebra  Cut? 
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Colonel  Eknst.  1  was  going  on  to  say  that  these  are  to  counterbalance 
each  other.  One  canal  is  three  times  as  big  as  the  other;  but  the  one 
has  these  locks,  which  are  an  objection  on  the  other  side. 

Senator  Knox.  You  mean  that  the  area  of  the  waterway  in  the  lock 
canal  is  three  times  as  great  as  the  area  of  the  waterway  in  the  sea- 
level  canal  in  its  entirety?     Is  not  that  what  you  mean? 

Colonel  Ernst.  Yes;  only  not  area,  but  volume — cubic  volume. 

Senator  Knox.  Volume? 

Colonel  Ernst.  Yes;  that  is  what  I  say.  That  is  one  of  my  reasons 
for  thinking  that  it  is  a  safer  waterway.  * 

Senator  Taliaferro.  But  in  connection  with  the  inquirj'  of  Senator 
Kittredge,  you  can  not  get  any  more  vessels  through  that  larger  water- 
way than  you  can  get  through  your  narrow  locks  or  your  narrow  cut 
through  Culebra? 

Colonel  Ernst.  They  all  have  to  go  through  the  locks,  of  course; 
but  what  I  mean  to  say  is  that  you  get  greater  speed. 

Senator  Taliaferro.  After  they  get  through? 

Colonel  Ernst.  Yes;  except  they  are  detained  at  these  isolated  points. 
When  they  are  elsewhere,  tor  the  rest  of  the  47  miles,  they  have  a 
free,  open  waterway  where  they  can  go  at  much  greater  speed  and 
with  much  less  risk  of  collisions  or  groundings,  or  anything  of  that 
kind. 

The  Chairman.  Now,  Colonel,  if  you  are  ready,  be  kind  enough  to 
proceed. 

Colonel  Ernst.  The  plan  as  it  was  laid  out  by  the  minority  has 
straight  courses.  You  can  guide  a  vessel  through  submerged  banks 
very  much  better  in  a  canal  with  straight  courses  than  you  can  where 
the}^  are  all  curved.  They  make  their  changes  all  at  one  place;  the}^ 
run  along  a  straight  course  and  then  make  a  change  and  then  run 
along  another  straight  course.  That  has  been  found  a  very  great 
advantage  in  the  channels  between  the  Great  Lakes. 

Senator  Morgan.  When  making  the  changes  that  you  speak  of, 
ColoneU  do  they  have  to  stop  the  snip^ 

Colonel  Ernst.  No,  sir;  they  just  slow  up  at  the  curves.  Instead  of 
keeping  on  a  turn  all  the  time,  they  run  straight  up  to  the  angle,  and 
there  the  channel  is  widened  out. 

Senator  Morgan.  It  is  practically  a  stopping  of  the  ship,  is  it  not? 
It  is  a  slowing  up? 

Colonel  Ernst.  It  is  a  slowing  up. 

Senator  Morgan.  You  slow  up  when  you  reach  certain  points,  and 
then  you  take  a  new  course? 

Colonel  Ernst.  Yes. 

Senator  Morgan.  And  steer  for  that? 

Colonel  Ernst.  Yes. 

Senator  Dryden.  Do  you  remember  how  many  of  those  angles 
there  are  in  the  lock  canal  t 

Colonel  Ernst.  I  do  not  remember,  but  we  can  easily  count  them. 
They  are  all  exhibited  here.     Shall  I  count  them? 

Senator  Dryden.  If  you  please,  yes:  and  in  counting  them  kindly 
point  them  out  on  the  map. 

(Colonel  Ernst  thereupon  pointed  out  on  the  map  the  locations  of 
the  angles  referred  to  and  stated  that  there  were  nineteen  of  them.) 

Senator  Dryden.  That  is  about  one  to  every  2  miles? 

Colonel  Ernst.  Yes,  sir. 
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Senator  Dryden.  'Just  a  little  less  than  one  every  2  miles  oir  an 
average.  The  point  you  make  upon  that  is  that  these  are  well-defined 
angles,  and  that  the  ship  can  make  greater  progress  by  turning  the 
angles,  even  if  at  slow  speed,  and  then  having  a  straightaway  course, 
say,  for  2  miles,  than  it  could  b3'  going  around  the  curves  that  exist 
in  the  sea-level  scheme.     Is  that  it.  Colonel  ? 

Colonel  Ernst.  Yes,  sir;  that  is  it.  They  are  much  more  easily 
marked. 

Senator  Dryden.  Do  3^ou  know  how  many  of  those  curves  there  are 
in  the  sea-level  scheme? 

Colonel  Ernst.  It  is  stated  in  the  report.  I  can  find  that  for  you. 
I  do  not  recall. 

Senator  Dryden.  You  need  not  look  it  up. 

Colonel  Ernst.  It  is  an  almost  continuous  curvature. 

The  Chairman.  Colonel,  the  dark  covered  book  there  has  both 
reports  in  it,  and  everything  connected  with  the  reports  of  the  Board. 

Senator  Morgan.  Giving  the  same  depth  and  prism  to  the  canal, 
there  is  no  more  diflSculty  m  steering  through  a  sea-level  canal  than 
through  a  lock  canal,  is  there? 

Colonel  Ernst.  Onljr  for  the  reason  that  in  one  you  have  straight 
courses  and  in  the  other  you  have  continuous  curvature  or  almost  con- 
tinuous curvature. 

Senator  Morgan.  How  do  you  get  a  straight  course  in  the  lock  canal 
through  the  Culebra  cut?  The  curves  are  just  the  same,  are  they  not, 
in  the  lock  canal  and  in  the  sea-level  canal  through  the  Culebra  Heights  I 

Colonel  Ernst.  Not  quite  the  same.  In  the  lock-canal  plan  they 
have  paid  great  attention  to  that  feature,  and  in  the  other  they  have 
not.  That  is  the  difference.  There  is  some  slight  difference  in  the 
Culebra  cut.  There  need  not  be,  however.  It  is  not  necessary  that 
there  should  be,  but  as  a  matter  of  fact  they  paid  no  particular  atten- 
tion to  that  feature  of  having  straight  courses.  They  thought  that  if 
the  curvature  was  gentle  that  was  all  that  was  necessary;  but  I  regard 
having  the  courses  absolutely  straight  as  an  advantage. 

Senator  Morgan.  It  is  practicable  to  make  a  straignter  line  with  the 
lock  canal  through  the  Culebra  Heights  than  it  is  with  sea-level  canal  if 

Colonel  Ernst.  No,  sir;  it  is  not. 

Senator  Morgan.  The  line  would  have  to  be  practically  the  same? 

Colonel  Ernst.  Pretty'nearlv  the  same  thing;  and  if  you  keep  that 
in  view,  it  is  just  as  easy  to  make  one  as  the  other. 

Senator  Kittredge.  You  say  "pretty  nearly  the  same."  In  what 
respect,  and  where,  are  they  at  all  different? 

Colonel  Ernst.  Simply  in  laying  down  the  lines  on  the  map  by  the 
engineer;  if  he  takes  particular  pams  to  get  his  lines  straight,  he  will 
cut  off  a  little  more,  perhaps,  than  he  would  otherwise. 

I  believe  those  cover  the  reasons  wh}"  I  prefer  the  minority  plan. 
There  have  been  one  or  two  points  raised  in  the  evidence  which  has 
been  before  you,  Mr.  Chairman,  which  I  would  like  to  refer  to,  unless 
Home  one  has  other  questions  to  ask. 

The  Chairman.  You  may  proceed. 

Colonel  Ernst.  On  page  1760  of  the  evidence  I  read  this— Mr.  Par- 
sons was  on  the  stand.     [Reading:] 

"Senator  Kittredge.  Then,  as  I  understand  you,  notwithstanding 
the  statement  in  the  minority  report  of  the  usable  dimensions  of  this 
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lock  as  900  feet  by  95  feet,  in  the  plan  presented  to  us  the  usable 
dimensions  are  in  fact  790  feet  as  to  length? 
''Mr.  Parsons.  That  is  a  fact. 
''Senator  Kittredge.  Bv  what  width? 
"Mr.  Parsons.  Ninety-five  feet. 

'^ Senator  Kittredge.  Is  it  not  possible  to  lengthen  the  entire  lock 
structure  so  as  to  have  a  usable  length  of  900  feet? 

"  Mr.  Parsons.  It  is  not  possible  to  do  that  and  still  keep  the  three 
locks  in  flight. 
"  Senator  Kittredge.  Why  is  that? 

"Mr.  Parsons.  The  topograhy  of  the  ground  (is  such),  falling  off 
at  both  ends,  that  you  could  not  get  a  longer  structure  in  there." 
Then,  farther  on  down: 

"There  is  a  divide  there,  a  ridge,  with  suitable  material  for  founda- 
tions, rock  or  a  ver}'  hard  clay  amounting  almost  to  a  rock,  and  at  such 
reasonable  depth  as  to  be  reached  bj^  the  locks.  But  when  you  come 
to  make  the  locks  of  a  thousand  feet  each,  with  the  space  between  the 
locks  for  the  gates  and  the  clearances  between  the  locks,  the  ends  of 
that  structure  would  overhang  the  sides  of  this  ridge  so  that  the  ends 
would  not  have  a  proper  foundation.  The  ends  would  include,  of 
course,  the  end  gates  at  both  ends,  where  it  is  most  important  that 
there  should  be  a  satisfactory  foundation. 

"The  minority,  therefore,  decided  not  to  use  1,000-foot  locks.  In 
other  words,  three  members  of  the  minority  reversed  themselves  in 
their  original  decision  of  a  thousand  feet  and  dropped  back  to  a  900- 
foot  lock,,  so  as  to  get  in  three  locks  of  900  feet  each  in  this  situation. 
"Then,  when  an  objection  was  made  to  the  danger  of  locks  in  flight, 
they  still  further  reduced  it,  as  Mr.  Bates  has  pointed  out,  by  intro- 
ducing the  safety  gates,  the  second  set  of  gates,  and  by  putting  them 
inside  of  the  900-foot  length. 

"  Senator  Kittredge.  And  thereby  reducing  the  usable  length  dimen- 
sion to  less  than  800  feet? 
"  Mr.  Parsons.  To  something  less  than  800  feet." 
The  Chairman.  That  refers  to  the  locks  at  Gatun,  I  presume? 
Colonel  Ernst.  Yes,  sir. 
Now,  as  for  the  site,  we  have  a  cablegram  from  Mr.  Stevens,  which 

I  believe  is  on  file 

The  Chairman.  By  the  way.  Colonel,  right  here  I  will  hand  you 
these  cablegrams,  and  will  ask  you  to  look  them  over  and  comment  on 
them,  and  then  allow  them  to  go  into  the  record.  This  one  appears 
to  have  been  sent  by  Mr.  Stevens  to  Mr.  Shonts  and  the  other  is  to 
the  Secretary  of  War.  If  3^ou  will  have  the  kindness  to  look  those 
over  and  read  them  to  the  committee  and  then  comment  on  them,  I 
would  like  to  have  them  in  the  record  after  you  are  through  with 
them. 

Colonel  Ernst.  Here  is  a  telegram  dated  March  17  from  the  chief 
engineer  on  the  Isthmus,  Mr.  Stevens. 

The  Chairman.  I  think  you  should  read  the  other  one  first — the  one 
to  Mr.  Stevens. 
Colonel  Ernst.  The  one  from  Mr.  Shonts? 

The  Chairman.  Yes.  It  seems  to  have  been  from  Mr.  Shonts  to 
Mr.  Stevens. 

ENO  I  c — 06 43 
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.  Colonel  Ernst.  Mr.  Shoots,  after  this  evidence  was  given,  tele- 
graphed this  to  Mr.  Stevens: 

Confidential.]  March  16,  1906. 

Stevens,  Panama: 

Burr  and  Parsons  testified  in  favor  sea  level  and  stronglj^  against 
lock,  asserting  Gatun  Hill  not  large  enough  to  permit  construction 
three  locks  in  series  with  usable  length  exceeding  790  feet  each,  and 
proper  foundation  dam  not  attainable.  Noble  testified  in  favor  of  lock 
canal,  but  had  no  figures  to  refute  statements  about  length  Gatun 
Hill. 

Shonts. 


March  IT,  1906. 
Shonts,  WaMngton: 

Cablegram  of  16th  received.  I  have  just  made  careful  personal 
examination  exact  site  Gatun  dam.  There  is  ample  length  with  per- 
fect foundations  for  longer  locks  than  reported  by  minority  of  board. 
Contradict  Burr  and  Parsons  on  my  authority,  and  say  that  if  nature 
had  intended  triple  locks  there  she  could  not  have  arranged  matters 
better. 

Stevens. 

The  Secretary  of  War  also  telegraphed  to  Mr.  Stevens,  on  the  18th 
of  March,  as  follows: 

March  18,  1906. 
Stevens,  Panama: 

Would  it  not  be  wise  for  you  to  examine  and  measure  Gatun  Hill 
with  reference  to  the  question  raised  by  Burr  and  Parsons?  It  ought 
to  be  done,  if  done  at  all,  at  once. 


Tapt. 


Reply,  dated  March  20,  1906: 


Isthmian,  Washington: 

Replying  to  Secretary  Taft  cable,  18th,  I  say  limits  in  length 
required  for  twin  triple  locks,  Gatun,  3,100  feet;, in  width  300  feet. 
Have  fully  developed  by  one  hundred  borings,  3,800  feet  in  length 
and  300  width,  on  exact  site,  perfect  foundations,  and  can  build  two 
sets  of  three  locks,  each  1,150  feet  long  if  necessary,  and  perhaps 
much  longer.     Conditions  ideal  for  construction  and  pennanency. 

Stevens. 

Senator  Morgan.  Is  that  two  sets  in  flight,  or  three,  that  you  men- 
tion ? 
Colonel  Ernst.  Three. 
Senator  Morgan.  Three  in  flight? 

Colonel  Ernst.  Yes,  sir;  they  are  double,  but  there  is  a  flight  of  three. 
Senator  Kittredge.  What  was  the  total  length  that  he  found  there  i 

Colonel  Ernst.  He  says  enough  to  make 

Senator  Kittredge.  1  mean  the  total  length. 
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Colonel  Ernst.  He  says  enough  to  make  three  locks  1,150  feet  long 
each. 

Senator  Kittredoe.  Does  that  mean  that  the  aggregate  length  suit- 
able for  the  lock  structure  is  three  times  1,150  feet? 

Colonel  Ernst.  Yes,  sir;  that  is  what  that  means. 

Senator  Morgan.  Three  times  1,150  feet? 

Senator  Kittredge.  That  means  there  is  8,450  feet  there? 

Colonel  Ernst.  Yes,  sir;  it  means  more  than  that.  It  means  that 
there  is  that  plus  the  space  required  for  the  structure  outside  of  the 
locks  themselves. 

Senator  Kittredge.  That  is  what  I  was  getting  at. 

Colonel  Ernst.  That  is  the  way  he  describes  it — that  it  is  abundant 
to  build  locks  1,150  feet  long  or  more,  but  of  course  you  can  not  build 
a  lock  without  giving  the  proper  suppoi-ts  outside  of  the  locks  them- 
selves. 

It  is  stated  here  in  the  first  place  that  they  cut  down  their  length 
from  1,000  to  900  feet  because  they  did  not  have  room.  That  shows 
that  that  was  not  the  reason. 

It  is  stated  also  that  the  900  feet  is  short.  Now,  here  is  the  original 
drawing  filed  with  the  Commission,  which  I  brought  up  here  so  that 
you  could  see  for  yourselves.  It  covers  four  different  studies.  The 
only  one  which  we  are  concerned  with  now  is  this  one  [indicating], 
which  is  the  Gatun  locks  in  flight  of  three.  I  have  had  a  tracing 
taken  of  that  part,  but  I  thought  I  would  bring  the  whole  thing  here 
so  that  you  can  see  that  this  is  the  original  drawing  filed  by  that  Con- 
sultinfif  Board. 


In  describing  a  lock  engineers  have  to  use  two  lengths,  one  being 
the  total  length  of  the  chamber,  which  they  use  in  computing  the  vol- 
ume of  water  that  is  required  to  fill  it,  but  in  that  must  be  included 
room  euouffh  for  the  gates  to  swing.  You  can  not  put  in  a  ship  the 
total  length  of  the  chamber.  So  they  have  another  length  that  they 
call  the  usable  length,  which  is  less. 

Senator  Kittredge.  What  is  the  difference  between  the  two? 

Colonel  Ernst.  What  is  the  difference? 

Senator  Kittredge.  Yes. 

Colonel  Ernst.  In  this  case  it  is  55  feet. 

Senator  Kittredge.  At  each  end? 

Colonel  Ernst.  No,  sir;  the  total  length.  The  length  here,  between 
point  posts,  from  quoin  to  quoin — perhaps  the  better  expression 
would  DC  "gateposts." 

Senator  Iuttredge.  I  understand  what  they  are. 

Colonel  Ernst.  The  distance  between  the  gateposts  in  this  case  is 
955  feet.  That  is  adjusted  so  as  to  give  900  feet  clear,  allowing  for 
these  gates  to  swing. 

Senator  Kittredge.  Do  \'ou  not  have  gates  swinging  at  each  end  of 
your  lock  structure  ? 

Colonel  Ernst.  Not  swinging  in  the  chamber;  they  are  outside. 
They  do  not  swing  both  ways,  you  know.     Here  is  the  chamber.    The 

?ites  have  to  swing  around  into  these  recesses  at  that  end  [indicating]. 
hey  do  the  same  thing  at  this  end  [indicating],  but  of  course  they  do 
not  interfere  with  the  length  of  the  lock  chamber. 

The  distance  from  quoin  to  quoin — that  is,  between  the  gate  posts — 
in  this  case  is  955  feet  in  order  to  give  900  feet  of  usable  length.     It 
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is  said  that  in  that  upper  lock  they  have  put  this  guard  gate  into  that 
chamber  and  have  encroached  on  it  in  that  way.  They  have  put  it 
into  the  chamber,  but  they  have  not  encroached  on  it. 

Senator  Kittredge.  I  wish  you  would  tell  us  just  why  they  have 
not  made  that  encroachment. 

Colonel  Ernst.  That  is  what  I  had  this  diagram  made  for.  This 
[referring  to  diagram]  is  upstream.  You  see,  the.gates  all  point  that 
way.  Tnis  is  upstream.  In  the  case  of  a  boat  entering  the  lock 
upstream  both  these  gates  stand  open.  The  boat  comes  down  here 
to  this  gate  and  stops.  This  upper  gate  is  then  closed.  Now  3^ou 
have  got  three  gates  closed.  Then  this  gate  is  opened;  the  boat  is 
pushed  forward  80  feet 

Senator  Kittredge.  How  pushed  forward  ? 

Colonel  Ernst.  By  capstans,  or  whatever  power  is  used  for  moving 
the  boat.  She  is  moved  forward  by  her  own  power,  or  by  some  other 
power  ;  probably  by  capstans. 

Senator  Kittredge.  What  distance? 

Colonel  Ernst.  Eighty  feet.  This  does  encroach  if  you  want  to 
close  all  the  gates  at  the  same  time;  it  does  encroach  80  feet  in  that 
event.  The  distance  here,  between  these  two  quoin  posts,  is  80  feet, 
but  it  does  not  prevent  your  putting  through  there  a  900-foot  boat 
and  still  having  your  summit  level  protected  at  all  times  by  two  or 
three  gates;  never  less  than  two  gates.  The  ship  comes  in  here,  and 
this  gate  is  closed  behind  her.  This  one  is  open.  She  goes  forward 
80  feet  and  stops  there. 

Senator  Kittredge.  And  stops,  }•  ou  sa}'  if 

Colonel  Ernst.  And  stops;  yes.'  The  difference  is  that  it  takes 
from  seven  to  eight  minutes  longer  for  the  ship  to  get  through.  That 
is  the  difference. 

Senator  Kittredge.  After  she  stops,  what  happens? 

Colonel  Ernst.  Then  this  other  gate  is  closed. 

Senator  Kittreix^e.  Which  other  gate? 

Colonel  Ernst.  This  second  gate.     Here  are  two  gates. 

Senator  Kittredge.  You  mean  by  ''the  second  gate,"  the  safety 
gate? 

Colonel  Ernst.  Well,  we  usually  call  the  upper  one  the  guard  gate; 
but  the  second  ^te  is  closed,  that  gate  [indicating]  is  closed,  and  tnere 
is  the  position  [indicating];  and  there  are  still  two  gates  always  pro- 
tecting the  upper  level. 

Senator  Kittredge.  If  it  does  not  interrupt  you,  I  would  like  to 
know  a  little  more  about  that  situation.  Your  safety  gates  are  in  your 
upper  lock;  is  that  right? 

Colonel  Ernst.  One  is  inside  and  one  is  outside. 

Senator  Kittredge.  But  they  are  connected  with  your  upper-lock 
structure? 

Colonel  Ernst.  Yes,  sir;  yes,  sir. 

Senator  Kittredge.  Now,  where  with  reference  to  the  structure  are 
the  safety  gates?     Describe  it  so  that  it  will  appear  in  the  record. 

Colonel  Ernst.  I  do  not  think  I  understand  tnat. 

Senator  Kittredge.  Do  j^ou  have  safety  gates  at  each  end? 

Colonel  Ernst.  Yes. 

Senator  Kittredge.  Now,  how  far 

Colonel  Ernst.  Oh,  I  think  I  do  understand  you  now.  Ordinaril3' 
there  would  be  simpl}'  one  gate  at  each  end.    For  the  purposes  of  safety 
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an  additional  gate  is  put  up,  which  we  call  guard  gates  or  safety  gates. 
One  of  those  is  put  outside  of  this  space  which  has  been  devoted,  we 
will  say,  to  a  lock  without  safety  gates.  The  other  one  is  put  inside. 
The  distance  which  this  is  above  that  one  is  80  feet. 

Senator  Kittredge.  Do  not  say  "  this  one  above  that  one; "  describe 
it  so  that  we  can  put  it  into  the  record. 

Colonel  Ernst.  The  distance  of  the  quoin  post  of  the  guard  gate 
from  the  other  gate  is  80  feet;  and  it  would  encroach  that  much  on 
the  usable  length  of  the  lock  if  you  had  to  keep  all  your  gates  closed 
at  the  same  time. 

Senator  Kittredge.  In  other  words,  it  would  reduce  the  usable 
lenffth  to  820  feet?     Is  that  it? 

Q)lonel  Ernst.  That  is  it.  Yes;  exactly — if  you  had  to  close  all 
your  gates  at  the  same  time;  but  you  do  not  have  to  do  that. 

Senator  Kittredge.  Suppose  you.  put  a  ship  900  feet  in  length  into 
that  lock;  describe  exactly  what  would  happen  in  putting  that  size 
of  ship  through  that  lock  ? 

Colonel  Ernst.  Yes.  sir;  that  is  what  I  was  trying  to  do.  She 
comes  in  here,  we  will  suppose;  both  the  upstream  gates  are  open; 
she  enters  the  lock 

Senator  Kittredge.  From  the  upstream  end? 

Colonel  Ernst.  From  the  upstream  end.  She  enters  the  lock  until 
she  reaches  this  gate  [indicating]. 

Senator  Kjttredge.  And  at  what  distance  is  the  gate  you  now  point 
to  from  the  upper  end  of  the  lock  ? 

Colonel  Ernst.  From  this  point  to  this  point  [indicating]  is  956  feet. 

Senator  Kittredge.  At  what  distance  from  the  gate? 

Colonel  Ernst.  From  that  gate,  the  second  gate,  820  feet;  but  those 
gates  are  open. 

Senator  Kittredge.  I  understand. 

Colonel  Ernst.  The  ship  is  sticking  out  through  those  gates,  and 
after  she  has  gotten  here  and  come  to  a  stop  these  gates  are  closed. 

Senator  Taliaferro.  The  outer  gates  are  closed? 

Colonel  Ernst.  The  outer  gates  are  closed.  That  leaves  those  gates 
and  these  gates  [indicating]  still  to  protect  the  summit  level;  and  you 
are  free  to  open  that  gate  [indicatmg],  which  you  do.  The  ship  is 
then  pushed  forward  80  feet,  and  stops  again.  Then  this  gate 
[indicating]  is  closed,  and  that  leaves  the  two  up  there  [indicating]  to 

Srotect  the  summit  level,  and  you  are  free  to  open  that  gate,  which  you 
o,  and  the  ship  goes  out. 

Senator  Taliaferro.  What  is  the  usable  length  of  the  lock  with  all 
the  gates  closed  ? 

Colonel  Ernst.  Eight  hundred  and  twenty  feet. 

Senator  Knox.  What  is  the  usable  length  With  the  gates  open,  which 
you  say  may  be  safely  opened  after  the  vessel  goes  inil 

Colonel  Ernst.  Nine  hundred  feet. 

Senator  Knox.  So  that  is  the  maximum  usable  length  ? 

Colonel  Ernst.  Yes,  sir. 

Senator  Kittredge.  What  do  you  put  those  safety  gates  in  there 
for? 

Colonel  Ernst.  So  that  there  would  always  be  two  gates  to  protect 
the  summit  level. 

Senator  Taliaferro.  Under  this  arrangement  there  is  only  one  when 
you  close  both  gates  in  the  rear,  or  at  the  entrance  of  the  lock  ?     When 
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you  close  both  gates  you  have  only  one  gate  to  protect  that  at  the  other 
end? 

Colonel  Ernst.  Yes;  but  down  here  (the  ship  is  supposed  to  come 
down,  now,  to  this  level)  you  have  these  two  gates;  you  always  have 
two. 

Senator  Kittredge.  At  which  end? 

Colonel  Ernst.  In  this  case,  now,  they  are  up  there;  when  the  ship 
is  moved  forward  to  this  place,  both  are  at  that  end  [indicating].  First 
they  are  both  at  this  end  [indicating];  then  one  is  at  this  end  and  one 
at  tnis  end,  and  then  thev  are  both  at  that  end  [indicating]. 

Senator  Taliaferro,  which  is  the  summit  level  end  of  the  lock, 
Colonel? 

Colonel  Ernst.  This,  upstream  [indicating]. 

Senator  Taliaferro,  i  ou  do  not  mean  that  you  can  put  a  900-foot 
ship  through  that  lock  and  have  at  all  times  those  two  upstream  gates 
closed,  do  you? 

Colonel  Ernst.  Not  those  two  gates,  no;  we  can  have  one  of  them 
closed — one  there  and  one  there  [indicating]. 

Senator  Taliaferro.  Then  it  is  a  fact  that  you  have  not  at  all  times 
your  summit  end  of  the  lock  protected  by  two  gates  when  you  are 
putting  through  a  ship  900  feet  long? 

Colonel  Ernst.  Oh,  yes;  this  gate  is  precisely  on  the  same  footing 
with  that  gate.  They  are  all  holding  the  same  level  of  water.  There 
is  no  difference  in  the  level.  We  will  suppose  this  lock  to  have  been 
filled  up  to  the  level.  There  is  not  the  slightest  trouble  about  that; 
there  are  always  at  least  two  gates  to  protect  the  summit  level. 

Senator  Knox.  But  not  always  at  the  same  end  of  the  lock? 

Colonel  Ernst.  But  not  always  at  the  same  end  of  the  lock;  that  is 
it  exactly. 

Senator  Dryden.  You  are  speaking  now.  Colonel,  of  the  locks  as 
designed  and  recommended  by  the  minority  of  the  engineers.  In  that 
connection,  how  do  you  interpret  these  communications  from  Engineer 
Stevens  as  to  the  possibility  of  making  longer  locks  there  if  it  is 
deemed  necessary  and  advisable? 

Colonel  Ernst.  Well,  there  is  a  difference  of  opinion  here,  you  know, 
about  how  long  those  locks  ought  to  be. 

Senator  Dryden.  Yes,  but  suppose  it  should  be  finallv  determined 
that  locks  longer  than  originally  suggested  should  be  made;  that  locks 
of  1,000  feet  usable  length  should  be  put  there.  Do  you  understand 
Mr.  Stevens  to  say  that  the  formation  of  the  mountain  and  the  land  is 
such  that  these  locks  can  be  made  of  such  a  length? 

Colonel  Ernst.  I  do;  yes. 

Senator  Dryden.  That  is  the  point  1  wanted  to  get  at. 

Colonel  Ernst.  That  is  as  I  understand  it. 

Senator  Dryden.  And  Mr.  Stevens,  you  understand,  states  that  from 
an  actual  examination  of  the  land,  the  conditions  there  since  these  doubts 
were  thrown  upon  the  possibility  of  making  locks  of  that  length  ? 

Colonel  Ernst.  Yes,  sir. 

Senator  Dryden.  With  a  view  of  ascertaining  whether  or  not  they 
should  be  made  longer? 

Colonel  Ernst.  Yes,  sir;  that  is  what  I  understand. 

Of  course  this  involves  losing  eight  or  ten  minutes  in  going  through, 
although  it  is  a  perfectly  safe  thing  to  do.  You  still  have  the  usable 
length  of  900  feet,  witft  the  two  gates  always  protecting  the  summit 
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level.  It  would  be  possible  to  make  this  lock  long  enough  to  shut  all 
the  gates  and  still  have  900  feet  between  them.  There  are  some  objec- 
tions to  thrft.  but  that  is  a  possibility.  The  objections  are  that  you 
want  about  tne  same  cubic  volume  of  water  in  one  lock  as  in  the  other; 
and  if  you  increase  the  length  of  this  lock  above  that  of  the  others, 
you  ought  to  decrease  the  lift.  That  can  be  done  and  make  the 
volume  the  same,  with  a  greater  length  and  less  lift;  but  that  has 
the  objection  that  your  gates  are  different.  It  is  an  advantage  to  have 
the  gates  all  duplicates  of  each  other.  They  sometimes  get  out  of 
order,  and  it  is  a  desirable  thing  to  have  them  all  duplicates;  and  it 
strikes  me  that  this  is  the  best  arrangement  they  could  make.  But  it 
is  not  so  that  they  can  not  put  a  900-ioot  boat  through  there  with  per 
feet  safety — I  mean,  having  two  gates  always  to  protect  the  summit 
level. 

Senator  Dryden.  Do  you  know  of  any  reason  why,  if  it  is  thought 
necessary  to  make  these  locks  longer,  there  should  be  any  mechanical 
or  structural  diflSculty  about  doing  it? 

.  Colonel  Ernst.  None  in  the  world;  none  in  the  world.  It  is  the 
easiest  way  to  enlarge  a  lock  that  there  is,  to  increase  the  length  of 
the  wall. 

Senator  Dryden.  Could  they  be  made  longer  with  just  as  much 
safetv  as  the  length  originally  suggested? 

Colonel  Ernst.  Absolutely;  certainly. 

Senator  Dryden.  And  in  facility  of  operation  they  could  be  operated 
as  easily,  could  thev  ? 

Colonel  Ernst.  Ifes,  sir;  just  as  easily. 

Does  any  gentleman  want  any  further  explanation  on  that  point? 

The  Chairman.  Have  you  a  statement  there  that  you  wish  to  read 
to  the  committee? 

Colonel  Ernst.  No;  I  have  no  written  statement,  but  there  is  another 
point  in  the  evidence  that  I  would  like  to  allude  to.  \ 

Senator  Dryden.  Before  you  pass  to  that,  Colonel,  it  has  been  stated 
here  that  there  is  danger  of  these  locks  being  smashed  down  and 
destroyed  by  the  weight  and  operation  of  the  vessels  passing  through. 
I  would  like  to  have  your  opinion  upon  that  matter. 

Colonel  Ernst.  I  do  not  think  tnere  is  any  more  danger  of  that, 
Senator,  than  there  is  in  coming  up  in  this  elevator  that  we  come  up  in 
every  day  to  this  committee  room.  There  are  people  in  the  world, 
plenty  of  them,  who  would  be  afraid  to  come  up  on  that  elevator,  and 
the  engineers  who  have  had  the  greatest  familiarity  with  locks  are 
those  who  are  the  most  perfectly  satisfied  of  the  perfect  safety  of 
making  these  new  locks,  these  large  locks. 

I  have  watched  the  Soo  Canal  for  a  good  many  years.  I  had  general 
supervision  of  that  district  of  country  before  coming  here,  and  I  am 
just  as  satisfied  that  those  locks  can  be  built  as  I  am  of  anything  else 
m  the  world.     I  have  no  doubt  about  it  at  all.  . 

Senator  Kittredge.  What  is  the  maximum  lift  at  the  Soo? 

Colonel  Ernst.  The  lift  is  about  20  feet. 

Senator  Kittredge.  One  lock? 

Colonel  Ernst.  One  lock,  20  feet  lift;  yes. 

Senator  Kittredge.  Do  you  think  that  condition  at  the  Soo  is  to  be 
compared  with  the  condition  at  these  Gatun  locks? 

Colonel  Ernst.  Oh,  yes.  It  is  on  a  smaller  scale.  Oh,  I  think  we 
should  take  our  lessons  from  the  Soo.  I  rely  very  greatly  on  the 
experience  at  the  Soo.     It  is  the  best  experience  there  is. 
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The  navigation  interests  of  the  Great  Lakes  are  enormous,  the  com- 
merce is  growing  with  marvelous  rapidity.  It  is  not  afraid  of  those 
locks.  They  are  clamoring  now  for  deeper  channels  between  the 
lakes.  They  want  more  than  21  feet,  and  when  they  get  them  they 
will  want  bigger  locks;  and  they  know  that  perfectly  well.  They^  are 
not  afraid  of  them.  The  trade  is  growing  enormously.  Last  year  it 
beat  all  records. 

Senator  Kittredge.  What  was  the  tonnage  capacity? 

Colonel  Ernst.  About  45,000,000  tons  went  through  the  Soo  canals, 
those  three  canals,  of  which  thisPoe  lock  takes  much  the  greater  part. 

Senator  Knox.  How  does  that  compare  with  the  Suez  uanal? 

Colonel  Ernst.  It  is  more  than  three  times  as  much. 

Senator  Kittredge.  In  speaking  about  the  tonnage  passing  through 
there^  you  mean  through  the  British  canal  as  well  as  ours? 

Colonel  Ernst.  Yes.     The  British  canal  takes  about  10  per  cent. 

Senator  Kittredge.  How  much  went  through  ours? 

Colonel  Ernst.  Ours  takes  90  per  cent  of  it. 

Senator  Kittredge.  Figured  in  tons,  how  much  was  it? 

Colonel  Ernst.  A  little  over  40,000,000  tons.  Ten  per  cent  of 
45,000,000  would  be  four  and  a  half.  About  40,000,000  tons  went 
through  our  locks. 

I  do  not  know  but  that  it  is  proper  to  call  attention  to  the  continua- 
tion of  Mr.  Parsons's  testimony  the  next  day,  haWng  referred  to  his 
evidence,  to  which  I  have  just  replied.  Alter  that  evidence  that  I 
have  quoted  before,  this  is  what  he  says  the  next  day: 

*'I  am  not  attacking  the  ability  to  construct  those  locks  at  all.  I 
want  to  have  that  distinctly  understood.  But,  at  the  same  time,  if  the 
locks  are  built,  when  they  are  built  they  will  be  unsafe  for  operation, 
in  my  opinion,  as  I  explained  yesterday.  In  other  words — Hay  stress 
not  upon  the  inability  to  construct  the  locks  or  the  inability  to  make 
those  locks  1,000  feet  long,  if  necessary — I  believe  that  the  ground  is 
probably  there  to  build  the  locks  on  and  that  the  locks  can  be  built  a 
thousand  feet  long,  if  it  is  necessary,  but  that  if  that  is  done  you 
will  still  have  locks  that  are  unsafe  to  operate,  on  account  of  the 
locks  being  in  series  of  three." 

So  that  he  toned  down  a  little  the  evidence  he  gave;  but  I  thought 
it  was  desirable  to  explain  to  the  committee  that  tnat  minority  report 
said  exacth^  what  they  intended  to  say,  and  they  furnished  plans  for 
locks  that  could  pass  a  boat  900  feet  in  length. 

Senator  Kittredge.  If  it  is  a  convenient  time  I  would  like  to  have 
your  views  upon  the  lock  structure  from  a  military  standpoint. 

Colonel  Ernst.  Senator,  I  do  not  believe  in  making  that  canal  a 
subject  of  the  operations  of  war  at  all.  I  agree  entirely  that  it  is 
easier  to  destroy  a  lock  with  a  stick  of  d^^namite  than  it  is  anvthing 
else  upon  the  canal.  But  I  believe  that  both  canals  are  utterly  vuK 
nerabie,  and  that  the  best  defense  we  have  is  to  make  them  neutral 
and  to  put  our  citizens  in  charge  of  them. 

Senator  Kittredge.  Suppose  the  canal  had  been  in  operation  in 
1898,  and  we  had  wanted  to  put  the  Oregon  through— would  you  have 
prevented  that  ship  from  passing  through? 

Colonel  Ernst.  Oh,  no;  my  idea  of  neuti-ality  is  that  all  vessels, 
men-of-war  and  commercial  vessels,  will  go  through  just  the  same  as 
if  there  was  not  any  war.     I  believe  thatis  correct. 
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Senator  Kittredge.  Would  you  have  been  in  favor  of  permitting 
the  ships  of  Spain  to  pass  through  there 'i 

Colonel  Ernst.  If  she  would  take  the  risk;  but  I  know  very  well 
she  would  not.  I  know  very  well  that  no  commander  of  a  vessel  would 
put  his  ship  in  that  canal  if  the  lock  keepers,  and  the  pilots,  and  every- 
Dody  in  charge  of  it  were  Americans,  if  his  nation  was  at  war  with 
America. 

Senator  Kittredge.  What  do  you  mean  by  putting  the  canal  upon 
a  neutrality,  then'i! 

Colonel  Ernst.  I  mean  to  give  everybody  the  free  use  of  it  if  they 
are  not  afraid  to  use  it;  but  what  I  think  is  this:  That  a  foreign  com- 
mander would  be  simply  afraid  to  use  it,  no  matter  what  our  Govern- 
ment might  promise.  We  have  men  down  there  of  all  kinds,  and 
somebody  would  be  bound  to  sink  his  vessel  for  him. 

Senator  Kittredge.  Do  you  consider  this  canal,  when  constructed, 
useless  from  the  military  standpoint. 

Colonel  Ernst.  Oh,  no;  not  at  all.  I  think  our  people  would  use 
it.  We  would  have  our  citizens  there;  that  is  the  difference.  If  it 
were  a  neutral  canal,  with  French  citizens  or  Spanish  citizens  in 
charge  of  it,  then  it  would  not  be  of  any  use  to  us;  but  having  our 
citizens  in  charge  of  it  I  think  we  could  use  it  with  safety. 

Senator  Taliaferro.  You  mean  vou  would  advertise  neutrality, 
but  operate  the  canal  in  Such  a  way  that  people  that  were  at  war  with 
this  country  would  not  go  into  it?     [Laughter.] 

Colonel  Ernst.  Well,  I  simply  take  human  nature  as  I  find  it.  That 
is  what  I  believe  would  be  the  result.  I  would  advertise  neutrality, 
and  keep  it,  too,  as  far  as  I  was  able  to  do  it;  but  I  know  very  well  I 
could  not  do  it.  1  know  that  even  if  we  thought  we  could  do  it  the 
foreigners  would  be  suspicious  of  it  and  be  afraid  to  use  it.  That  is 
what  I  believe  in  the  matter. 

Senator  Morgan.  Colonel,  in  this  neutrality  matter,  if  you  were  in 
command  of  a  fleet  or  an  army  at  Panama  and  the  United  States  Gov- 
ernment was  at  war  with  Great  Britain  or  Germany,  would  you  con- 
sider that  under  the  laws  of  neutrality  you  were  obliged  t/O  allow  ships 
of  war  of  Germany  or  of  Great  Britain  to  pass  through  that  canal, 
knowing  that  they  were  going  up  to  attack  San  Francisco,  or  the 
border  up  there? 

Colonel  Ernst.  I  suppose  that  is  what  neutrality  would  mean,  would 
it  not.  Senator^     You  know  much  more  about  it  than  I  do. 

Senator  Morgan.  I  have  not  that  view  of  it.  I  have  always  sup- 
posed that  the  nation  that  controls  the  channel,  it  not  being  a  public, 
international  channel,  has  the  right  to  say,  among  nations  that  are 
belligerent  with  each  other,  but  not  belligerent  with  the  United  States, 
"lou  shall  pass  through  here  on  equal  terms;  but  when  you  open 
belligerency  with  the  United  States  we  will^take  our  ground  to  fight 
you  at  the  mouth  of  the  canal,  if  it  is  necessary  to  do  it." 

Colonel  Ernst.  Yes — well,  of  course,  I  do  not  know  how  far  the 
term  *'  neutrality  "  would  extend ;  but  I  think  that  no  British  com- 
mander would  put  his  ship  through  there  if  our  people  had  charge  of 
the  locks,  if  we  were  at  war  with  Great  Britain,  po  matter  what  we 
promised. 

Senator  Morgan.  And  we  would  not  put  our  ships  there  if  we  were 
at  war  with  Panama,  either;  would  we? 
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Colonel  Ernst.  No;  I  would  not  put  my  ship  there,  except  in  case 
of  urgent  necessity,  if  we  were  at  war  with  anybody,  no  matter  who 
it  might  be.  I  do  not  think  that  any  captain  would  have  his  ship  in 
there  any  longer  than  was  absolutely  necessary. 

Shall  1  pass  to  the  other  point? 

The  Chairman.  Yes,  sir. 

Colonel  Ernst.  On  page  14:96  Mr.  Burr  was  testifying,  and  he 
makes  this  statement: 

"  In  the  work  of  the  first  Isthmian  Canal  Commission,  where  it  was 
the  duty  of  that  Commission  to  determine  the  most  practicable  and 
feasible  route  for  a  ship  canal,  it  was  the  unanimous  opinion  of  that 
Commission  that  for  its  purposes  a  lock  canal  should  be  recommended, 
as  it  was  recommended.  That  recommendation  was  largely  for  the 
tentative  purpose  of  making  a  comparison  between  the  Nicaragua  and 
the  Panama  routes.  lu  order  to  make  a  proper  comparison,  a  com- 
parison which  might  be  considered  fair  and  reasonable,  it  was  neces- 
sary to  make  it  upon  the  basis  of  a  lock  plan  for  each,  because  it  would 
not  be  practicable  or  feasible  in  any  sense  of  the  word  to  construct  a 
sea-level  canal  on  the  Nicaragua  route." 

On  page  1498  I  find  the  following: 

''  Senator  Morgan.  In  other  words,  you  did  not  consider  yourself 
committed  by  signing  that  report — joining  in  it— to  the  proposition 
that  a  sea-level  canal  at  Panama  was  impracticable  ? 

"Mr.  Burr.  Not  necessarily.  I  felt — and  1  am  sure  at  least  one 
other  member  of  the  Commission  also  felt — that  our  investigations 
were  not  suiBciently  extended.  It  was  not  possible  at  that  time  to 
extend  them  sufficiently  to  settle  that  question  finally. 

'^Senator  Kittredge.  Who  was  the  other  member  of  the  Com- 
miHsion  ? 

"Mr.  Burr.  I  refer  to  Mr.  Morison." 

Now,  Mr.  Chaiiinan,  that  point  is  of  importance,  because  it  raises 
the  question  of  good  faith — our  national  good  faith.  That  Commis- 
sion did  adopt  a  plan.  It  said,  in  as  plain  language  as  I  can  conceive 
of,  that  it  adopted  it  and  recommended  it.  There  was  nothing  tenta- 
tive about  it,  and  it  proceeded  to  appraise  the  value  of  the  French 
property  on  that  basis.  The  French  had  taken  out  some  77,(KX),0lK) 
cubic  yards  of  material.  Under  that  plan  a  large  part  of  that  material 
was  not  of  any  value,  and  we  allowed  them,  I  think,  for  some 
39,000,000  cubic  yards. 

Senator  Kittredge.  Which  plan  do  you  now  refer  to? 

Colonel  Ernst.  The  plan  that  was  recommended  by  the  Commission 
of  1901. 

Senator  Kittredge.  You  mean  the  Commission  that  was  appointed 
in  1899  and  made  its  report  in  1901  i 

Colonel  Ernst.  Yes.  sir;  the  Commission  of  1899-1901. 

Senator  Morgan.  Tne  Commission  of  exploration  under  Walker. 

Colonel  Ernst.  It  was  a  commission  appointed  to  report  on  all  the 
routes.  I  was  instrumental  in  getting  up  the  report  of  that  Commis- 
sion, particularly  the  Panama  chapter,  and  I  worked  in  close  alliance 
with  Mr.  Morison.  He  was  with  me  in  the  work  throughout.  I  know 
exactly  what  his  views  were;  and  here  is  a  sentence  which  he  wrote, 
ending  up  the  paragraph  discussing  the  sea-level  plan.  This  is  Mr. 
Morrison's  own  language: 

"While  such  a  plan  would  be  physically  practicable,  and  might  be 
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adopted  if  no  other  solution  were  available,  the  diflSeulties  of  all  kinds, 
and  especially  those  of  time  and  cost,  would  be  so  great  that  a  canal 
with  a  summjt  level  reached  by  locks  is  to  be  preferred." 

There  is  nothing  tentative  about  that. 

As  I  say,  if  it  was  tentative,  it  was  only  fair  to  let  the  French  Com- 
pany know  it.  But  we  did  not  do  that,  and  we  allowed  them  for 
39,000,000  cubic  yards  of  material. 

Senator  Knox^  I  do  not  just  get  your  point  as  to  where  the  good 
faith  of  the  Government  was  involved. 

Colonel  Ernst.  The  French  had  expended  a  very  large  amount  of 
money  on  the  Isthmus,  and  they  valuea  their  property  at  a  very  large 
sum  of  monev. 

Senator  Morgan.  They  had  spent  $260,000,000,  had  they  not? 

Colonel  Ernst.  Yes,  sir;  that  was  in  hard  cash  that  got  into  their 
treasury. 

Senator  Morgan.  And  they  got  it  almost  two-fifths  done? 

Colonel  Ernst.  Well,  yes,  roughly;  under  some  plans,  j^ou  may 
say  it  was  two-fifths  done. 

Senator  Knox.  Just  finish  that  answer  where  you  were  speaking 
about  the  good  faith. 

Colonel  Ernst.  The  v  had  estimated  that  they  had  removed  77,000,000 
yards  of  material.  We  rejected  all  of  that  except  what  was  useful 
under  this  plan. 

Senator  Knox.  Why  did  you  reject  it? 

Colonel  Ernst.  Because  it  was  not  of  any  value  to  us.  •  We  expected 
to  build  the  canal  under  that  plan,  and  we  thought  it  was  fair  to  pay 
them  for  such  of  their  work  as  would  be  useful  under  that  plan. 

Senator  Knox.  Under  what  plan? 

Colonel  Ernst.  The  plan  of  1901— the  Commission  of  1899-1901. 

Senator  Knox.  Being  a  lock  scheme? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  Withadam  atBohio;  and  what  was  the  elevation? 

Colonel  Ernst.  Eighty-five  feet. 

Senator  Morgan.  Eighty-five  feet,  and  a  dam  at  Bohio? 

Colonel  Ernst.  The  same  as  this  elevation,  but  with  a  dam  at  Bohio 
instead  of  Gatun.  I  am  merely^  raising  the  point  that  that  was  not  a 
tentative  plan. 

Senator  Knox.  Then  your  point  about  ''good  faith"  is  that  they 
would  have  been  entitled  to  compensation  for  the  full  amount  of  the 
excavation  had  we  contemplated  building  a  sea-level  canal  which  would 
have  made  that  excavation  useful  ? 

Colonel  Ernst.  Yes;  perhaps  not  the  full  amount,  but  a  very  much 
larger  amount. 

&nator  Knox.  Yes. 

Colonel  Ernst.  Instead  of  39,000,000  perhaps  they  would  have  been 
entitled  to  some  seventy -odd  million. 

Senator  Knox.  Do  you  think  that  that  in  anyway  estops  us  from 
building  any  sort  of  a  canal  we  see  fit  to  build? 

Colonel  Ernst.  Oh,  no;  I  do  not  think  that. 

Senator  Knox.  Then  how  is  our  good  faith  involved  in  the  matter? 

Colonel  Ernst.  The  good  faith  of  that  Commission  is  involved  in 
having  appraised  a  property  at  a  certain  value  when  it  was  worth  a 
great  deal  more. 
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Senator  Knox.  But  this  Government  was  not  bound  to  adopt  the 
views  of  that  Commission;  and  if  the  French  company  chose  to  sell 
upon  the  tentative  view  of  the  Commission  and  accept  pay  for  a  less 
amount  of  excavation,  this  Government  is  not  acting  in  bad  faith  in 
rejecting  that  Commission's  view  and  building  upon  some  other  theory, 
even  though  it  would  involve  the  use  of  that  excavation  for  which 
they  did  not  receive  compensation. 

Colonel  Ernst.  I  think  that  we,  in  equity,  should  pay  them  some- 
thing more. 

Senator  Knox.  The  logic  of  your  suggestion  is  that  if  we  do  go  on 
and  build  a  sea-level  canal  we  still  should  pay  them  some  more  money? 

Colonel  Ernst.  Yes,  sir. 

Senator  Knox.  I  have  no  doubt  they  would  agree  to  that,  but  I  would 
not.     (Laughter.) 

Senator  Moi^gan.  How  far  was  that  Bohio  dam  from  the  Gatun 
dam?     How  many  miles. 

Colonel  Ernst.  About  7  miles. 

Senator  Morgan.  At  the  time  that  you  recommended  the  dam  at 
Bohio  at  an  85-foot  elevation,  and  made  estimates  of  the  cost  of  con- 
struction and  the  time  of  construction,  etc.,  it  was  understood  that 
that  was  recommended  as  a  plan  of  construction,  was  it  not? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  And  the  only  plan  that  they  did  recommend! 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  At  that  time  was  any  test  made  or  had  any  test 
been  made  of  the  site  that  is  proposed  by  the  minority  for  the  dam  at 

Colonel  Ernst.  There  had  been  some;  yes. 

Senator  Morgan.  Why  were  not  those  tests  prosecuted  at  that  time 
to  ascertain  whether  the  dam  that  is  now  proposed  by  the  minority 
was  feasible? 

Colonel  Ernst.  It  was  believed  by  the  majority  of  that  Commission 
that  the  Gatun  site  was  not  available. 

Senator  Morgan.  You  have  changed  your  opinion  since  that  time? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  You  believe  that  the  Gatun  site  was  available? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  And  you  have  changed  that  opinion? 

Colonel  Ernst.  Yes;  but  not  for  the  reason  that  I  could  not  build 
that  dam.     I  have  changed  my  opinion. 

Senator  Morgan.  But  not  for  that  reason  ? 

Colonel  Ernst.  No,  sir. 

Senator  Morgan.  Mr.  Wallace's  borings  carry  the  depth  down  to 
rock  below  sea  level,  40  feet  farther  down  than  you  carried  them? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan,  Would  not  that  interrupt  your  conclusions  and  the 
satisfaction  you  would  have  in  relying  upon  them  in  regard  to  build- 
ing a  dam  at  Bohio? 

Colonel  Ernst.  No.  sir. 

Senator  Morgan.  On  what  plan  would  you  build  a  dam  at  Bohio  as 
it  has  now  been  revealed  ? 

Colonel  Ernst.  There  are  various  methods,  Senator,  of  tightening  up 
that  subf  oundation.    1  think  probably  the  most  simple  and  economical 


INVESTIGATION   OP   PANAMA  CANiCL   MATTERS.  667 

form  would  be  to  pump  down  liquid  cement  and  turn  that  gravel  into 
a  concrete  in  situ. 

Senator  Morgan.  Has  any  great  dam  been  built  on  that  principle? 

Colonel  Ernst.  Oh,  yes,  sir.  They  have  done  that  on  the  Nile;  not 
to  such  depths  as  that,  but  they  have  done  it  to  a  depth  of  40  or  50 
feet. 

Senator  Morgan.  They  have  done  it  to  a  depth  of  40  or  50  feet:  but 
they  have  got  a  granite  foundation  under  the  depth  of  the  Assuan  dam  ? 

Colonel  Ernst.  Ye«:  but  it  is  not  that  dam  that  I  am  referring  to. 
It  is  the  Assiut  dam  where  they  have  done  what  I  speak  of.  That  dam 
that  you  speak  of  is  all  masonry,  entirely  built  on  a  rock  foundation. 

Senator  Morgan.  You  still  adnere  to  the  belief  that  it  is  possible  to 
build  a  permanent  dam  at  Bohio? 

Colonel  Ernst.  Yes,  sir;  I  do. 

Senator  Morgan.  If  that  is  possible,  is  not  Bohio  a  better  site  than 
Gatun? 

Colonel  Ernst.  No;  I  do  not  think  it  is. 

Senator  Morgan.  With  a  ridge  coming  in  from  each  side  and  the 
spillway  at  Gigante? 

Colonel  Ernst.  There  is  where  the  trouble  about  foundation  comes 
in — about  the  len^h  of  the  locks.  We  planned  locks  740  feet  long. 
Now  the  proposition  is  to  build  them  900  feet  long. 

Senator  Morgan.  Is  not  the  ground  at  Bohio  sufficient  for  a  900-foot 
lock? 

Colonel  Ernst.  No,  sir. 

Senator  Morgan.  The  ridge  is  not  wide  enough? 

Colonel  Ernst.  No,  sir. 

Senator  Morgan.  If  we  still  found  that  a  750-foot  lock  was  all  that 
we  needed,  Bohio  would  still  be,  I  suppose,  the  best  location? 

Colonel  Ernst.  I  am  not  prepared  to  say  that  exactly.  I  like  this 
lake  navigation.  It  might  possibly  be  still  a  better  location,  but  I  am 
rather  inclined  to  think  the  Gatun  location  is  the  better  one,  because 
it  gives  more  lake  navigation. 

Senator  Morgan.  If  you  can  get  the  lake  navigation  and  maintain 
it,  probably  it  is  so;  but  are  there  no  difficulties  about  constructing 
that  dam  at  Gatun  that  you  would  like  to  avoid  ? 

Colonel  Ernst.  It  is  a  very  big  thing.  No,  sir;  I  do  not  think 
there  are  anv  difficulties  that  need  trouble  us. 

Senator  Morgan.  There  is  a  gulch  there  280  and  odd  feet  deep;  I 
forget  exactly  the  depth 

^nator  KiTTREDGE.  Two  hundred  and  fifty-eight  feet,  as  far  as 
they  have  gone. 

Senator  Morgan.  Yes;  258  feet  deep  as  far  as  they  have  bored 
down  into  that  sugar-loaf  gulch;  and  that  is  filled  up,  we  will  assume, 
and  we  have  a  right  to  assume  it  on  the  testimony,  with  permeable 
material;  and  then,  opposite  to  that,  on  the  same  axis  of  the  dam, 
there  is  another  gulch  tnat  is  about— how  many  feet  deep  is  that  other 
lar^e,  wide  gulch?     200  feet? 

feenator  Dryden.  Two  hundred  and  four  feet,  I  think. 

Senator  Kittredge.  Yes;  204  feet. 

Senator  Morgan.  And  that  is  filled  up  with  permeable  material. 
The  indurated  rock  or  clay  which  formerly  filled  these  gulches,  or 
which  is  supposed  to  have  formerly  filled  them,  has  been  washed  out 
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and  left  an  island  in  there.  The  dam,  however,  stretches  right  across 
both  of  them  and  across  the  island.  Now  is  it,  to  your  mind,  any  safer 
to  build  that  great  dam  across  these  two  gulches  than  it  would  be  to 
build  a  dam  across  the  same  permeable  material  at  Bohio? 

Colonel  Ernst.  Oh,  I  do  not  think  it  is  any  safer;  no,  sir.  The 
material  which  you  speak  of  as  permeable  is  only  a  small  portion  at 
the  bottom;  that  is,  that  very  loose  material,  the  lower  50  feet  of  it. 
The  upper  200  feet  is  practically  impeimeable;  it  is  finer  material.  I 
am  speaking  now  of  the  Gatun  site.  We  have  not  found  any  material 
down  there  at  all  bh  coarse  as  some  of  that  found  at  Bohio. 

Senator  Morgan.  The}'  found  wood  there,  did  they  not? 

Colonel  Ernst.  Yes,  I  know  they  have  found  wood. 

Senator  Morgan.  Of  course  that  is  coarse  material,  and  permeable, 
too? 

Colonel  Ernst.  Yes;  I  meant  gravel. 

Senator  Kittredge.  May  I  ask  a  question  here.  Senator? 

Senator  Morgan.  Certainly. 

Senator  Kittredge.  Colonel  Ernst,  you  testified  before  this  com- 
mittee four  or  five  years  ago,  did  you  not? 

Colonel  Ernst,  ^es,  sir. 

Senator  Kittredge.  Upon  the  question  of  the  foundation  for  the 
Bohio  dam? 

Colonel  Ernst.  Yes,  sir. 

Senator  Kittredge.  I  read  from  page  676  of  that  testimony  a  ques- 
tion by  the  Chairman,  Senator  Morgan,  at  that  time,  referring  to  the 
pressure  of  the  85  or  90  foot  head  of  water.    He  asked  [reading]: 

"The  Chairman.  That  would  be  a  tremendous  pressure  to  put 
beneath  a  clay  dam  with  material  that  is  pervious  to  water? 

'^Colonel  fiRNST.  Oh,  yes. 

*'The  Chairman.  It  would  be  a  very  dangerous  one,  too. 

"Colonel  Ernst.  Yes;  unless  you  make  that  foundation  tight,  it  is 
a  dangerous  one." 

Senator  Morgan.  That  is  the  very  point  I  had  in  mind,  and  I  want 
to  know  from  Colonel  Ernst  what  his  ^lan  would  be,  now,  for  making 
that  foundation  tight  down  through  this  depth  of  258  feet? 

Colonel  Ernst.  Well,  Senator,  the  claim  is  that  it  is  practically 
tight  now.  What  1  said  as  to  Bohio  is  strictlv  true.  It  did  not  apply 
only  to  the  method  which  was  suggested  in  that  plan,  but  it  applied 
to  various  other  methods  which  might  be  used.  If  this  lower  50  feet 
should  by  some  wonder  of  nature  discharge  a  large  volume  of  water, 
it  would  be  possible  to  reach  that  by  this  pumping  process;  but  I  do 
not  believe  it  is  going  to  be  needed  at  all.  There  is  this  blanket,  200 
feet  thick,  of  impermeable  material,  covering  it,  and  the  amount  of 
water  that  can  get  out  under  there  is  infinitesimal.  That  is  what  I 
think  about  it.     I  think  that  it  will  undoubtedly  hold  water. 

Senator  Morgan.  The  higher  you  raise  the  head  of  water  the  more 
danger  there  is  of  its  finding  its  way  through  permeable  material  at 
the  bottom  of  the  dam? 

Colonel  Ernst.  Oh,  yes;  certainly. 

Senator  Morgan,  That  is  a  danger  that  you  can  not  take  care  of  if 
the  water  goes  through  at  all.  You  can  not  take  care  of  it  and  reduce 
it  to  a  mere  seep  or  leak  or  percolation  by  building  on  top  of  it? 

Colonel  Ernst.  I  do  not  think  the  weight  added  on  top  will  make 
very  much  difference  about  it.     I  think  it  will  be  impermeable  with- 
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out  it;  practically  impermeable.  The  amount  of  water  that  can  leak 
through  there  is  so  small  that  it  is  not  goin^  to  be  appreciable  at  ail. 

Senator  Morgan.  I  do  not  look  at  it  in  the  view  ox  the  wastage  of 
the  water,  but  the  danger  of  the  structure  being  undermined  and 
sinking  and  breaking  away. 

Colonel  Ernst.  I  do  not  think  it  is  .possible  to  get  up  velocity  in 
there  that  would  move  any  material  at  all.  I  think  that  is  utterly 
impossible  any  more  than  tne  sandstone  filter  that  they  use  in  Spanish 
countries  is  worn  by  the  water  that  flows  through  it.  The  velocity  is 
so  small  that  it  can  not  have  any  wearing  eflFect  or  transporting  eflFect. 

Senator  Morgan.  No  borings  that  have  passed  across  the  axis  of 
the  Gatun  dam  have  actually  reached  rock  foundation,  unless  you  call 
this  indurated  clay  rock? 

Colonel  Ernst.  We  call  that  rock. 

Senator  Morgan.  But  you  have  not  reached  any  such  rock  founda- 
tion as  you  found  at  Bohio?    That  was  live  rock — sure  enough  rock? 

Colonel  Ernst.  I  do  not  remember  about  that.  It  turned  out  that 
we  did  not  get  rock  at  all  there,  you  know.  My  impression  is  that  it 
was  pretty  much  the  same  thing — hard  material ;  a  pipe  would  not 
sink  any  farther. 

Senator  Morgan.  But  it  still  has  not  been  hard  enough  to  resist  the 
action  of  water  washing  these  great  gulches  out  through  it  on  each 
side  around  that  island  s 

Colonel  Ernst.  That  is  true. 

Senator  Morgan.  If  that  is  true,  then  it  is  not  hard  enough  to  resist 
a  great  cuiTent  of  water.  But  the  rock  at  the  bottom  of  the  Bohio 
dam  was  hard  enough  to  resist  any  pressure  of  water? 

Colonel  Ernst.  I  do  not  know  about  the  relative  hardness,  Senator, 
at  all. 

Senator  Morgan.  You  have  not  seen  Mr.  Wallace's  borings? 

Colonel  Ernst.  Yes,  sir;  1  have  seen  those. 

Senator  Morgan.  Did  he  get  into  the  rock  after  he  passed  through 
those  bowlders  that  stopped  your  augurs? 

Colonel  Ernst.  I  believe  he  did;  yes. 

Senator  Morgan.  Do  not  those  borings  indicate  that  that  is  tough, 
hard  rock? 

Colonel  Ernst.  1  do  not  think  it  is  what  you  would  call  very  hard 
rock.     It  is  rock,  but  I  do  not  think  it  is  very  hard  rock. 

Senator  Morgan.  Is  it  basalt? 

Colonel  Ernst.  No,  sir;  there  is  no  basalt  there. 

Senator  Morgan.  What  would  be  the  classification  of  it? 

Colonel  Ernst.  I  think  it  is  a  sandstone.  Thej^  call  it  "Gamboa 
grit;"  the  French  called  it  that,  I  believe. 

Senator  Morgan.  It  is  something  a  little  peculiar  to  the  location, 
then? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  A  conglomerate,  probably,  formed  by 

Colonel  Ernst.  I  presume  it  is  tne  same  that  is  in  that  Bohio 
quarrv.  It  looks  like  sandstone,  and  I  believe  it  is.  It  is  very  soft  at 
first,  but  hardens.  They  build  their  bridge  piers  out  of  it.  It  makes 
fairly  good  building  stone. 

Senator  Morgan.  Colonel,  you  have  been  a  long  time  examining 
this  Isthmus? 

Colonel  Ernst.  Yes,  sir. 
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Senator  Morgan.  You  have  probably  given  as  much  personal  atten- 
tion to  it  as  an}'  man  that  has  ever  been  there,  have  you  not'^ 

Colonel  Ernst.  Perhaps  so. 

Senator  Morgan.  Do  you  know  of  the  existence  of  any  extinct  vol- 
canoes on  the  Isthmus  out  in  the  vicinity  of  the  line  of  the  canal  'i 

Colonel  Ernst.  No,  sir;  I  do  not  know  of  any? 

Senator  Morgan.  Down  below  Ancon  Hill  and  out  in  that  direction? 

Colonel  Ernst.  I  do  not  know  of  any.  They  may  be  there,  but  I 
do  not  know  of  any. 

Senator  Morgan.  My  inquiry  is  based  upon  the  fact  Bunau-Varilla 
denies  that  there  ever  were  any,  and  some  of  the  witnesses  on  a  former 
occasion  before  this  committee  swore  that  they  had  been  down  in  them. 
1  did  not  know  but  what  you  might  have  been? 

Colonel  Ernst.  No,  sir;  I  never  have  been. 

Senator  Morgan.  That  is  a  difficult  country  to  find  anything  in,  is 
it  not?  It  is  covered  with  the  chaparral,  or  a  growth  tnere,  so  that 
it  is  very  difficult  to  find  anything,  is  it  not? 

Colonel  Ernst.  Very. 

Senator  Morgan.  It  is  difficult  even  to  find  a  great  vortex  in  the 
ground,  or  a  hill  that  rises  above  the  ground,  is  it  not? 

Colonel  Ernst.  Very  difficult. 

Senator  Morgan.  So  that  if  a  man  testifies  that  he  has  seen  extinct 
volcanoes  there  and  been  down  in  them,  he  would  be  more  apt  to  know 
than  a  man  that  had  passed  by  and  did  not  see  them  ? 

Colonel  Ernst.  Oh,  yes,  sir. 

Senator  Morgan.  What  difficulties  are  there,  if  there  are  anv, 
within  your  knowledge,  of  an  engineering  sort  or  a  physical  sort  in 
dredging  a  sea-level  canal  from  the  40-foot  contour  through  the  Bay 
of  Limon  up  as  far  as  Gamboa? 

Colonel  Ernst.  Only  the  difficulties  of  quantity  and  cost  and  of 
time.     That  is  all. 

Senator  Morgan.  As  to  the  cost,  I  suppose  the  transportation  of 
the  soil  would  be  one  of  the  big  elements  of  cost? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  Would  not  that  be  as  cheap  or  cheaper  by  being 
carried  out  on  barges  to  the  sea  and  dumped  into  the  sea  wherever 
you  might  want  to  put  it  than  it  would  be  to  haul  it  out  on  railroad 
tracks? 

Colonel  Ernst.  The  actual  transportation  of  any  particular  cubic 
yard  would  be;  yes,  sir. 

Senator  Morgan.  The  unit  of  cost  of  transportation  of  the  material 
that  you  take  out  of  a  sea-level  canal  would  be  lower  for  transporta- 
tion than  it  would  be  taken  out  dry  and  hauled  oflF  on  a  railix>ad^ 

Colonel  Ernst.  Yes;  the  idea  I  had  in  mind  was  that  you  would 
have  a  very  narrow  point  of  attack  if  you  were  attempting  to  use 
water  transportation.  You  could  only  use  water  transportation  over 
such  portions  of  the  canal  as  had  water  in  it. 

Senator  Morgan.  If  you  came  in  from  the  40-foot  contour,  your 
dredges  would  be  followed  by  the  depth  of  water,  which  would  be  40 
feet  deep  below  sea  level  ? 

Colonel  Ernst.  Certainly,  but  you  would  be  attacking  just  the  front 
edge. 

Senator  Morgan.  That  would  be  true  on  both  sides  of  the  Isthmus? 

Colonel  Ernst.  Yes. 
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Senator  Morgan.  So  that  there  could  be  no  want  of  water  in  con- 
ducting the  dred^ng  process  right  against  the  front  of  the  opposing 
wall,  whatever  it  might  be,  with  the  water  following  behind? 

Colonel  Ernst.  Yes;  but  vou  could  only  use  2  or  3  machines,  for 
instance,  instead  of  100,  as  they  talk  about  using. 

Senator  Morgan.  But  if  the  two  or  three  machines  could  do  the 
work  of  a  hundred,  it  would  make  no  difference,  would  it? 
Colonel  Ernst.  No,  sir. 

Senator  Morgan.  I  think  it  is  probably  confessed  that  a  dredge  can 
do  more  work  than  a  steam  shovel,  no  matter  how  big  it  is,  if  the 
dredge  is  big  enough. 
Colonel  Ernst.  1  suppose  that  is  so. 

Senator  Morgan.  So  that  as  an  implement  of  work,  in  dredging  or 
opening  up  a  channel,  the  dredge  is  the  preferable  instrument,  other 
things  being  equal,  size  and  strength,  etc.  ? 
Colonel  Ernst.  Yes. 

Senator  Morgan.  If  you  were  dredging  a  sea-level  canal  from  the 
40-foot  contour  to  Gam  boa,  have  you  a  sufficient  knowledge  of  the 
topography  at  Gamboa  and  in  that  vicinity,  between  that  and  Bohio, 
to  sav  whether  you  would  follow  the  line  of  the  River  Chagres,  or 
whetfeer  you  would  cut  upon  the  right  bank  of  the  Chagres? 

Colonel  Ernst.   Oh,  yes;  you  could  not  follow  the  line  of  the 
Chagres  River. 
Senator  Morgan.  You  could  not? 

Colonel  Ernst.  No,  sir;  it  is  too  tortuous.  You  would  have  to  cross 
it  a  great  many  times. 

Senator  Morgan.  I  mean,  of  course,  the  general  line  of  the  Chagres 
Vallev. 

Colonel  Ernst.  You  would  keep  in  the  bottom  of  that  valley,  cer- 
tainly. 

Senator  Morgan.  You  would  prefer  to  take  your  canal  as  straight 
as  you  could  make  it  right  across  the  river  wherever  you  encountered 
it,  but  along  the  valley,  rather  than  to  encroach  upon  the  hills  on  the 
right  bank? 
Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  Is  there  any  difficulty,  in  your  estimation,  in  dredg- 
ing a  sea-level  canal  from  this  40- foot  contour  up  to  Gamboa  or  the 
vicinity  of  it?     Is  there  any  physical  obstacle  there? 

Colonel  Ernst.  Only  the  difficulty  of  getting  it  done  in  any  reason- 
able length  of  time.  You  would  have  a  very  narrow  point  of  attack. 
You  could  not,  as  you  would  if  you  were  using  land  transportation, 
attack  it  at  a  great  many  different  points — along,  we  will  say,  the  whole 
length  of  the  canal.  By  the  method  you  describe  you  could  only  be 
attacking'  it  at  one  point — the  width  of  the  canal  in  front. 

Senator  Morgan.  You  would  have  two  points:  one  from  each  side 
of  the  Isthmus? 
Colonel  Ernst.  Certainly. 

Senator  Morgan.  And  you  could  attack  it  with  as  many  dredges  as 
was  necessary  to  cover  the  whole  front  of  your  operations? 
Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  Is  there  any  physical  obstruction  or  difficulty  in 
the  way  of  that? 
Colonel  Ernst.  I  do  not  know  of  any  at  all. 
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Senator  Morgan.  At  Gramboa  you  encounter  the  rock  at  the  level  of 
the  sea? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  How  far  is  that  rock  beneath  the  topographic  sur- 
face there? 

.Colonel  Ernst.  About  60  feet.    The  ground  is  about  50  feet  above 
the  level  of  the  sea,  I  think. 

Senator  Morgan.  So  that,  after  digging  down  for  50  feet,  vou  would 
strike  rock  that  was  at  the  level  of  the  sea,  and  you  would  have  to  go 
through  that  40  feet  below  the  level  of  the  sea?  " 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  That  would  be  90  feet.  Do  you  know  of  any 
physical  or  engineering  difficulty  that  would  be  an  obstruction — what 
we  would  call  an  obstruction — to  the  cutting  of  a  sea-level  canal  along 
the  line  I  have  mentioned  to  Gamboa  or  in  that  vicinitv?  Would  you 
find  siny  impediment  there  that  an  engineer  would  shrink  from  and 
say  "1  can  not  accomplish  it?" 

Colonel  Ernst.  No,  sir;  there  is  nothing  that  is  impracticable  there. 

Senator  Morgan.  Between  Gamboa  and  Obispo  is  about  3  miles,  is 
it  not? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  We  speak  of  the  little  village  of  Obispo 

Colonel  Ernst.  I  think  it  is  a  little  more  than  that.  I  can  tell  you 
in  a  moment.     [After  inspecting  map.]    It  is  14  miles. 

Senator  Kittredge.  xou  misunderstood  the  question.  You  are 
referring  to  Bohio  there. 

Senator  Morgan.  You  are  referring  to  Bohio,  are  j'ou  not? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  From  Gamboa  to  Obispo,  I  mean. 

Colonel  Ernst.  It  is  half  a  mile  there — ^a  very  short  distance.  I  do 
not  believe  it  is  more  than  half  a  mile. 

Senator  Morgan.  So  that  they  are  practically  one  location,  speaking 
in  the  general  sense.  There  is  no  special  elevation  or  abrupt  elevation 
of  lana  between  Gamboa  and  Obispo,  is  there? 

Colonel  Ernst.  No,  sir;  there  is  not.  The  river  comes  in  there. 
The  rivers  unite.  The  point  between  the  rivers  is  very  high  ground. 
The  Obispo  River  comes  down  and  joins  the  Chagres  Kiver  very  near 
there. 

Senator  Morgan.  Yes. 

Colonel  Ernst.  And  of  course  thej^  are  at  the  same  level  where  they 
join. 

Senator  Morgan.  Yes.  And  then  there  is  a  little  valley  through 
which  the  Obispo  runs  to  join  the  Chagres? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  And  the  canal  would  go  right  up  that  little  vallej-  i 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  Is  the  ground  abrupt  and  high  on  either  side  of  it  i 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan •  Particularly  so? 

Colonel  Ernst.  Yes,  sir;  there  is  where  you  approach  the  Culebra 
Cut.     That  is  the  beginning  of  it. 

Senator  Morgan.  That  is  the  first  approach  you  make  toward  the 
Culebra  Cut? 
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Colonel  Ernst.  Yes,  sir;  that  is  what  you  may  call  the  beginning  of 
the  Culebra  Cut. 

Senator  Morqan.  You  go  up  the  Obispo  River  from  Gamboa,  and 
then  you  go  into  the  hill  at  the  proper  angle,  called  the  first  Empera- 
dor,  and  tnen  Culeba? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  Then  your  work  is  through  that  ridge,  and  from 
that  over  to  Miraflores? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  Have  you  ever  examined  the  plan  of  the  dam  that 
the  majoritv  of  the  consulting  engineers  propose  to  put  in  at  Gamboa? 

Colonel  £rnst.  They  did  not  prepare  any  plan,  Senator;  they  sub- 
mitted no  design  for  that  dam. 

Senator  Morgan.  They  submitted  no  design? 

Colonel  Ernst.  No  design  at  all.  They  described  it  as  an  all-masonry 
dam  or  an  earth  dam  with  a  masonry  core;  but  there  is  no  design  for  it. 

Senator  Morgan.  They  give  the  height  of  it? 

Colonel  Ernst.  Yes,  sir;  but  no  design. 

Senator  Morgan.  And  an  indefinite  length  upstream? 

Colonel  Ernst.  That  is  all  they  say.     They  give  the  height. 

Senator  Morgan.  They  do  not  give  a  cross  section  of  it,  do  they? 

Colonel  Ernst.  No,  sir;  they  give  no  design  at  all. 

Senator  Morgan.  In  your  studies  of  this  country,  which  1  have  no 
doubt  have  been  entirely  profound  and  very  careful,  what  is  your 
view  or  your  opinion  as  to  the  practicability  of  putting  a  dam  at 
Gamboa  of  the  height  that  the  majority  of  the  committee  propose  ? 

Colonel  Ernst.  I  believe  it  is  practicable  to  build  it. 

Senator  Morgan.  About  how  high  is  that? 

Colonel  Ernst.  One  hundred  and  eighty  feet. 

Senator  Morgan.  That  would  throw  the  water  back  beyond  Alha- 
juela  probably  ? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  1  believe  they  give  measurements  for  that  as  to 
the  size  of  the  lake  it  would  form? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  As  to  the  cubic  contents  of  the  lake? 

Colonel  Ernst.  Yes;  they  do  give  that,  too. 

Senator  Morgan.  Would  the  water  impounded  by  such  a  dam  as  that 
be  sufficient  to  fill  the  prism  of  a  canal  between,  say,  Obispo  and 
Miraflores? 

Colonel  Ernst.  I  have  not  in  mind  what  that  volume  is,  Senator,  but 
1  should  think  it  would. 

Senator  Morgan.  On  the  other  side,  if  a  sea-level  canal  is  dredged 
in  from  the  40- foot  contour,  near  these  islands,  I  suppose  that  would 
be  through  the  level  country,  the  low  country,  to  Miraflores,  and  if  that 
canal  should  J^e  40  feet  deep  below  the  level  of  the  sea,  and,  say,  300 
feet  wide,  would  a  canal  with  a  prism  of  those  dimensions  dispense  with 
the  necessitv  of  putting  in  a  sea-gate? 

Colonel  Ernst.  1  do  not  think  it  would. 

Senator  Morgan.  Why  ? 

Colonel  Ernst.  I  think  the  volume  of  water  that  is  to  go  in  there 
has  got  to  get  through  somehow — you  mean  for  a  sea-level  canal  ? 

Senator  Morgan.  1  mean  a  sea-level  canal,  yes,  with  a  rise  of  water 
10  feet  or  10^  feet  above  ordinary  sea  level  at  high  tide. 
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Colonel  Ernst.  That  is  one  of  those  problems  that  is  not  capable  of 
definite  solution;  but  I  made  some  sucn  study  as  this,  if  it  interests 
you  at  all  [illustrating  by  pencil  sketch].  We  will  suppose  that  this 
represents  the  Panama  end  of  the  canal,  and  this  the  Colon  end.  This 
distance  is  47  miles,  that  height  is  10  feet,  and  that  height  10  feet 
[indicating].  Supposing  the  slope  to  be  uniform  all  the  way  from  Pan- 
ama to  Colon,  which  is  tne  most  favorable  condition  that  you  can  have 
for  velocities — that  involves  filling  into  that  canal  a  prism  of  ^ater 
which  is  shown  there  [indicating].  That  can  be  computed.  I  have 
computed  it. 

The  velocity  required  to  get  that  volume  of  water  in  there  is  greater 
than- you  can  possibly  get  up  on  that  slope,  which  shows  to  me  that 
that  tidal  influence  will  not  extend  clear  over  to  Colon.  It  will  only 
extend  a  little  less  than  halfway.  That  ^ives  j^ou  a  slope  which  can 
be  computed,  and  from  that  I  get  a  velocity  of  5  or  6  feet  a  second 
for  an  average.  It  is  not  ^oing  to  be  the  same  at  all  times.  There  can 
not  be  any  average  velocity  tnere.  It  will  be  much  greater  at  one 
time  than  it  will  be  at  another  time;  but  I  should  expect  a  velocity  of 
6  or  7  feet  a  second  there  at  least. 

Senator  Morgan.  At  high  tide? 

Colonel  Ernst.  Yes.  sir;  at  high  tide  and  at  low  tide.  It  would 
flow  in  at  one  time  and  flow  out  at  the  other  time. 

Senator  Morgan.  So  that  you  think  that  that  would  not  dispense 
with  the  necessity  for  the  sea  gates,  even  if  that  canal  is  300  feet  wide? 

Colonel  Ernst.  No,  sir;  I  think  we  will  have  to  have  sea  gates  there 
still. 

Senator  Morgan.  Suppose  you  make  it  400  feet  wide? 

Colonel  Ernst.  I  do  not  know  where  the  limit  will  come.  I  sup- 
pose it  would  come  in  tirile,  but  not  with  a  width  of  400  feet.  I  think 
you  would  still  have  to  have  the  sea  gates  with  a  width  of  400  feet 

Senator  Morgan.  I  called  your  attention  to  it  because  some  of  the 
engineers  who  have  appeared  before  the  committee  have  said  that  a 
canal  with  a  prism  of  300  feet  extending  from  Miraflores  out  to  the 
sea  would  dispense  with  the  necessity  for  the  sea  gates. 

Colonel  Ernst.  That  is  a  surmise,  for  which  they  can  not  give  any 
convincing  proof. 

Senator  Morgan.  A  sea-level  canal  there  would  be  40  feet  below 
sea-level  according  to  the  project,  would  be  200  feet  wide,  I  believe 
it  is,  and  the  rock  as  developed  by  the  borings  through  the  Culebra 
Heights  would  average,  according  to  some  estimates  tnat  have  been 
made  here,  26  feet  above  sea-level;  and  that  rock  is  all  described,  after 
you  have  reached  it  and  until  you  get  through  it,  as  a  solid  cube  of 
rock,  of  course  with  dikes  in  it  and  fissures  and  one  thing  and  another; 
but,  practically,  in  operations  and  in  work  it  would  be  estimated  as  a 
solid  cube.  It  would  be,  then,  66  feet  in  depth,  200  feet  wide,  and 
8  miles  long.     That  would  be  about  the  size  of  it,  would' it  not? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  It  would  take  a  long  time  and  a  great  deal  of  hard 
work  to  get  that  cube  of  rock  out  of  there,  would  it  not? 

Colonel  Ernst.  Yes,  sir;  a  great  deal. 

Senator  Morgan.  Was  that  one  of  the  deterrents  against  the  con- 
struction of  the  sea- level  canal? 

Colonel  Ernst.  Yes,  sir. 
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Senator  Morgan.  On  account  of  the  time  it  would  take  and  the 
money  it  worild  cost? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  Did  any  of  the  engineers  suppose  it  would  be 
otherwise  impracticable? 

Colonel  Ernst.  No,  sir. 

Senator  Morgan.  In  an  engineering  sense? 

Colonel  Ernst.  No,  sir;  none  at  alL 

Senator  Morgan.  They  thought  that  rock  could  be  taken  out  ? 

Colonel  Ernst.  Oh,  yes. 

Senator  Morgan.  The  two  plans  that  were  submitted  were  a  lock 
canal  and  a  sea- level  canal;  that  is  to  sav,  a  lock  canal  over  the  whole 
width  of  the  Isthmus,  in  some  form,  and  a  sea-level  canal  through  the 
whole  width,  in  some  form,  with  practically  the  same  line,  the  same 
curvatures,  and  all  that.  Was  any  intermediate  plan  ever  suggested 
or  acted  upon  bj'  the  Commission? 

Colonel  Ernst.  You  mean  our  commission  of  1901? 

Senator  Morgan.  I  mean  the  board  of  consulting  engineers. 

Colonel  Ernst.  They  studied  three  or  four  different  projects,  dif- 
ferent arrangements  of  dams. 

Senator  Morgan.  But  they  were  all  either  lock  canals  through  and 
through,  or  else  they  were  sea-level  canals  through  and  through? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  And  an  intermediate  plan  of  a  canal  partly  sea- 
level  and  partly  a  lock  canal  across  the  Culebra  Heights  was  not  passed 
upon  by  tnem ) 

Colonel  Ernst.  No,  sir;  unless  you  call  that  part  leading  up  to 
Gatun,  between  Colon  and  Gatun,  a  sea-level  canal.  It  is  at  the  level 
of  the  sea. 

Senator  Morgan.  Yes;  from  Gatun  up  to  Colon,  or  out  to  sea? 

Colonel  Ernst.  Yes. 

Senator  Morgan.  That  would  be  a  sea-level  canal. 

Colonel  Ernst.  There  is  about  7  miles  of  it  there. 

Senator  Morgan.  That  would  be,  necessarily,  a  sea-level  canal — that 
much  of  it? 

Colonel  Ernst.  Yes. 

Senator  Morgan.  The  two  propositions  that  were  submitted  to  the 
consulting  board,  as  I  understend,  upon  which  they  passed,  were  the 
lock  canal,  practically  covering  the  whole  width  of  the  Isthmus,  or  a 
sea-level  canal  covering  the  same  width. 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  But  the  question  of  the  possibility  of  an  inter- 
mediate plan  of  which,  say,  two-thirds  would  be  sea-level  and  one- 
third  lock  canal  was  not  considered? 

Colonel  Ernst.  They  considered  a  number  of  things,  but  I  am  not 
quite  familiar  with  what  they  were.  They  made  a  number  of  studies 
besides.     I  think  they  discussed  that. 

Senator  MpROAN.  But  they  did  not  pass  upon  an^'^  such  proposition 
as  I  suggest,  because  it  was  not  submitted  to  them  ? 

Colonel  Ernst.  No,  sir;  it  never  was  worked  up  in  detail. 

Senator  Morgan.  That  was  their  duty,  or  what  the}-  were  invited 
to  do — to  pass  upon  the  simple  question  of  a  lock  canal  over  all  or  a 
sea-level  canal  over  all,  across  the  Isthmus?    The  other  projects,  or 
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studies,  whatever  they  may  have  been,  were  not  passed  upon  except 
for  the  purpose  of  making  calculations  and  the  like  of  that? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  Would  you  consider  that  a  canal  that  was  a  sea- 
level  canal  as  far  out  as  from  the  40-foot  contour  to  Gramboa  and  then, 
say,  a  60-foot  level,  if  you  please,  from  there  across  to  Miraflores,  and 
then  return  to  the  sea-level  structure  from  that  out  to  the  Panama 
Bay,  say,  to  the  Isle  of  Naos,  or  wherever  it  mi^ht  reach  the  40-foot 
contour-  -would  you  consider  that  an  impracticable  scheme? 

Colonel  Ernst.  No,  sir;  1  think  that  could  be  done.  You  mean 
physicall}'  practicable? 

•Senator  Morgan.  Physicallv  practicable,  yes. 

Colonel  Ernst.  Yes;  I  think  so. 

Senator  Morgan.  In  that  case  you  would  get  the  water  to  fill  that 
prism  between  Gamboa  and  Miraflores  out  of  this  Gamboa  dam? 

Colonel  Ernst.  Yes. 

Senator  Morgan.  And  your  opinion  is  that  the  stream  there  would 
furnish  enough  water  to  fill  that  prism,  the  balance  of  the  proposed 
prism  being,  of  course,  filled  with  sea  water? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  That  is  all  I  want  to  ask  vou.  Colonel. 

Senator  Kittrbdge.  Do  you  regard  the  conaitions  at  Bohio  as  favor- 
able for  the  construction  of  a  dam  as  at  Gatun,  leaving  out  of  consid- 
eration the  question  of  locks  and  the  securing  of  a  greater  supply  of 
water? 

Colonel  Ernst.  Yes;  I  do.     It  would  be  a  shorter  dam. 

Senator  Kittredge.  And  you  regard  the  conditions  under  the  sur- 
face as  favorable  as  at  Gatun? 

Colonel  Ernst.  Well,  yes;  I  think  I  may  say  that.  They  are  cer- 
tainljr  conditions  that  can  be  met  without  any  difficulty  at  all.  Engi- 
neering resources  can  close  up  that  subfoundation. 

Senator  Kittredge.  You  make  that  statement  in  the  light  of  the 
fact  that  since  you  have  testified  here  before,  under  the  direction  of 
Mr.  Wallace,  borings  have  gone  40  feet  deeper  than  they  had  at  that 
time? 

Colonel  Ernst.  Oh,  yes.  That  would  not  change  my  idea  about 
the  feasibility  of  building  that  dam  at  all. 

Senator  Kittredge.  I  will  read  just  a  few  questions  and  answers 
from  your  testimony  given  before  the  committee  four  or  five  years 
ago,  at  the  time  Senator  Morgan  was  chairman  of  the  committee. 
(Keading:) 

"  The  Chairman.  So  that  there  are  contingencies  to  be  looked  for- 
ward to  of  serious  character,  both  in  the  temporary  dam  and  in  the 
permanent  dam? 

''Colonel  Ernst.  I  should  think  so. 

''The  Chairman.  Do  you  agree  with  Mr.  Morison  that  125  feet 
below  sea  level  at  Bohio  is  an  unusual  and,extraoi*dinary  depth  in 
which  to  do  pneumatic  work  ? 

"Colonel  Ernst.  Well,  it  never  has  been  done  yet  to  that  depth. 

"The  Chairman.  Do  you  know  that  it  ever  has  been  attempted,  but 
failed? 

"Colonel  Ernst.  No,  sir. 

"The  Chairman.  Well,  engineers  have  not  as  3'^et  been  heroic 
enough  to  undeilake  it. 
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-'  Colonel  Ernst.  I  do  not  know  whether  it  requires  heroism  or  not. 
They  have  not  done  it. 

"  The  Chairman.  If  you  were  at  work  for  private  owners,  who  had 
to  furnish  the  money  out  of  their  own  pockets,  you  would  despair  of 
convincing  them  that  it  was  a  good  venture. 

"  Colonel  Ernst.  It  would  depend  on  the  necessity  for  it.  Of  course 
you  take  chances  where  you  have  to  do  it,  and  you  do  not  take  them 
where  you  do  not  have  to." 

Do  you  agree  with  that  statement  to-day  ? 

Colonel  Ernst.  Oh,  yes,  sir;  entirely.  May  I  read  the  paragraph 
to  which  that  examination  referred  in  the  report? 

Senator  Kittredge.  You  mean  of  the  testimony? 

Colonel  Ernst.  Not  the  testimony,  but  the  report  of  the  Commission. 

Senator  Kittredge.  The  testimony,  of  course,  referred  to  the  dam 
atBohio? 

Colonel  Ernst.  I  want  to  read  you  what  I  had  already  signed  con- 
cerning that  dam.  This  was  a  sequel.  It  covers  about  a  page.  Do 
you  object  to  that  length  of  quotation? 

Senator  Kittredge.  Refer  to  the  page  from  which  you  read. 

Senator  Morgan.  I  think  it  had  better  go  in. 

The  Chairman.  Read  it.  Colonel. 

Colonel  Ernst.  It  is  an  extract  from  the  report  of  the  Isthmian 
Canal  Commission  of  1899-1901  (reading  from  pages  94  and  96): 

''The  Bohio  dam  is  the  most  important  structure  on  the  line,  being 
of  great  magnitude,  of  vital  necessity  to  the  scheme,  and  oflFering 
many  diiBculties  of  construction.  The  Commission  has  devoted  much 
time  to  the  procurement  of  full  and  reliable  inforaiation  concerning 
the  foundation  upon  which  this  dam  must  rest  and  to  a  study  of  the 
various  types  of  structures  which  might  be  adopted."  Then  it  gives 
an  account  of  the  borings  and  the  materials. 

''These  materials  are  found  in  beds  of  varying  shape  and  thickness, 
not  distributed  with  uniformity,  and  not  arranged  according  to  any 
general  law  from  which  can  be  deduced  the  character  of  the  soil  at 
points  other  than  those  actually  examined.  In  every  section  con- 
structed from  the  borings  strata  of  greater  or  less  dimensions  are 
found,  which  are  permeable  by  water.  How  far  these  extend  and 
whether  or  not  they  communicate  with  the  surface  of  the  ground  above 
the  site  of  the  dam  are  points  about  which  information  can  not  be 
obtained  in  advance  with  certainty.  If  a  dam  be  built  with  permeable 
strata  under  it  there  will  probably  be  leakage,  but  what  the  amount 
of  this  will  be  is  a  question  about  which  there  is  room  for  much  differ- 
ence of  opinion. 

"It  would  seem  probable  to  many  that  the  leakage  will  not  be  suffi- 
cient to  endanger  tne  water  supply  and  that  an  earthen  dam  is  there- 
fore feasible,  but  it  is  evident  that  here  is  a  danger  to  be  avoided  if 
possible.  A  masonry  dam  founded  throughout  upon  the  rock  or  an 
earth  dam  with  a  masonry  core  going  down  everywhere  to  rock  would 
close  the  valley  completely  and  would  leave  no  question  open  as  to  its 
future  efficiency.  In  its  preliminary  report  the  Commission  based  its 
estimates  on  a  masonry  dam.  The  examinations  of  the  ground  had 
not  at  that  time  been  completed.  So  far  as  they  had  progressed  they 
showed  a  site  where  a  masonry  dam  seemed  the  most  suitable,  but  it 
was  subsequently  found  that  the  depth  to  rock  upon  that  site  was  at 
least  143  feet  below  sea  level  at  the  deepest  part. 
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'  It  was  considered  best  to  avoid,  if  possible,  so  ^reat  a  depth  of 
foundation.  A  site  was  found  a  few  hundred  feet  fartner  downstream, 
where  the  length  of  the  dam  would  be  considerably  greater  than  at  the 
former  site,  but  the  greatest  depth  to  rock  revealed  by  the  borings 
was  only  128  feet  below  sea  level.  The  line  runs  from  a  point  near 
the  railroad  station  at  Bohio,  on  the  east  side  of  the  river,  straight 
across  to  the  rocky  hill  on  the  west  side. 

'^On  the  east  side  the  rock  is  at  the  surface  practically  from  the 
water  in  the  river  to  the  end  of  the  dam.  On  the  west  siae  the  bank 
above  low  water  is  composed  either  of  pure  clay  or  of  clay  mixed 
with  sand,  while  below  low  water  are  found  irregular  beds  of  sand  and 
sandy  clay.  The  physical  features  of  the  location  admit  of  the  con- 
struction of  an  eartK  embankment  with  a  heavy  masonry  core  carried 
down  to  bed  rock  throughout  the  length  of  the  structure.  For  reasons 
of  economy  that  type  of  dam  is  preferable  to  one  wholly  of  masonry 
upon  the  new  site,  and  is  now  adopted. '^ 

So  that  it  was  to  remove  all  douot.  There  is  something  else  here  in 
my  evidence  before  that  committee  that  I  would  like  to  find. 

Senator  Kittredge.  Right  at  that  point,  if  it  will  not  interrupt  you: 
The  dam  of  which  you  were  talking  when  you  testified  before  us  at 
the  time  I  have  mentioned,  four  or  five  years  ago,  contemplated  a 
foundation  to  bed  rock,  did  it  not,  at  Bohio  ? 

Colonel  Ernst.  That  was  the  scheme  on  which  the  estimate  was 
made.  It  did  not  mean,  necessarily,  that  there  was  no  other  way  to 
make  that  subfoundation  tight.  The  point  was  to  make  the  subfoun- 
dation  tight. 

Senator  Kittredge.  You  recommended  to  us,  or  advised,  at  least, 
that  the  dam  at  Bohio  he  placed  upon  a  rock  foundation? 

Colonel  Ernst.  Yes;  the  core. 

Senator  Kittredge.  Yes;  either  on  a  foundation  of  solid  rock  or  a 
masonry  core.    That  is  right,  is  it  not? 

Colonel  Ernst.  Yes,  sir. 

Senator  Kittredge.  You  regarded  that  dam  at  Bohio  without  a 
masonry  core — putting  it  that  way — as  involving  danger  to  the  struc- 
ture and  danger  to  the  canal,  did  you  not'i; 

Colonel  Ernst.  No,  sir;  that  is  not  a  necessary  sequence.  Let  me 
read  you  some  more  of  this  evidence  of  which  you  have  already  quoted 
a  part  (reading): 

''Senator  Hanna.  Now,  about  the  Bohio  dam.  That  is  a  matter 
about  which  there  has  been  a  great  diversity  of  opinion  in  the  testi- 
mony given  here,  and  I  would  like  to  have  your  opinion  about  the 
construction  of  that  dam — as  to  whether  or  not  is  feasible.  The  two 
dams  have  been  discusiied.  Mr.  Morison  gave  testimony  that,  in  his 
judgment,  he  thought  that  upon  further  examination  that  in  the  work 
of  construction  he  had  faith  to  believe  that  a  core  dam  would  not  be 
necessary. 

"Colonel  Ernst.  That  is  the  opinion  of  many  very  sound  engineers. 

"The  Chairman.  Have  you  seen  Mr.  Morison's  statement  in  his 
paper  before  the  American  Society  of  Engineers? 

"Colonel  Ernst.  Yes;  1  have  seen  that.  These  French  engineers  did 
not  propose  to  put  a  core  down  at  all.  They  did  not  know  how  far 
the  rock  was— they  did  not  find  it.  We  did. "  They  proposed  an  earth 
dam  and  Mr.  Morison  prefers  an  earth  dam.  The  majorily^  of  the 
Commission  felt  that  that  left  a  danger  that  it  was  desirable  to  avoid 
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if' possible.  There  is  no  use  of  taking  unnecessary  risks,  and  we 
thought  it  was  possible  to  close  that  geological  valley  absolutely,  with 
an  impervious  core,  going  down  to  bed  rock.,  and  then  there  is  no 
question  but  what  there  is  under  that  dam  an  impervious  core.  That 
was  the  most  conservative  way,  at  least  for  the  estimate,  but  at  the 
same  time  a  very  much  more  expensive  way,  and  the  Commission  felt 
that  it  was  desirable  to  put  in  an  estimate  for  the  most  effective  and 
the  most  expensive  dam. 

^^  Senator  Hanna.  But  when  it  came  to  the  time  for  construction 
and  further  investi^tion  conditions  may  be  found  to  exist  that  would 
change  the  opinion  in  reference  to  that? 

"  Colonel,  Eknst.  That  is  possible. 

"Senator  Hanna.  And,  or  course,  there  would  be  further  investi- 
gations made  before  any  work  would  be  commenced? 

"  Colonel  Ernst.  Yes." 

Senator  Kittredoe.  That  was  the  testimony  that  I  had  in  mind. 
So  that  you  regarded  that  condition  which  you  have  described  there 
as  a  danger  to  the  dam  structure  and  the  canal  itself,  did  you  not? 

Colonel  Ernst.  We  regarded  the  leakage  under  the  dam  as  a  danger; 
yes.  We  did  not  regard  that  masonry  core  as  a  necessary  means  to 
stop  that  leakage.    There  were  other  means  to  stop  it. 

Senator  Morgan.  But  still  you  recommended  a  cut-stone  dam? 

Colonel  Ernst.  No,  sir;  an  earth  dam  with  a  masonr}'  core. 

Senator  Morgan.  Did  the  Commission  recommend  an  earth  dam 
with  a  masonry  core? 

Colonel  Ernst.  Yes,  sir.  What  we  were  trying  to  do  there  was  to 
give  a  thing  that  was  absolutely  safe. 

Senator  Kittredge.  That  is  the  wise  thing  to  do  always  in  a  work 
of  this  sort,  is  it  not? 

Colonel  Ernst.  Exactly.  The  rfiasonry  core  was  one  method.  It 
was  to  be  put  down  by  the  pneumatic  process.  It  was  not  the  only 
method. 

Senator  Kittredge.  What  other  methods  had  you  in  mind  at  th'iEit 
time,  and  have  you  in  mind  now,  to  cut  off  that  water  i 

Colonel  Ernst.  The  principal  method,  the  one  that  I  should  first 
use,  would  be  to  pump  down  liquid  cement. 

Senator  Kittredge.  To  what  depth  can  that  be  done? 

Colonel  Ernst.  I  do  not  see  why  it  can  not  go  to  any  depth  that  you 
can  put  a  pipe  down. 

Senator  Kittredge.  Is  there  certainty  that  you  can  by  that  method 
effectually  close  all  places  through  which  water  percolates  ? 

Colonel  Ernst.  I  think  so. 

Senator  Kittredge.  How  can  you  determine  that  fact  absolutely? 

Colonel  Ernst.  Why,  you  can  liave  test  pipes  and  see  when  the  flow 
stops.  I  think  it  is  perfectly  feasible  to  tighten  up  all  those  crevices, 
so  that  thercwill  not  be  any  leakage  at  all. 

Senator  Kittredge.  Do  3^ou  advise  that  that  method  be  pursued  in 
the  Gatun  dam  structure? 

Colonel  Ernst.  No,  sir;  I  do  not  think  it  is  necessary  there  at  all. 
It  is  one  of  the  things  that  could  be  done  if  it  were  necessa^^^ 

Senator  Morgan.  That  liquid  cement  when  it  was  pressed  into  the 
interstices  of  a  material  that  it  was  to  harden  would  unite  with  such 
material  and  make  a  grouting  that  would  make  a  solid  rock  in  the 
course  of  time? 
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Colonel  Ernst.  That  is  just  what  it  would  make. 

Senator  Moboan.  If  there  was  any  wood  in  there  it  would  not  unite, 
would  it? 

Colonel  Ernst.  It  would  be  buried  in  this  artificial  rock.  It  would 
make  an  artificial  rock,  and  anything  there  would  be  buried  in  it. 

Senator  Morgan.  It  would  be  very  necessary,  would  it  not.  Colonel, 
to  have  the  material  into  which  you  make  this  injection  of  cement  or 
such  consistencv  and  »uch  uniformity  of  structure  as  that  the  cement 
would  till  up  all  parts  of  it  under  pressure,  so  that  when  it  hardened  it 
would  become  equivalent  to  solid  rock  there? 

Colonel  Ernst.  You  would  want  to  fill  up.all  the  interstices;  yes,  sir. 

Senator  Morgan.  You  would  do  that  by  putting  pressure  enough 
upon  your  pump  to  drive  it  down? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  I  want  to  ask  the  Colonel  some  other  questions 
on  a  different  subject. 

Senator  Kitiredge.  I  wish  to  ask  him  one  more  question,  if  I  may, 
Senator? 

Senator  Morgan.  Certainly. 

Senator  Kittredge.  Why  do  you  recommend  that  this  process 
which  you  have  described  be  used  at  Bohio  and  not  at  Gatun  ? 

Colonel  Ernst.  There  is  a  verjr  great  difference  in  the  material  down 
there  near  the  bottom.  At  Bohio  we  found  some  material  there  as  bi^ 
as  a  hen's  egg.  We  did  not  find  it,  but  Mr.  Wallace's  borings  found 
material  down  there  as  big  as  a  hen's  egg.  They  have  no  such  mate- 
rial as  that  at  Gatun.     That  is  the  reason. 

Senator  Kittredge.  In  what  respect  does  the  material  differ  taken 
from  the  borings  at  Bohio  and  at  Gatun,  at  the  depth  of  268  feet? 

Colonel  Ernst.  In  that  respect.  In  one  case  it  is  fine  and  in  the 
other  case  it  is  not.  It  is  very  much  finer  and  very  much  less  porous 
in  the  one  case  than  in  the  other. 

Senator  Kittredge.  But  at  Gatun  it  is  porous  just  the  same,  is  it 
not? 

Colonel  Ernst.  Not  the  same;  no. 

Senator  Kittredge.  But  it  is  porous  ? 

Colonel  Ernst.  Yes;  there  is  some  porous  material  down  at  the 
bottom. 

Senator  Kittredge.  Differing  only  in  degree? 

Colonel  Ernst.  Only  in  degree;  yes. 

Senator  Morgan.  But  the  report  of  the  minority  does  not  propose  to 
inject  cement  down  into  these  deep  gorges? 

Colonel  Ernst.  No;  I  do  not  propose  it  either.  You  do  not  under- 
stand me  to  propose  it? 

Senator  Morgan.  You  merely  rex*ommend  it  as  a  measure  that 

Colonel  Ernst.  That  could  be  used  at  Bohio.  We  are  talking  about 
the  Bohio  dam,  entirely. 

Senator  Morgan.  Could  you  not  make  use  of  the  same  material,  in 
the  same  way,  at  Gatun  ? 

Colonel  Ernst.  Certainly,  if  you  wanted  to ;  if  it  was  necessary. 

Senator  Morgan.  In  case  you  did  it  by  injecting  cement,  you  would 
have  a  better  foundation,  or  a  better  stone  protection  against  percola- 
tion of  water  than  you  would  have  at  Gatun  ? 

Colonel  Ernst.   Yes,  sir. 

Senator  Morgan.  Because  the  material  is  finer? 
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Colonel  Ernst.  It  would  be  better.     It  is  not  necessary. 

Senator  Morgan.  You  are  a  member  of  what  I  call  the  Walker 
Exploration  Commission  of  1901  ? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  And  you  served  on  that  and  joined  in  the  report? 

Colonel  Ernst.  Yes,  sir.  • 

Senator  Morgan.  And  then  you  became  a  member  of  the  first  Walker 
Construction  Commission  ? 

Colonel  Ernst.  No.  sir;  I  was  not  a  member  of  that. 

Senator  Morgan.  Or  of  the  present  one? 

Colonel  Ernst.  I  am  on  the  present  one. 

Senator  Morgan.  You  were  not  with  the  Walker  Commission,  then, 
when  they  were  encountering  the  first  work  that  they  had  to  do  in 
providing  for  constructing  the  canal  down  there? 

Colonel  Ernst.  No,  sir. 

Senator  Morgan.  But  you  knew  the  conditions  pretty  well,  did 
you  not?  • 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  I  wish  you  would  describe  them.  Colonel,  if  3'ou 
please,  I  want  to  show,  in  justice  to  that  Commission,  the  sort  of 
work  that  had  to  be  done  and  the  amount  of  it  in  the  first  opening  up 
of  their  work  on  the  canal. 

Colonel  Ernst.  The  work  had  gone  to  seed.  The  French  had  a 
force  down  there  of  600  or  700  men  taking  care  of  the  property.  There 
was  an  immense  amount  of  machinery  and  plant  of  every  description 
upon  the  site,  which  we  had  looked  over  and  pronounced  worthless; 
that  is  to  say,  it  was  so  nearly  worthless  that -we  would  not  make  any 
special  allowance  for  it.  It  is  said  to  have  cost  $30,000,000,  and  I 
think  that  is  not  impossible. 

There  were  village  after  village  of  these  laborers'  camps,  engineer- 
ing camps  along  the  Isthmus,  some  of  them  buried  in  thickets.  Some 
of  them  you  would  not  know  were  there,  and  they  were  not  discovered 
until  later.  Those  buildings  looked  a  great  deal  worse  than  they  really 
turned  out  to  be  afterwards.  The  exterior  was  badly  rotten,  the 
boards  were  exposed  to  the  weather,  wind,  and  rain,  and  were  ready 
to  fall  to  pieces.  You  would  take  those  oflF,  and  you  would  come  to 
good  lumoer;  so  that  there  was  a  good  deal  more  in  the  buildings  than 
we  thought  there  was. 

The  railroad  was  overworked  and  behind  the  times.  There  was  a 
man  in  charge  of  it  who  had  left  this  country  sixteen  years  before, 
who  was  a  very  good  railroad  man  in  his  day,  but  who  had  not  learned 
anything  of  the  new  methods.  The  wharves  were  not  sufficient  really 
for  the  every  day  traffic  of  that  railroad.  The  Commission  had  to 
create  everything  from  the  ground.  They  had  to  rebuild  or  build 
new  all  the  structures  required  for  a  population,  we  will  say,  of  25,000 
people;  and  by  that  I  do  not  mean  simply  boarding  houses  and  sleep- 
mg  rooms,  but  they  had  to  build  jails,  and  hospitals,  and  court-houses, 
and  everything  else  that  you  require  in  a  municipality. 

They  had  to  multiply  the  wharf  room  by  eignt  or  ten — I  do  not 
know  what — to  bulla  new  wharves.  They  had  to  buy  new  steamers 
to  get  things  down  there.  This  could  not  all  go  on  at  once,  because  to 
do  this  work  you  had  to  have  shelter  for  your  men,  and  they  did  not 
have  that.  So  that  the  progress  had  to  be  gradual,  of  course,  first  get- 
ting a  little  more  force,  and  then  a  little  more  accommodation  to  take 
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care  of  more  force;  so  that  it  increased  by  decrees.  It  was  utterly 
impossible  to  do  that  thing  in  a  day — ^absolutely  impossible.  I  think 
the  Commission  did  some  very  ffood  work  down  there. 

Senator  Moroan.  Then  they  had  to  organize  transportation,  I  sup- 
pose, on  the  Isthmus? 

Colonel  Ernst.  Yes,  sir.  They  had  to  reorganize  the  railroad,  and 
they  had^  to  get  a  new  plant.  The  locomotives  were  oat  of  date  and 
the.  cars  were  out  of  date.  I  think  they  ordered  some  1,500  ears.  I 
have  a  memorandum  of  that  somewhere.  [Consulting  memorandum]. 
Yes;  they  ordered  24  locomotives,  500  box  cars,  6  passenger  cars, 
12  caboose  cars,  1  pile  driver  and  wrecker  for  the  railroad. 

Senator  Morgan.  This  was  all  necessary  just  for  inaugurating  the 
work? 

Colonel  Ernst.  For  inaugurating  it,  yes,  sir.  They  ordered  61 
steam  shovels,  120  locomotives,  1,300  mit  cars,  324  dump  cars,  12 
Lidgerwood  unloaders,  and  13  spreaders.  Those  were  some  of  the 
principal  items  of  plant  that  they^  had  to  get.  Concerning  that  old 
material  down  there,  as  I  say,  we  were  not  willing  to  allow  anything 
for  it.  We  were  conscious  that  there  was  some  residue  of  value  in  it; 
that  some  of  that  material  might  be  used — bar  iron,  and  things  like 
that,  surveying  instruments,  and  so  on — but  we  were  not  ready  to 

?ay  anything  for  it  at  all,  except  in  that  general  item  of  omissions. 
Wt  is  all  they  had.  They  patched  up.  a  lot  of  that  and  kept  their 
force  going  with  it. 

Senator  Morgan.  The  railroad  and  connecting  steamers  that 
belonged  to  the  railroad  were  an  indispensable  arm  of  that  service? 

Colonel  Ernst.  Yes,  sir;  absolutely. 

Senator  Morgan.  But  for  those  they  could  not  have  made  any 
progress? 

Colonel  Ernst.  Practically,  no. 

Senator  Morgan.  If  they  had  depended  upon  miscellaneous  shipping 
to  get  their  material  and  people  in  there,  and  food,  and  all  that,  they 
could  have  made  practically  no  progress. 

Colonel  Ernst.  No,  sir. 

Senator  Morgan.  The  countr}^  was  barren  of  food,  practically  ? 

Colonel  Ernst.  Yes,  sir;  there  was  not  enough  for  the  people  who 
lived  in  it. 

Senator  Morgan.  The  i*ailroad  was  then,  in  fact,  and  practically 
during  the  first  year  of  the  eflFort  to  open  that  canal,  the  most  active 
and  the  most  important  factor  in  the  work? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  Who  controlled  that  railroad  in  regard,  for  instance, 
to  transportation,  and  also  in  regard  to  freight  rates  across  the  Isthmus 
at  that  time?     Was  it  the  railroad  company? 

Colonel  Ernst.  The  railroad  company,  yes;  the  board  of  directors. 

Senator  Morgan.  When  you  got  there  as  a  commissioner  you  found 
that  the  railroad  and  all  of  its  work  and  all  of  its  property  and  all  of 
its  Dossessions  were  under  the  control  of  the  railroad  company  ? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  Through  a  board  of  directors? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  And  the  United  States  bad  acquired  at  the  time 
you  became  a  Commissioner  all  or  nearly  all  of  the  stock  in  the 
railroad? 
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Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  And  soon  acquired  the  whole  of  it? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  And  the  United  States,  through  its  Canal  Com- 
missioners, or^nized  a  board  of  directors  for  that  railroad  with  some 
outsiders  coming  in — stockholders? 

Colonel  Ernst.  Yes;  the  number  is  fixed  by  law— by  the  charter— 
and  the  Secretary  of  War  really  represents  the  Government.  He 
dictates  the  board  of  directors. 

Senator  Morgan.  He  dictates — or  did  then,  when  you  fii-st  came  in, 
dictate — the  majority  of  the  board  of  directors;  but  there  were  still 
persons  who  were  elected  in  some  way  by  the  stockholders  that  had 
not  as  yet  sold  their  stock? 

Colonel  Ernst.  I  do  not  understand  it  that  way.  Senator.  The 
shares  were  so  few  and  so  scattered  that  they  could  not  control  a  direc- 
tor. There  were  only  some  1,100  shares,  and  they  were  scattered  all 
over  the  world.  The  other  nearly  69,000  were  voted  bv  the  Secretary 
of  War,  and  he  dictated  the  board  of  directors;  and  he  ordered  that 
each  member  of  the  Canal  Commission  should  be  a  member  of  the 
board  of  directors. 

Senator  Morgan.  Yes;  that  is,  controlling  the  majority  of  the  stock? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  So  that  after  the  Government  took  over  the 
property  it  first  obtained  a  board  of  directors,  and  they  were  really 
named  and  elected  by  the  stock  of  the  United  States  ? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  And  through  the  Secretary  of  War? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  And  the  "Secretary  of  War  went  out  and  got  other 
persons  who  had  no  connection  with  the  construction  of  the  canal  at 
all,  and  no  interest  in  it,  to  come  in  and  constitute  membership  in  that 
board? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  You  had  been  there  at  the  opening  and  before  the 
opening  of  any  work  done  by  the  United  States  Government,  and  you 
arrived  again,  I  suppose,  as  a  Commissioner,  at  the  time  that  the  first 
Commission  was  removed. 

Colonel  Ernst.  Yes,  sir;  soon  after  that. 

Senator  Morgan.  Do  you  know  whether  their  resignation  had  been 
required  by  the  Government? 

Colonel  Ernst.  Not  of  my  personal  knowledge.  I  only  know  what. 
I  saw  in  the  newspapers  about  it. 

Senator  Morgan.  But  they  had  all  resigned? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  And  a  new  Commission  was  appointed? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  And  upon  that  new  Commission  some  of  the  old 
Commissioners  were  retained.  Who  were  they?  Colonel  Hains  was 
one  that  was  retained,  was  he  not? 

Colonel  Ernst.  No,  sir;  Colonel  Hains  was  on  the  Commission  of 
1899-1901.  He  was  not  on  the  first  construction  Commission.  There 
was  no  member  of  it  retained — yes;  Major  Harrod  was  retained. 

Senator  Morgan.  Was  he  the  only  one? 
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Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  So  that  six  were  removed  or  resigned,  and  one 
remained? 

Colonel  Ernst.     Yes,  sir. 

Senator  Morgan.  And  he  formed  a  nucleus  around  which  the  new 
board  was  assembled? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  Where  is  Major  Harrod  now? 

Colonel  Ernst.  He  is  here  in  the  room.     [Laughter.] 

Senator  Morgan.  He  is  right  here?  1  did  not  know  the  gentleman. 
I  did  not  know  that  he  was  in  the  room. 

When  you  entered  upon  your  duties  as  a  commissioner,  you  tiien 
first  knew  accurately  the  amount  of  work  that  had  been  done  by  that 
.first  construction  commission  ? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  Did  you  think  that  was  a  creditable  or  a  discredit- 
able performance  on  the  pjart  of  that  board? 

Colonel  Ernst.  It  certainly  was  not  a  discreditable  one. 

Senator  Morgan.  Have  you  any  knowledge  of  any  objection  that 
was  urged  by  the  President  or  by  anybodv  else  to  a  member  of  that 
first  construction  commission,  called  the  Walker  commission,  on  the 
ground  of  incompetency  or  delinquency  in  the  performance  of  duty 
or  for  any  other  cause  l"^ 

Colonel  Ernst.  No,  sir. 

Senator  Morgan.  There  was  nothing  assigned? 

Colonel  Ernst.  No,  sir;  I  never  heard  of  anything. 

Senator  Morgan.  They  were  merely  swept  out  and  a  new  commis- 
sion put  in.  Have  you  any  knowledge  of  the  influences  that  were 
brought  to  bear — any  of  them — to  produce  that  result? 

Colonel  Ernst.  No,  sir. 

Senator  Morgan.  Were  you  surprised  at  it? 

Colonel  Ernst.  Very  much. 

Senator  Morgan.  You  were  very  much  surprised  ? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  You  are  still  unable  to  account  for  it? 

Colonel  Ernst.  Yes  sir;  entirely. 

Senator  Morgan.  The  country  seems  to  be  in  the  same  condition. 
When  you  entered  upon  work  there  under  the  new  Commission,  did 
the  Commission  immediately  go  down  to  the  Isthmus,  after  they  were 
appointed  and  organized  ? 

Colonel  Ernst.  Not  immediately.  We  were  organized  the  first  of 
April,  and  the  order  of  the  President  was  that  we  should  meet  on  the 
Isthmus  the  first  of  each  quarter;  that  is,  the  first  of  April,  the  first 
of  July,  and  so  on.  We  were  organized  too  late  to  go  at  that  time, 
so  that  we,  under  the  orders,  intended  to  go  in  June.  Mr.  Wallace^s 
resignation  came  just  about  the  time  that  we  were  getting  r«Bidy  to 
go  down  there,  and  that  deferred  the  trip  for  two  or  three  weeks,  so 
that  we  did  not  actually  go  until  some  time  in  July. 

Senator  Morgan.  How  long  did  you  remain  on  the  Isthmus  after 
you  went  down  as  a  bod}'^  ? 

Colonel  Ernst.  I  think  we  were  there  about  two  weeks. 

Senator  Morgan.  When  you  got  there  you  found  that  the  previous 
Commission  had  organized  all  of  the  statutes  and  ordinances  tnat  were 
necessarj^  for  the  government  of  that  Zone,  or  supposed  to  be  necessary  i 
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Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  That  was  a  heavy  task,  was  it  not? 

Colonel  Ernst.  I  should  think  it  must  have  been  a  very  heavy  task. 

Senator  Morgan.  The  records  here  show  that  it  must  have  been  a 
heavy  task.  And  they  had  put  in  operation  the  judicial  establishment, 
organized  and  put  in  operation  the  health  establishment,  and  the  labor 
as  far  as  it  was  being  conducted,  and  the  commissary  establishment, 
and  whatever  was^  necessary  for  the  accommodation  of  the  laborers 
who  were  there  and  those  that  were  coming  in.  I  suppose  that  is  all 
correct,  that  they  had  done  all  that? 

Colonel  Ernst.  They  had  done  it  as  far  as  they  were  able  to  do  it. 
Of  course  that  work  was  not  completed. 

Senator  Morgan.  The  laborers  came  in  rapidly  after  the  new  Com- 
mission was  appointed,  did  they  not? 

Colonel  Ernst.  Yes^  sir. 

Senator  Morgan,  x  ou  made  it  a  business  to  push  labor  in  there, 
employees  of  every  kind? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  And  a  good  many  appointments  were  made  to 
clerical  and  other  positions  among  what  were  called  the  gold  men  ? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  And  there  were  some  thousands  added  to  the  list 
of  laborers? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  About  how  many  ? 

Colonel  Ernst.  I  think  that  that  force  grew  from  about  7,000  in 
July  to  some  17,000 — I  do  not  know,  Senator. 

Senator  Morgan.  That  was  an  addition  practically  of  10,000  laborers? 

Colonel  Ernst.  There  was  a  very  large  addition,  I  know  that. 

Senator  Morgan.  The  first  Commission  had  put  on,  I  suppose,  from 
your  calculations  here,  about  five  or  six  thousand  laborers? 

Colonel  Ernst.  Oh,  I  think  so. 

Senator  Morgan.  And  then,  when  the  new  Commission  came  in, 
there  were  10,000  more  put  on. 

Colonel  Ernst.  There  have  been  that  many  added;  yes. 

Senator  Morgan.  And  it  was  done  in  a  hurry,  was  it  not — with 
rapidity  ? 

Colonel  Ernst.  As  fast  as  we  could;  yes,  sir. 

Senator  Morgan.  You  made  great  efforts  to  get  labor? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  When  this  great  addition  of  10,000  laborers  came 
into  this  Isthmus,  were  sufficient  quarters  provided  for  that  great  addi- 
tion to  the  force? 

Colonel  Ernst.  There  was  always  a  tight  squeeze.  There  were 
always  more  men  than  there  were  quarters,  and  1  suppose  that  is  so 
to-day;  but  the  quarters  were  being  increased  as  fast  as  they  could, 
and  the  men  were  being  increased  as  fast  as  the  quarters  could  be  pro- 
vided, and  the  thing  kept  along  in  that  way. 

Senator  Morgan.  And  there  were  rapid  importations  I  suppose — 
and  the  record  shows  it — of  lumber  for  builaing  material  from  the 
Pacitic  coast  and  from  the  Atlantic  coast? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  And  of  all  other  kinds  of  material  that  were  nec- 
essary to  be  employed  in  the  rapid  progress  of  the  work? 
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Colonel  Ernst.  Yes,  sir. 

Senator  Moroan.  And  you  had  a  great  many  mechanics  there,  car- 

E enters,  and  so  on,  for  the  purpose  of  putting  up  houses  and  repairing 
ouses,  etc.  ? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  And  the  work  went  on  rapidly? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  And  hurriedly.  You  then  added  water  to  pro- 
vide for  those  people? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  And  to  provide  a  water  supply  for  Panama? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  And  also  for  Colon  ? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  Had  the  old  commission  made  progress  in  fur- 
nishing a  water  supply  for  these  places? 

Colonel  Ernst.  Oh,  yes,  sir. 

Senator  Morgan.  They  had  prettv  nearly  completed  it,  had  they 
not? 

Colonel  Ernst.  They  had  the  water  turned  on  at  Panama,  which 
was  the  most  important  of  all  of  the  water  supplies.  They  had  brought 
their  pipes  down  from  the  reservoir  into  the  city  and  had  laid,  I  think, 
25  per  cent  of  the  pipes  in  the  city  and  had  turned  the  water  on. 
There  were  public  hydrants  and  some  of  the  houses  were  supplied. 
But  'all  the  people  could  go  out  to  the  hydrants  and  get  water  at  the 
time  we  went  there. 

Senator  Morgan.  That  water  supply  came  from  a  distance  of  6  or  7 
miles? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  Out  of  the  reservoir  that  the  old  Commission  had 
constructed  there  in  the  hills? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  And  they  got  the  water  chiefly,  I  suppose,  out  of 
the  Rio  Grande  or  its  aflluents? 

Colonel  Ernst.  At  the  headwaters  of  the  Rio  Grande  they  formed 
the  reservoir. 

Senator  Morgan.  Was  the  water  usable  and  good? 

Colonel  Ernst.  It  seemed  to  be  ven^  good,  indeed. 

Senator  Morgan.  Well,  then,  this  nrst  Commission  had  also  put  in 
additional  wharfage? 

Colonel  Ernst.  Yes;  but  I  do  not  think  any  of  it  was  finished. 
They  had  begun  it. 

Senator  Morgan.  Had  they  made  improvements  upon  the  railroad  ? 

Colonel  Ernst.  Yes;  they  had  made  some  improvements. 

Senator  Morgan.  Had  they  extended  any  spur  tracks  into  the  dig- 
gings? 

Colonel  Ernst.  I  can  not  be  sure  about  that.  Have  you  our  annual 
report  here? 

Senator  Morgan.  I  would  not  detain  you  to  go  over  that,  because  it 
is,  perhaps,  not  a  very  important  item. 

(Jolonei  Ernst.  They  had  made  some  improvements  in  the  railroad. 
They  will  be  found  enumerated  in  our  annual  report. 
-   Senator  Morgan.  Down  in  the  Bav  of  Panama,  did  they  make  any 
necessary  improvements  in  order  to  facilitate  commerce  in  connection 
with  ships? 
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Colonel  Ernst.  Well,  they  had  a  dredge  at  work  there. 
Senator  Morgan.  Thejr  had  a  dredge  at  work? 
Colonel  Ernst.  Yes,  sir;  they  had  a  dredge  at  work,  and  they  had 
overhauled  the  repair  shop  there  for  making  marine  repairs. 

Senator  Morgan.  That  was  down  at  La  Boca,  at  the  mouth  of  the 
Rio  Grande? 
Colonel  Ernst.  Yes,  sir. 

Senalor  Morgan.  And  they  had  overhauled  and  repaired  other 
machine  shops  along  on  the  line  of  the  railroad  and  the  canal,  down 
clear  to  Colon? 
Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  Had  they  made  repairs  in  Colon,  and  made  any 
effort  to  clean  up  that  place? 

Colonel  Ernst.  Well,  they  had  not  done  any  engineering.  They 
had  begun  on  their  water  supply.  Yes;  they  had  cleaned  all  the  Amer- 
ican part. 

Senator  Morgan.  As  to  the  condition  of  the  engineering  when  you 
took  over  these  French  maps,  was  it  at  all  Ji^atisractory,  in  regard  to 
projected  work  that  the  Commissioners  had  in  view?  Were  those 
maps  satisfactory  ?  Were  they  either  reliable  or  sufficiently  developed  ? 
Colonel  Ernst.  They  were  very  reliable  where  the  French  had  actu- 
ally done  work.  The  French  are  excellent  engineers,  and  wherever 
these  maps  were  the  result  of  actual  observation  they  were  very  reli- 
able; but  there  was  more  (\r  less  sketching  in  some  parts  of  those 
maps. 

Senator  Morgan.  Take  the  maps  topographically,  reaching  out  into 
the  headwaters  of  the  Chagres  and  the  other  rivers,  were  those  maps 
reliable? 

Colonel  Ernst.  In  manv  places  they  were  not,  because,  as  I  say, 
they  were  not  the  result  of  actual  observation,  they  were  sketches. 

i>enator  Morgan.  Was  it  not  necessary  to  predicate  your  work  in 
the  canal  upon  a  resurvey  of  the  whole  system  from  end  to  end? 

Colonel  Ernst.  No.  sir;  I  could  not  say  that,  Senator.  The  line  of 
the  canal  was  very  thoroughly  surveyed,  and  anything  within  easy 
reach  of  the  canal,  anything  that  woula  come  any  wnere  near  the  canal 
prism  itself.  When 'we  would  come  to  overflowing  large  tracts  of 
country  by  dams  such  as  the  Gam  boa  dam  or  any  other  dam,  there  you 
would  get  back  into  country  that  was  not  very  well  known,  and  there 
was  where  the  trouble  came  in. 

Senator  Morgan.  As  to  the  line  of  the  canal:  Take  its  axis  through 
and  through;  had  the  French  conducted  borings  along  the  entire  line 
of  that  canal  from  Colon  out  to  the  Bay  of  Panama  ? 
Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  So  as  to  get  down  to  the  actual  condition  of  the 
substratum,  as  deep  as  sea  level  ? 
Colonel  Ernst,   i  es,  sir;  they  had. 
Senator  Morgan.  Were  those  borings  reliable? 
Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  Were  they  close  enough  together  to  give  sufficient 
accuracy  to  the  data? 

Colonel  Ernst.  They  were  reasonabl}'  so.  Of  course,  we  have 
made  a  great  many  since;  and  the  more  borings  you  have  the  better. 
It  is  impossible  to  make  enough  borings  to  give  anything  more  than 
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:a  general  idea,  anyway.     Yes,  I  think  you  may  say  they  were  reason- 
Ably  close  together. 

Senator  Morgan.  Do  you  know  whether  the  Joint  Commission 
relied  upon  the  French  borings  at  all,  or  whether  they  took  the  Amer- 
ican bormgs  as  furnishing  the  proper  data  for  determining  what  was 
below  the  surface? 

Colonel  Ernst.  I  do  not  know  about  that;  but  I  presume  tbev  took 
the  latest;  I  do  not  know  how  much  attention  they  gave  to  that  French 
profile. 

Senator  Morgan.  As  a  piuctical  business  matter,  with  your  present 
knowledge  of  what  those  engineering  reports  and  maps  and  contribu- 
tions to  literature,  and  so  forth,  were,  would  you  give  $2,000,000  for 
lars  for  them  ? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  You  would? 

Colonel  Ernst.  I  would. 

Senator  Morgan.  And  yet  would  not  rely  upon  them  after  vou  got 
them? 

Colonel  Ernst.  I  would  try  to  make  some  fair  compensation  for 
what  they  cost. 

Senator  Morgan.  I  am  not  talking  about  that,  but  just  as  if  you  had 
no  idea  of  compensation  about  it  ana  were  getting  them  at  a  fair  price 
for  what  they  were  worth  to  the  incoming  Engineering  Corps  of  the 
United  States. 

Colonel  Ernst.  I  do  not  believe  you  could  have  gotten  that  infor- 
mation for  $2,000,000,  Senator. 

Senator  Morgan.  You  do  not  think  you  could  have  gotten  the 
information  that  the  French  had  there  for  $2,000,000? 

Colonel  Ernst.  No,  sir;  I  do  not  believe  you  could  have  made  all 
those  surveys  and  constiTicted  all  those  maps  for  $2,000,000,  and  of 
course  you  could  not  have  gotten  the  historv.  The  records  would  go 
back  for  twenty  or  thirtj^  years.  You  couli  not  get  that  at  all  at  an3' 
price. 

Senator  Morgan.  Is  there  much  use  for  that  history^  ? 

Colonel  Ernst.  Yes,  sir;  that  is  what  we  rely  on  to  determine  what 
the  action  of  the  Chagres  River  will  be  in  the  future. 

Senator  Morgan.  That  includes  the  measurements  of  the  flow  of 
water  in  the  river? 

Colonel  Ernst.  Yes;  the  flow  of  the  water  in  the  river  is  chang^ing 
all  the  time,  and  is  different  in  different  years,  and  we  have  a  fairly 
decent  record  of  it  now  for  about  fifty  years;  only  fair,  though.  Tf 
we  had  it  a  hundred  3'ears  back  we  would  be  a  good  deal  more  sure 
of  it. 

Senator  Morgan.  In  that  respect  I  suppose  what  the  French  wrote 
was  a  mere  account  of  the  operation  of  the  water  gauges  that  they  put 
in  the  Chagres  River  and  watched?    That  is  all? 

Colonel  Ernst.  Their  original  observations,  yes;  and  they  collected 
all  the  information  that  they  could  collect,  also. 

Senator  Morgan.  That  was  not  any  intricate  engineering  project  or 
process  ? 

Colonel  Ernst.  That  is  not  costly  except  in  the  matter  of  time.  It 
does  not  cost  much  to  make  those  observations. 

Senator  Morgan.  Is  there  any  point,  or  was  there  any  point  when 
you  went  to  survey  that  Isthmus  as  a  Commissioner  and  looked  over 
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•  what  had  been  done  or  remained  to  be  done,  in  which  you  found  that 
the  former  Commission  had  been  deficient  in  industry,  perseverance, 
knowledge,  or  fidelity  ? 

Colonel  Ernst.  No,  sir;  none  at  all. 

Senator  Morgan.  None  at  alii 

Colonel  Ernst.  No,  sir. 

Senator  Morgan.  And  you  still  do  not  know  the  reason  why  they 
were  removed? 

Colonel  Ernst.  No;  I  do  not  know  of  my  own  personal  knowledge. 
I  have  seen  everything  that  has  been  published  in  the  newspapers. 

Senator  Morgan.  The  newspapers  are  not  always  reliable  upon  such 
subjects,  are  they  'i 

Colonel  Ernst.  No;  I  may  say  that  I  do  not  know. 

Senator  Morgan.  You  may  have  formed  some  opinions,  but  you  got 
them  from  newspaper  accounts? 

Colonel  Ernst.  Exactly. 

Senator  Morgan.  Practically — looking  over  the  ground  and  survey- 
ing it  with  a  view  to  continuing  that  work  that  had  been  commenced 
there — you  found  no  deficiencies  and  no  mistakes? 

Colonel  Ernst.  Oh,  I  do  not  mean  to  say  that  I  saw  no  mistakes, 
but  no  more  than  any  man  is  liable  to  make.  Any  man  is  liable  to 
make  mistakes.  1  do  not  think  there  were  any  very  grave  mistakes 
except,  possibl}^  one.  No;  I  do  not  think  that  there  were  any  grave 
mistakes. 

Senator  Morgan.  Have  you  in  mind  any  mistake  that  you  would 
call  such  without  attributing  to  it  any  great  gravity  or  weight? 

Colonel  Ernst.  I  have  in  mind  a  mistake  which  has  had  serious 
results,  but  I  do  not  know  but  that  it  is  a  mistake  that  any  man  might 
have  fallen  into. 

Senator  Morgan.  I  would  like  you  to  mention  it. 

Colonel  Ernst.  I  think  the  conclusions  drawn  from  the  experimen- 
tal work  done  in  Culebra  was  a  mistake  that  had  bad  results. 

Senator  Morgan.  What  was  that? 
.    Colonel  Ernst.  That  you  could  take  that  material  out  for  50  cents  a 
yard. 

Senator  Morgan.  That  was  too  cheap? 

Colonel  Ernst.  Yes;  I  think  so,  decidedly. 

Senator  Morgan.  It  was  too  cheap  by  a  dollar,  was  it  not? 

Colonel  Ernst.  No,  sir;  by  30  cents,  at  least. 

Senator  Morgan.  The  first  commission  estimated  that  you  could 
take  out  that  material  through  Culebra  cut  at  30  cents? 

Colonel  Ernst.  No,  sir;  they  estimated  that  you  could  take  it  out  at 
80  cents.     You  asked  me  what  mistakes  I  noticed.     The  new  Commis- 
sion, or  at  least  the  engineering  committee  of  the  new  Commission, 
thought  they  could  take  it  out  for  50  cents. 
Senator  Morgan.  That  the  others  had  priced  it  too  high  ? 
Colonel  Ernst.  Yes;  they  thought  so. 

Senator  Morgan.  Mr.  Wallace,  who  conducted  that  work,  found 
that  he  sometimes  had  to  pay  $1.75  per  cubic  yard  for  it. 

Colonel  Ernst.  Well,  tfiat  developed  afterwards.  Mr.  Wallace 
thought  he  could  take  it  out  for  50  cents.  I  think  he  testified  that 
before  this  committee  at  the  hearing.     I  think  he  is  mistaken. 

Senator  Morgan.  What  is  the  unit  of  price  that  you  would  put  upon 
the  dry  work  to  be  done  through  from  Gamboa  to  Miraflores? 
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Colonel  Ernst.  Well,  for  that  material  in  there  it  is  about  80  cents.* 
Our  estimates  are  80  cents  for  soft  rock  in  the  dry,  $1.16  for  hard 
rock  in  the  dry,  and  then  we  had  another  estimate  of  $^.75  for  rock 
under  water.     1  think  they  were  not  far  out  of  the  way. 

Senator  Morgan.  Are  you  prepared  now  to  reconmiend  those  esti- 
mates as  being  such  as  the  Government  can  act  upon? 

Colonel  Ernst.  I  think  jou  might  reduce  the  rock-under-water 
estimate  somewhat.  That  is  the  most  unceilain  item  in  the  whole 
matter.  I  think  those  other  figures  are  about  right.  They  are  essen- 
tially what  have  been  adopted  by  this  Consulting  Board. 

Senator  Morgan.  Was  any  of  the  spoil  that  was  hauled  out  by  the 
work  done  by  the  first  Commission  left  where  it  has  to  be  worked  over 
a  second  time? 

Colonel  Ernst.  I  do  not  know  of  any  such  case  at  all. 

Senator  Morgan.  Do  you  think  any  mistake  was  made  in  selecting 
the  dumps  for  the  spoil? 

Colonel  Ernst.  No,  sir;  I  do  not  think  so. 

Senator  Morgan.  So  that  the  work  done  by  them  would  bear  sci- 
entific tests? 

Colonel  Ernst.  I  think  so. 

Senator  Morgan.  I  do  not  know  that  I  have  any  further  questions^ 
to  ask. 

Senator  Ankeny.  Colonel,  have  you  any  idea  what  area  of  land  that 
dam  in  the  lock  system  would  overflow;  that  is,  how  much  land  it 
would  destroy?  In  other  words,  how  much  damage  this  Government 
would  be  liable  for  in  the  event  that  lock  system  was  completed? 

Colonel  Ernst.  Yes;  I  have  some  idea.  I  think  it  is  106  square 
miles  that  that  large  lake  overflows  and  some  8  square  miles  for  that 
one.  This  is  the  principal  one  up  here  [indicating  on  the  map].  I 
think  58  square  miles  of  that  is  now  owned  by  the  railroad  or  the 
canal,  and  the  remainder  is  either  private  property  or  owned  by  the 
Panama  Government.  A  great  deal  of  it  is  marsh.  The  marshes  are 
shown  on  this  other  map  perhaps  better  than  they  are  on  this  one. 
There  is  a  good  deal  of  marsh  down  here  [indicating].  You  have  had 
some  extraordinary  evidence  given  before  the  committee  about  the 
yalue  of  this  land. 

Here  is  all  this  marsh  that  is  overflowed  now  [indicating  on  map]. 
So  is  this.  This  is  half  overflowed  [indicating].  But  of  course  there 
will  be  a  good  deal  of  land  flowed.  It  is  almost  uninhabited,  except 
right  along  the  line  of  the  railroad.  There  are  a  number  of  little 
villages  on  the  line  of  the  railroad,  but  I  think  nearly  all  of  that 
property  belongs  to  the  railroad.  The  estimates  that  have  been  given 
vou  of  118,000,000— and  one  man  said,  I  think,  $25,000,000— seem  to 
be  preposterous. 

Senator  Ankeny.  What  would  be  your  idea?  You  are  familiar 
with  the  whole  subject. 

Colonel  Ernst.  1  do  not  see  why  that  estimate  of  the  minority  is 
not  about  right.  They  say  $300,000.  The  Chief  Engineer,  Mr.  Ste- 
vens, looked  into  that  question,  and  independently  reached  that  same 
figure  without  knowing  at  all  how  the  other  partv  reached  it. 

Senator  Ankeny.  How  do  you  know  what  belongs  to  the  railroad 
and  what  belongs  to  the  citizens  there? 

Colonel  Ernst.  Well,  we  have  a  land  map. 

Senator  Ankeny.  Certainly;  but  what  titles? 
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Colonel  Ernst.  The  titles  are  somewhat  mixed,  I  believe. 

Senate^*  Ankeny.  You  do  not  know? 

Colonel  £rnst.  No;  1  do  not  know. 

Senator  Taliaferro.  Colonel,  do  you  know  of  any  person  in  this 
country  who  was  a  stockholder  or  a  bondholder  in  the  first  Panama 
Canal  Company — the  French  company? 

Colonel  Ernst.  No;  I  do  not. 

Senator  Taliaferro.  There  were  American  stockholders,  were 
there  not? 

Colonel  Ernst.  I  suppose  so.     I  do  not  know.    • 

Senator  Dryden.  Have  vou  an  opinion,  Colonel,  as  to  whether  this 
work  should  be  constructed  as  it  has  been  by  day  work  or  by  contract? 

Colonel  Ernst.  Oh,  I  think  clearly  that  we  ou^ht  to  let  out  con- 
tracts.    I  do  not  think  there  is  any  difference  of  opmion  about  that. 

Senator  Dryden.  Is  it  your  view  that  it  should  be  let  in  separate 
contracts  or  in  one  entire  contract? 

Colonel  Ernst.  I  should  not  undertake  to  pfive  it  in  one  entire  con- 
tract. I  would  divide  it  up  into  a  number  of  large  contracts.  I  would 
not  have  a  very  great  numoer  of  small  contracts.  I  would  have  a  lot 
of  large  conti'acts. 

Senator  Dryden.  Do  you  think  that  we  have  to-day  suflScient  infor- 
mation for  the  bases  of  specifications  for  contracting  this  work  ? 

Coloiiel  Ernst.  I  think  so,  yes;  for  most  of  it.  There  is  some 
further  information  that  would  be  desired  about  some  features  of  it. 

Senator  Dryden.  What  information,  if  any,  is  lacking  for  the  bases 
of  such  specifications? 

Colonel  Ernst.  Well,  I  should  want  some  further  examinations 
made — and  they  are  being  made,  too — about  this  overflow  of  that  spill- 
way [indicating  on  map].  This  plan  provides  for  a  spillway  through 
the  dam,  and  up  here  [indicating  on  map]  there  is  an  opportunity,  per- 
haps, for  another  spillway  entirely  detached  from  that.  There  is  some 
low  ground  in  there  [indicating  on  map.]  That  river  runs  up  here, 
and  this  runs  up  here  [indicating],  and  Mr.  Stevens  is  now  engaged  on 
that.  He  is  boring  in  there  and  examining  in  there  to  see  whether  we 
can  not  make  a  little  improvement  on  that.  So  that  we  should  want 
to  eo  into  detail  a  little  more  than  we  have. 

Senator  Dryden.  If  1  am  not  mistaken,  some  of  the  engineers  who 
have  testified  here  have  said  in  effect  that  in  constructing  this  canal 
there  ought  to  be  leeway  allowed  for  additional  light  or  new  discov- 
eries that  might  be  made  from  time  to  time  as  to  what  should  be  done. 
Do  3'ou  concur  in  that  opinion? 

dolonel  Ernst.  I  do;  yes,  sir. 

Senator  Dryden.  Then,  would  it  not  result  if  that  is  so  in  rendering 
it  necessary  to  make  new  arrangements  to  some  extent  with  the  con- 
tractors after  the  work  had  been  undertaken  ? 

Colonel  Ernst.  If  you  let  out  one  contract  for  the  whole  job  it 
would;  yes.  I  would  not  do  it  that  way.  I  would  let  out  a  contract 
for,  we  will  say,  one  set  of  these  locks,  and  another  contract  for 
another  set  of  locks,  -and  I  would  let  out  a  contract  for  dredging  the 
coastal  plane  from  Limon  Bay  up  to  Gatun.  That  is  one  class  of  work 
separate  entirely  from  lock  construction.  I  would  let  out  another 
contract  over  at  the  other  end  if  we  should  put  that  lock  at  Miraflores 
as  the  Secretary  of  War  recommended,  and  so  on.     You  could  divide 
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that  work  up  into — oh,  I  do  not  know  how  many,  but  I  suppose  a 
dozen  large  contracts.     Each  in  itself  would  be  a  very  large  contract. 

Senator  Drydbn.  If  you  did  tJiat,  how  would  you  protect  the  Gov- 
ernment against  the  delays,  the  expense,  and  other  disadvantages  that 
might  arise  from  the  clash  of  the  contractors. 

Colonel  Ernst.  I  do  not  know 

Senator  Dryden  (continuing).  As  to  where  the  authority  and  rights 
of  one  began  and  the  other  ended? 

Colonel  Ernst.  That  would  have  to  be  definitely  known,  of  course. 

Senator  Dryden.*  You  can  see  that  difficulty  can  you  not? 

Colonel  Ernst.  Yes;  it  is  a  thing  that  has  to  be  guarded  against,  of 
course. 

Senator  Dryden.  Do  you  think  that  you  could  prepare  specifica- 
tions of  such  a  general  character  that  tney  would  sufficiently  guard 
the  interests  of  the  Government  and  yet  when  they  came  to  be  applied 
in  details  would  be  sufficient  to  hold  the  contractor? 

Colonel  Ernst.  Well,  I  should  hope  so.  I  think  it  would  be  possi- 
ble; yes,  sir. 

Senator  Morgan.  If  he  had  a  pretty  large  deposit  or  bond  put  up 
as  a  guarantee  for  good  behavior — you  would  have  that  much,  woula 
you  not? 

Colonel  Ernst.  Yes,  sir.  Of  course  there  is  going  to  be  great  diffi- 
culty in  dividing  up  the  facilities  that  we  have  there— the  railroad  and 
the  wharves  and  all  that  sort  of  thing;  but  I  think  it  could  be  handled. 

Senator  Dryden.  In  an  ordinary  commercial  enterprise,  where  the 
work  is  done  by  contract,  you  are  quite  aware,  no  doubt,  that  almost 
invariably  there  are  alterations  as  the  work  progresses? 

Colonel  Ernst.  Oh,  yes. 

Senator  Dryden.  Changes  in  the  plans,  and  consequently  in  the 
specifications,  which  involve  new  arrangements,  reari-angements  with 
the  contractor? 

Colonel  Ernst.  Certainly. 

Senator  Dryden.  And  the  contractor  generally  has  the  owner  at  a 
disadvantage  in  those  matters.  Now,  m  a  big  work  of  this  kind, 
could  the  Grovernment  be  amply  and  sufficiently  protected  against  any 
imposition  on  the  part  of  the  contractors? 

Colonel  Ernst.  I  should  think  so.     It  seems  to  me  it  is  possible. 

Senator  Dryden.  Of  course  3'^ou  recognize  that  that  would  be  a 
very  important  matter? 

Colonel  Ernst.  A  very  important  matter. 

Senator  Dryden.  It  might  make  a  difference  of  many  millions  of 
dollars  in  the  course  of  building  the  canal  as  to  whether  the  specifica- 
tions protected  the  Government  or  not? 

Colonel  Ernst.  Oh,  yes,  sir;  the  payments  would  probably  be  so 
much  a  cubic  j'ard  or  so  much  a  unit  of  volume,  whatever  it  may  be, 
concrete  or  whatever  it  is,  and  the  contractor  would  be  paid  for  what 
he  actually  did.  It  would  hardly  be  necessary,  I  should  tnink,  to  make 
any  such  radical  changes  as  would  change 

Senator  Morgan.  The  unit  of  value  would  account  for  all  additions 
to  the  work  that  might  be  omitted  from  the  specifications? 

(Colonel  Ernst,   i  ou  would  provide  for  that. 

Senator  Morgan.  I  say,  the  unit  of  value  would  provide  for  all 
additions  that  might  be  made  to  the  specifications? 

Colonel  Ernst.  Certainly. 
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Senator  Morgan.  And  where  changes  were  made  that  same  unit  of 
value  would  be  a  fair  test  of  the  added  cost  or  the  reduced  cost? 

Colonel  Ernst.  I  can  hardly  conceive  of  letting  the  contrac»t  before 
you  have  made  up  your  mind  about  such  general  features  as  that  that 
1  have  just  referred  to,  that  new  location  for  a  spill waj^.  That,  of 
course,  would  involve  a  great  deal  of  chang:e  in  the  unit  price.  If 
you  get  your  material  out  at  that  place,  it  miffht  cost  very  mfferently 
from  what  it  would  at  Gatun.  I  would  not  let  any  contract  until  I 
had  made  up  my  mind  about  such  general  features  as  that,  as  to 
whether  to  move  it  over  there  or  not.  I  do  not  see  why,  having  the 
general  outline  fixed  with  a  reasonable  degree  of  closeness 

Senator  Morgan.  I  will  ask  you  the  question  whether,  in  your 
opinion,  work  to  be  done  bv  the  Government  in  building  this  great 
structure  would  not,  as  a  rule,  be  more  expensive  and  more  wasteful 
and  harder  to  direct  than  if  it  was  done  by  contract? 

Colonel  Ernst.  Oh,  1  think  that  there  are  very  great  advantages  in 
doing  it  by  contract.  You  not  only  have  a  very  close  figure,  but  you 
have  the  advantage  of  bringing  in  the  contractor's  elientlle,  his  crowd, 
his  people.  The  Goverment  never  could  get  them  in  any  other  way 
at  all.  Nearl}'^  all  of  these  contractors  have  a  set  of  men  that  they 
know,  and  who  know  them,  and  who  have  been  working  for  them  all 
their  lives.  They  would  bring  them  right  into  the  Government  serv- 
ice, and  the  Government  can  not  get  them  in  any  other  way.  1  think 
there  are  great  advantages  in  letting  out  contracts.  I  do  not  see  any 
reason  why  a  Government  oflScer  in  a  work  on  a  moderate  scale  would 
not  do  it  as  well  as  anybody  else,  but  he  has  not  got  the  people  to 
carry  on  a  work  of  this  magnitude. 

Senator  Morgan.  The  work  done  up  to  date  by  the  Government 
has  been  pretty  expensive? 

Colonel  Ernst.  Some  of  it  has  been;  and  some  of  it  has  been  very 
economical. 

Senator  Dryden.  In  a  contract,'  of  course  you  could  bind  the  con- 
tractor as  to  the  quality  of  w^ork,  as  to  the  cost  of  the  work,  founded 
upon  some  unit  price,  and  also  as  to  the  time  of  completion  ? 

Colonel  Ernst.  Yes,  sir. 

Senator  Dryden.  That,  of  course,  would  be  a  great  advantage. 

Senator  Morgan.  You  can  control  the  time  by  contract. 

Senator  Kittredge.  Why  do  you  regard  it  as  advisable  to  seek 
another  location  for  a  spillway  ? 

Colonel  Ernst.  I  am  not  sure  that  it  is  advisable  to  do  it,  but  we 
want  to  look  into  that. 

Senator  Kittredge.  Where  is  the  spillway  located  under  the  pres- 
ent plan  ? 

Colonel  Ernst.  In  that  hill  between  the  two  branches  of  the  dam. 
The  dam  crosses  two  gulches,  you  know. 

Senator  Kittredge.  Is  it  in  the  hill? 

Colonel  Ernst.  Yes,  sir. 

Senator  Morgan.  It  is  cut  right  through  the  hill. 

Senator  Kittredge.  In  what  way  is  it  connected  with  the  Gatun 
dam? 

Colonel  Ernst.  Well,  the  Gatun  dam  consists  of  two  parts,  you  mav 
say,  one  on  each  side  of  this  hill,  and  this  spillway  is  cut  right  through 
the  natural  ground  of  the  hill. 

Senator  Kittredge.  And  what  is  the  size  of  the  hill  downstream? 
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Colonel  Ernst.  I  do  not  think  I  quite  understand  the  question. 

Senator  Kittredge.  What  is  the  width  of  the  hill  downstream'^ 

Colonel  Ernst.  It  depends  entirely  on  where  you  take  it. 

Senator  Kittredge.  Where  the  spillway  is. 

Colonel  Erkst.  Well,  the  width  of  the  hill  would  depend  on  where 
you  take  it.     At  the  crest  it  is  nothing. 

Senator  Kittredge.  How  did  you  take  it  when  you  located  the 
spillway  ? 

Colonel  Ernst.  I  did  not  locate  it.  I  can  not  answer  that  question, 
Senator. 

Senator  Kitiredge.  Do  vou  not  know  where,  with  reference  to  the 
hill,  the  spillway  is  located? 

Colonel  Ernst.  Bight  in  the  middle  of  the  hill.  Bight  through  the 
hill. 

Senator  Kittredge.  What  is  the  length  through  the  hill,  down- 
stream? 

Colonel  Ernst.  Measured  on  the  spillway? 

Senator  Kittredge.  Yes. 

Colonel  Ernst,  I  do  not  know.  I  shall  have  to  refer  to  drawings 
for  that. 

Senator  Kittredge.  Can  you  ascertain  it  handily? 

Colonel  Ernst.  I  do  not  know  whether  it  is  shown  in  these  maps  or 
not.  Of  course  the  thickness  of  the  hill  depends  upon  what  level  you 
take  it  at.     The  hill  is  a  cone,  changing  its  dimensions  at  every  height 

Senator  Kittredge.  The  spillway  is  near  the  top  of  the  water  level. 

Senator  Morgan.  That  would  be  about  80  feet,  then? 

Senator  Kittredge.  About.  As  I  recollect,  that  is  the  height  of 
it.  1  want  to  know  what  distance  you  travel  before  you  run  out  of 
the  hill? 

Colonel  Ernst.  The  bottom  of  that  spillway  is  at  an  elevation  of  70 
feet.  The  thickness  of  the  hill  at  elevation  70  would  be  an  answer  to 
your  question,  would  it? 

Senator  Kittredge.  Is  that  the  height  of  the  spillway? 

Colonel  Ernst.  Yes;  the  bottom  of  it.  The  spillway  has  a  lip  over 
which  the  water  flows,  and  there  are  gates  sliding  up  and  down  above 
it 

Senator  Kittredge.  I  understand  what  a  spillway  is. 

Colonel  Ernst.  The  height  of  this  lip  is  70  feet. 

Senator  Morgan.  That  would  make  the  water  15  feet  deep  on  the 
spillway. 

Colonel  Ernst.  It  is  closed  bv  gates  which  slide  up  and  down  and 
enlarge  or  diminish  the  si^e  of  the  opening.  The  bottom  of  that  is  at 
an  elevation  of  70  feet.  The  thickness  of  the  hill  at  70  feet  is,  as  nearly 
as  I  can  make  it  out,  here  on  this  map,  100  feet. 

Senator  Kittredge.  One  hundred  feet  through  the  hill? 

Colonel  Ernst.  Yes;  at  that  level. 

Senator  Kittredge.  Then  how  is  the  spillway  constructed  after  you 
leave  the  hill  i 

Colonel  Ernst.  Oh,  it  is  sunk  clear  down  into  the  hill.     I  thought 

?ou  asked  me  the  thickness  of  the  hill  at  the  crest  of  the  spillwaj^. 
erhaps  I  can  show  you  better  on  this  section.  That  is  the  form  of  it 
[indicating  on  section].  This  is  earth;  this  is  concrete.  There  is  the 
crest  of  the  spillwav,  right  there  [indicating],  and  above  it  are  these 
sliding  gates;  and  the  thickness  of  the  hill  at  that  level  is  100  feet 
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Senator  KiTTRfiDOE.  How  do  you  control  the  water  in  the  spillway 
after  it  passes  the  hill? 

Colonel  Ernst.  It  flows  down  over  here  [indicating  on  section]. 

Senator  Kittredge.  In  what  sort  of  a  structure? 

Colonel  Ernst.  This  is  concrete — all  masonry.  It  spills  over  into 
a  triangular-shaped  basin,  like  that,  and  slides  down  and  is  collected 
and  carried  off  through  a  channel  into  the  Chagres  River. 

Senator  Kittredge.  What  sort  of  a  basin  do  you  have  there? 

Colonel  Ernst.  Concrete;  artificial  stone. 

Senator  Kittredge.  How  far  is  that  basin  within  the  limits  of  the 
dam  up  and  down  stream  ? 

Colonel  Ernst.  It  does  not  come  in  the  dam  at  all,  Senator;  it  is  in 
this  hill.    There  is  the  outline  of  it,  there  [indicating  on  map]. 

Senator  Kittredge.  Back  of  the  hill,  then  ? 

Colonel  Ernst.  It  is  right  through  the  hill. 

Senator  Kittredge.  Downstream  from  the  hill  the  two  wings  of 
the  dam  do  not  touch;  is  that  it? 

Colonel  Ernst.  That  is  it. 

Senator  Kittredge.  How  for  apart  are  they? 

Colonel  Ernst.  They  are  represented  right  here  [indicating  on 
map].  There  is  the  hill;  here  is  the  dam,  and  on  this  side  that  slopes 
down  here  and  slopes  that  way  and  this  way  [indicating  on  map]. 

Senator  Kittredge..  In  what  manner  is  the  water  kept  from  the 
sides  of  the  dam  after  leaving  the  hill  structure? 

Colonel  Ernst.  It  is  carried  off  in  a  masonry  conduit. 

Senator  Kittredge.  To  what  distance  is  it  constructed  of  masonry? 

Colonel  Ernst.  That  would  depend  on  the  site.  That  is  shown  here. 
I  should  say  several  thousand  feet.  It  is  not  defined.  That  will 
depend  entirely  on  the  necessities  of  the  case  at  the  time  of  construction. 

senator  Bjttredge.  Have  not  plans  been  worked  out  for  that? 

Colonel  Ernst.  Not  in  any  more  detail  than  this.  This  is  all  that  I 
have,  what  was  furnished  by  the  consulting  board. 

Senator  Morgan.  One  question  about  that  hill.  That  is  a  sort  of 
sugar-loaf  elevation,  is  it  not? 

Colonel  Ernst,    i  es,  sir. 

Senator  Morgan.  Do  those  things  occur  frequently  in  the  coastal 
plane  of  Panama  down  there,  those  uplifts,  or  sugar-loaf  hills? 

Colonel  Ernst.  Yes,  sir;  there  are  a  good  many  of  them  around 
there. 

Senator  Morgan.  They  are  isolated — not  connected  together  by 
ridges? 

Colonel  Ernst.  Not  necessarily;  no. 

Senator  Morgan.  Are  they  of  volcanic  origin? 

Colonel  Ernst.  I  presume  so,  originally. 

Senator  Morgan.  They  were  thrown  up  at  different  places  along  on 
that  coastal  plane  bv  volcanic  action  ? 

Colonel  Ernst.  'That  I  do  not  know,  Senator,  whether  they  were  or 
not. 

Senator  Morgan.  Have  you  ever  dug  into  one  of  them  or  had  them 
examined  to  see  what  their  structure  was — whether  it  was  rock? 

Colonel  Ernst.  Only  these  borings.  They  have  gone  into  a  great 
many  of  them  and  they  find  them  to  be  what  they  have  nicknamed 
indurated  clay,  which  does  not  seem  to  be  a  very  good  name. 
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Senator  Morgan.  That  means  volcanic  ash  lifted  up  and  com' 
pressed  afterwards  until  it  was  united  into  hard  material  ? 

Colonel  Ernst.  I  really  do  not  know. 

Senator  Ankent.  You  said  that  you  preferred  the  small  contracts; 
that  you  thought  they  were  preferable.  What  is  your  objection  to 
letting  it  in  one  contract,  if  you  could  find  a  person  who  would  take  it? 

Colonel  Ernst.  I  can  not  see  any  way  that  you  can  get  any  compe- 
tition in  letting  such  a  contract  as  that. 

Senator  Ankeny.  If  that  were  possible  and  such  a  contract  could  be 
made,  one  contract  for  the  greater  portion  of  the  work,  say  east  or 
west  of  that  big  cut,  what  is  your  objection  to  letting  it  in  one  big  con- 
tract? You  say  that  there  would  oe  confusion  and  embarrassment 
with  small  contractors;  might  not  that  be  obviated  by  letting  the  work 
to  a  greater  contractor?  xou  have  given  your  objections  without 
telling  us  the  remedy. 

Colonel  Ernst.  I  do  not  think  I  gave  that  as  an  objection,  Senator. 
I  simply  said  it  was  one  of  the  difficulties.  I  think  I  said  distinctly 
that  tnat  is  what  I  would  do. 

Senator  Ankeny.  Let  it  in  small  contracts? 

Colonel  Ernst.  Yes,  sir;  not  in  small  contracts,  but  a  number  of 
contracts. 

Senator  Ankeny.  Twelve  or  more,  you  said? 

Colonel  Ernst.  Something  like  that. 

Senator  Ankeny.  Why  do  you  object  to  a  large  one? 

Colonel  Ernst.  I  should  anticipate  very  great  difficulty  in  letting 
any  such  contract  as  that.  I  do  not  see  exactly  where  you  would  get 
any  competition.  1  do  not  see  but  what  you  would  have  to  bind  your- 
selves completely  in  advance  as  to  every  detail. 

Senator  Ankeny.  There  is  the  same  objection  to  a  small  contract, 
is  there  not? 

Colonel  Ernst.  Not  to  so  great  an  extent.  Those  are  my  principal 
objections.  I  should  think  a  contract  like  that,  left  to  any  syndicate, 
would  be  putting  immense  power  into  the  hands  of  somebody  that  was 
not  in  the  interest  of  the  United  States. 

Senator  Ankeny.  That  is  your  objection  to  letting  it  in  large  con- 
tracts? 

Colonel  Ernst.  In  one  single  contract,  ves. 

The  Chairman.  I  believe  that  is  all,  Colonel  Ernst,  and  we  are  very 
much  obliged  to  you,  sir. 

(The  committee  thereupon  adjourned  until  to-morrow,  Tuesday, 
March  27,  1906,  at  10.30  oVlock  a.  m.) 
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The  Chairman.  Please  give  your  full  name  and  residence,  General. 

General  Hains.  Peter  C.  Hains;  Washington,  D.  C. 

The  Chairman.  And  vour  military  position,  and  your  present  duties  ? 

General  Hains.  At  the  present  time  I  am  a  bripidier-general  of  the 
United  States  Army,  on  the  retired  list,  and  a  member  of  the  Isthmian 
Canal  Commission. 

The  Chairman,  You  are  an  army  engineer? 

General  Hains.  I  have  been  an  army  engineer  for  about  forty -two 
years.     1  am  not  an  army  engineer  now. 

The  Chairman.  You  ought  to  be  an  army  engineer  by  this  time — a 
retired  one. 

General  Hains.  No,  sir;  I  was  promoted  to  be  a  brigadier-general 
in  the  line. 

The  Chairman.  Yes? 

General  Hains.  I  was  transferred  from  the  engineers  in  April, 
1903,  to  be  a  brigadier-general  in  the  line. 

The  Chairman.  Were  you  a  member  of  the  Walker  Commission, 
the  first  Commission  ? 

General  Hains.  The  Commission  of  1899-1901;  yes,  sir. 

Senator  Morgan.  You  are  still  on  the  active  list,  I  believe? 

General  Hains.  No,  sir;  I  have  been  retired. 

The  Chairman.  You  were  a  member  of  the  committee  that  was  sent 
down  to  the  Isthmus  in  the  fall,  were  you  not;  and  you  signed  the 
minority  report? 

General  Hains.  You  mean  in  1901  ? 

The  Chairman.  No;  at  this  time;  this  report. 

General  Hains.  This  last  report? 

The  Chairman.  Yes. 

General  Hains.  Yes,  sir. 

The  Chairman.  General,  we  would  like  to  have  your  judgment  in 
regard  to  these  two  types  of  canal,  if  you  will  be  kind  enougn  to  give 
it  to  the  committee;  your  opinion  in  regard  to  the  different  types  and 
why  you  prefer  one  over  the  other. 
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General  Hains.  I. have  a  memorandum  here,  Senator,  of  some  rea- 
sons why  I  prefer  the  lock  canal  to  the  sea-level  canal,  and  I  will  state 
them  briefly  and  endeavor  to  elucidate  some  of  the  points  that  were 
treated  only  in  a  brief  manner  in  our  report.  I  think  our  report  cov- 
ers nearly  everything  that  has  any -influence  with  me,  but  fliere  are 
details  about  that — that  is,  there  are  matters  in  connection  with  some 
of  the  points  that  are  not  referred  to  in  detail. 

Senator  Morgan.  What  report  do  you  refer  to,  General? 

General  Hains.  I  mean  this  last  report,  submitting  the  two  reports 
of  the  Consulting  Board. 

Senator  Morgan.  Of  the  Consulting  Board? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  You  were  with  the  minority  on  that  report? 

General  Hains.  Yes,  sir.  Before  doing  that  I  would  like  to  make 
one  statement  in  regard  to  Professor  Burr's  testimony.  General 
Ernst  referred  to  it  yesterday.  Professor  Burr  states  that  the  recom- 
mendation made  by  the  Isthmian  Canal  Commission  of  1901  was 
largely  for  the  tentative  purpose  of  making  a  comparison  between  the 
Nicaragua  and  the  Panama  routes.  Of  course  1  do  not  know  anything 
about  what  controlled  Professor  Burr,  whether  he  regarde<l  our  project 
as  tentative  or  not,  but  I  did  not  regard  it  as  tentative. 

Senator  Morgan.  You  speak  now  of  the  project  for  a  dam  at  Bohio? 

General  Hains.  Y'es,  sir;  the  project  that  was  submitted  by  the 
Commission  of  1901. 

Senator  Morgan.  Yes;  that  is  the  Commission  of  exploration  and 
examination  ? 

General  Hajns.  Yes,  sir;  what  you  call  the  Commission  of  explora- 
tion; and  we  state  in  our  report  the  reason  why  we  rejected  the  sea- 
level  canal,  and  we  state  it  in  this  way,  on  page  88  of  that  report: 
''That  this  Commission  concurs  with  the  various  French  commissions 
which  have  preceded  it  since  the  failure  of  the  old  company  in  reject- 
ing the  sea-level  plan,  and  while  such  a  plan  would  be  pnysically  prac- 
ticable, and  might  be  adopted  if  no  other  solution  were  available,  the 
difficulties  of  au  kinds,  and  especially  those  of  time  and  cost,  would  be 
so  great  that  a  canal  with  a  summit  level  reached  by  locks  is  to  be 
preferred." 

That  was  my  opinion  at  that  time,  ancl  I  supposed  that  that  was 
practically  the  opmion  of  all  the  others,  because  we  all  signed  it. 

Senator  Morgan.  That  is  your  opinion  yet? 

General  Hains.  That  is  my  opinion  still. 

Senator  Kittredge.  Rigfit  at  that  point.  General:  The  plans  of 
the  old  French  company  were  for  a  sea-level  canal? 

General  Hains.  Yes,  sir.     You  mean  the  first  company? 

Senator  Kittredge.  I  mean  the  old  De  Lesseps  company. 

General  Hains.  Yes,  sir. 

Senator  Kittredge.  And  when  was  the  change  made? 

General  Hains.  The  change  was  made  after  the  failure  of  the 
De  Lesseps  company  to  complete  that  canal. 

Senator  Kittredge.  And  the  organization  of  what  is  known  as  the 
New  Panama  Canal  Company  ? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  No;  I  beg  to  call  attention  to  the  fact  that  the 
change  was  made  while  the  receiver  of  the  old  company  had  charge  of 
it  and  before  the  new  company  was  organized. 
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General  Hains.  Yes;  the  first  commission  or  board  was  what  was 
called  the  Comity  d'Etudes. 

Senator  Morgan.  That  was  organized  by  the  receiver? 

General  Hains.  By  the  receiver. 

Senator  Morgan.  And  they  recommended  the  change? 

General  Hains.  Thej^  recommended  a  lock  canal. 

Senator  Kittredge.  Why  did  they  do  that,  General? 

General  Hains.  I  think  it  is  pretty  hard  to  say  what  all  of  them 
may  have  had  in  their  minds,  and  I  do  not  know  tfiat  I  can  answer  for 
any  of  them. 

Senator  Kittredge.  Was  not  the  reason  the  fact  that  they  became 
short  of  money  i 

General  Hains.  1  think,  perhaps,  that  was  one  reason. 

Senator  Kittredge.  Was  not  that  the  reason,  and  does  it  not  so 
appear  of  record  ? 

General  Hains.  No,  sir;  not  according  to  my  understanding. 

Senator  Kittredge.  What  is  your  understanding  of  the  situation? 

General  Hains.  My  understanding  was  that  they  found  that  they 
had  a  more  difficult  problem  before  them,  and  they  learned  more 
about  it,  and  it  was  advisable  not  to  try  to  carry  it  on  because  it  was 
going  to  cost  too  much  for  any  private* corj)oration  to  complete. 

Senator  Kittredge.  Then,  it  was  a  question  of  cost  ? 

General  Hains.  Partially. 

Senator  Kittredge.  Rather  than  of  feasibility  ? 

General  Hains.  Well,  no;  1  can  not  say  that.  I  do  not  know  what 
they  had  in  their  minds,  but  the  question  of  cost  doubtless  was  one  of 
the  reasons. 

Senator  Kittredge.  Was  it  not  the  reason  ? 

General  Hains.  I  do  not  understand  that  it  was  the  only  reason. 

Senator  Taliaferro.  Were  not  the  questions  of  cost  and  of  time  the 
reasons  that  influenced  you  to  prefer  the  high-level  canal? 

General  Hains.  Not  entirely.     Those  are  two  principal  reasons. 

Senator  Kittredge.  The  controlling  reasons? 

General  Hains.  They  are  the  strongest  reasons. 

Senator  Kittredge.  Are  they  controlling? 

General  Hains.  No,  sir;  they  are  not  controlling;  that  is,  they  do 
not  control  it  alone.     There  are  other  strong  reasons. 

Senator  Morgan.  General,  you  have  examined  these  maps  that  we 
took  over  from  the  French  Canal  Company  ? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  Have  you  found  among  those,  from  the  beginning 
of  the  first  operations  upon  the  canal,  any  actual  survey  accompanied 
with  borings  that  would  take  the  work  down  to  a  sea-level  canal  ? 

General  Hains.  Among  those? 

Senator  Morgan.  Yes;  actual  surveys  with  borings?  , 

General  Hains.  They  had  a  number  of  borings.  Senator,  that  went 
down  as  deep  as  would  be  necessary  for  a  sea-level  canal,  but  not  many. 

Senator  Morgan.  As  deep  as  would  be  necessary  for  a  sea-level 
canal  down  to  the  bottom  of  the  canal  prism  ? 

General  Hains.  I  do  not  think  they  had  enough  to  base  a  project  on. 

Senator  Morgan.  Did  De  Lesseps  while  he  was  in  charge  of  that 
work  ever  have  a  complete  or  sufficient  instrumental  survey  with  bor- 
ings for  the  purpose  of  determining  the  practicability  or  the  cost  of  a 
sea-level  canal? 
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General  Hains.  When  they  started  on  the  work  there  they  did  not. 

Senator  Morgan.  Very  good.  When  was  the  first  approximation 
to  such  a  thing  as  that  attempted  by  the  French  engineers? 

General  Hains.  During  the  time  the  French  were  at  work  they 
began  surveys. 

Senator  Morgan.  Yes. 

General  Hains.  And  they  continued  them  clear  up  to  the  time  of 
the  report,  or  somewhat  near  the  time  of  the  report  of  the  technical 
committee  in  1898. 

Senator  Morgan.  They  began  the  suryey  and  the  work  at  the  same 
time? 

General  Hains.  Yes,  sir;  I  think  so. 

Senator  Morgan.  The  suryey  did  not  precede  the  works? 

General  Hains.  Well,  they  made  examinations. 

Senator  Morgan.  I  know,  they  made  examinations,  but  I  am  talk- 
ing about  a  thorough  survey  of  location,  cost,  dimensions,  and  all  that. 

General  Hains.  A  thorough  suryey  was  not  made  until  afterwards. 

Senator  Morgan.  Was  a  thorough  suryey  made  while  the  receiyer 
had  the  property  in  charge,  and  before  the  organization  of  the  New 
Panama  Canal  Company? 

General  Hains.  I  can  not  answer  that  question  positively,  from  my 
own  knowledge,  but  1  do  not  think  they  ever  had  sufficient  surveys 
then. 

Senator  Morgan.  It  was  upon  what  was  known  by  the  engineers 
and  renorted  by  the  engineers  that  the  Comit^  d'Etudes  predicated 
their  aecision  under  the  auspices  or  authority  of  the  receiyer.  The 
Comity  d'Etudes  did  not  make  any  surveys  themselyes? 

General  Hains.  I  am  not  sure  whether  they  made  any  suryeys  or 
not. 

Senator  Morgan.  I  think  1  can  assure  you  that  there  is  no  evidence 
that  they  ever  did. 

General  Hains.  Yes. 

Senator  Morgan.  If  that  is  so,  then  up  to  the  time  that  this  Comity 
d'Etudes  made  their  recommendation  in  favor  of  a  lock  canal  the  sea- 
level  plan  had  never  been  worked  out  or  projected  as  an  engineering 
scheme  upon  a  working  scale? 

General  Hains.  Wen,  I  can  not  say  that  exactly.  Senator.  That 
may  be  so. 

Senator  Morgan.  When  the  New  Panama  Canal  Company  came  in 
did  they  attempt  even  to  make  a  survey  for  a  sea-level  canal? 

General  Hains.  I  do  not  think  they  did. '  They  decided  to  build  a 
canal  with  locks. 

Senator  Morgan.  They  adopted  the  recommendation  of  the  Comite 
d'Etudes,  and  went  on  to  work  it  out? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  And  the  Comite  d'Etudes  had  projected  a  lock- 
level  canal — a  level  at  what  height  above  the  level  of  the  sea? 

General  Hains.  They  considered  several  leyels.  I  do  not  remem- 
ber now. 

Senator  Morgan.  It  was  90  feet  or  95  feet,  or  something  like  that? 

General  Hains.  I  do  not  remember. 

Senator  Morgan.  It  was  a  high  level  ? 

General  Hains.  They  considered  various  leyels. 
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Senator  Morgan.  It  was  a  hig'h  level,  one  of  the  highest  proposed 
by  anybody  except  Bunau-VariJla. 

In  regard  to  surveying  there  and  examining  this  matter  under  the 
explorauon  commission,  then,  you  took,  necessarily,  the  French  surveys 
as  the  basis  of  your  calculations*  You  did  not  have  time  to  make  any 
extended  .surveys  ? 

General  Hains.  You  say  the  first  surveys.  We  took  all  the  surveys 
that  the  French  had  made. 

Senator  Morgan.  I  say  you  took  all  that  the}'  had  made. 

General  Hains.  Yes,  sir. 

Senator  Morgan.  But  you  predicated  your  conclusions  very  largely 
and  almost  entirely  upon  French  surveys,  first  and  last'f 

General  Hains.  Yes,  sir. 

Senator  Morgan.  Then  you  added  to  that  some  borings  at  Bohio 
and  some  at  Gatun  ? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  But  you  did  not  undeilake  to  bore  out  the  axis 
of  the  canal  across  to  Panama? 

General  Hains.  No,  sir. 

Senator  Morgan.  That  was  the  situation  in  which  the  engineering 
stood  at  the  time  the  committee  of  exploration  under  Walker  examined 
and  made  their  report  to  the  President. 

I  merely  wantea  to  bring  those  facts  out,  so  that  we  could  get  the 
historical  connection  between  the  surveys. 

Senator  Dryden.  Is  that  all  that  you  wish  to  ask,  Senator? 

Senator  Morgan.  That  is  all  that  I  wanted  to  ask  the  General  now. 

Senator  Dryden.  I  wanted  to  ask  you  a  question.  Referring  back 
to  your  testimony  of  a  few  moments  ago,  you  stated  in  effect  that 
while  you  deemed  the  items  of  cost  and  time  which  would  be  involved 
in  the  constniction  of  a  sea-level  canal  as  of  importance,  yet  they  were 
not  controlling  in  your  mind  in  leading  you  to  the  selection  of  the  lock 
canal.  Will  3^ou  state  what  other  reasons  there  were  besides  those  of 
length  of  time  and  cost  which  led  you  to  recommend  a  lock  canal  ? 

General  Hains.  The  engineering  difficulties,  partly;  and  the  fact 
that  I  do  not  think  the  sea-level  canal  recommenaed  by  the  consulting 
board  is  as  good  a  canal  as  the  other  one. 

Senator  Dryden.  Do  you  mean  by  that  to  state  that  if  the  two  types 
of  canal  cost  the  same  amount  of  money  and  would  consume  the  same 
amount  of  time  in  construction  you  would  still  prefer  the  lock  canal? 

General  Hains.  Well,  I  think  I  would  still  prefer  the  lock  canal, 
even  though  the  cost  was  about  the  same. 

Senator  Dryden.  What  other  element  or  what  other  features 
would  be  involved,  in  your  mind,  in  favor  of  the  lock  canal? 

General  Hains.  Well,  Senator,  there  are  various  things,  and  I  think 
if  you  will  allow  me  to  state  them  in  the  sequence  in  which  I  have 
them  here  perhaps  I  shall  bring  them  out  clearly  to  you. 

Senator  Dryden.  In  your  own  way,  certainly. 

Senator  Morgan.  That  question  now  brings  out  all  the  statements 
that  be  wishes  to  make. 

The  Chairman.  You  have  a  statement  prepared,  have  you.  General? 

General  Hains.  No,  sir;  I  have  not  a  statement.  I  have  merely  some 
notes  here. 

The  Chairman.  I  think  it  would  be  well  under  the  circumstances, 
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to  let  the  General  go  ahead  with  his  statement,  and  when  he  gets 
through  we  can  question  him. 

Senator  Drtden.  Certainly. 

General  Hains.  I  have  made  some  notes  here  of  points  that  I  wish 
to  bring  to  the  attention  of  the  committee. 

The  Chairman.  Yes.  Proceed  and  make  your  statement  as  you  have 
it  in  your  mind,  and  the  members  of  the  committee  will  then  ask  j'ou 
a  few  questions  later  on. 

General  Hains.  In  respect  to  the  time:  The  part  of  the  work  that 
determines  the  time  needed  to  construct  the  Panama  Canal  is  the  Cule- 
bra  cut.  This  cut  has  a  length  of  13  kilometers  (eaual  to  about 
8  miles),  and  the  amount  of  material  to  be  excavated  from  it  for 
the  sea-level  plan  is,  according  to  the  estimates  based  on  the  plans  and 
sections  of  the  advisory  board,  about  110,000,000  cubic  yards. 

Senator  Morgai^.  Let  me  ask  you,  right  there:  Between  what  points 
do  vou  locate  what  you  call  the  Culebra  cut? 

(jreneral  Hains.  It  is  near  Obispo;  just  above  ObisjK).  It  Is  along 
about  here  [indicating  on  map],  right  near  Obispo.     It  is  about  8  miles. 

Senator  Morgan.  To  Miraflores  J 

General  Hains.  Not  as  far  as  Mimflores,  but  about  to  Pedro  Miguel. 
There  is  8  miles  [indicating  on  map],  and  it  is  just  about  that  distance. 
I  could  show  you  better  from  the  profile. 

Senator  Morgan.  I  do  not  care  for  the  exact  figures,  but  speaking 
generally  it  is  between  Obispo  and  Pedro  Miguel  i 

General  Hains.  Yes,  sir.  Of  this  amount  of  110,000,000  cubic 
yards,  77,000,000  cubic  yards  is  classed  as  rock,  and  of  this  rock  more 
than  15,000,000  cubic  vards  is  below  the  level  of  high  tide  in  the  Pacific 
Ocean.  The  depth  of  the  cut  from  the  natural  surface  on  the  axis  of 
the  canal  is  about  374  feet  and  the  line  of  intersection  of  the  slope  of 
the  cut  with  the  slope  of  the  ground  at  the  highest  point  is  over  600 
feet.  That  would  be  about  in  here  [indicating  on  map].  The  old  land 
came  about  like  that  [indicating]. 

Senator  Morgan.  Do  you  mean  as  it  is  now,  or  as  it  will  1>b? 

General  Hains.  No,  sir;  I  mean  originally. 

Senator  Morgan.  You  mean,  down  to  the  bottom  of  the  canal? 

General  Hains.  1  mean  the  depth  down  to  the  level  of  the  water 
would  have  been  370  feet. 

Senator  Morgan.  The  ocean  level '( 

General  Hains.  Yes.  sir. 

Senator  Morgan.  Tnen  the  canal  would  be  40  feet  deeper  than  that^ 
if  it  was  constructed  on  the  plan? 

General  Hains.  Yes,  sir.  And  the  line  of  intersection  of  the  slope 
of  the  cut  with  the  slope  of  the  ground  at  the  highest  point  is  over 
600  feet.  A  cut  of  this  magnitude  is  without  precedent.  Nothing- 
like  it  has  ever  been  done,  and  that  is  another  reason  that  led  me  to 
favor  the  lock  canal. 

Senator  Morgan.  Do  you  mean  the  slope  would  be  over  600  feet 
long? 

General  Hains.  Yes,  sir. 

Senator  Kittredge.  Is  that  the  engineering  difficulty  that  you  men- 
tioned? 

Genei-al  Hains.  That  is  one.  If  the  material  were  equally  distrib- 
uted along  the  entire  length  of  the  cut  the  task  of  removing  it,  within 
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such  limits  of  time  and  cost  as  will  meet  the  reasonable  expectations 
of  the  country,  would  be  formidable. 

Senator  Morgan.  Right  there  let  me  ask  you:  You  measure  that 
slope  at  600  feet;  do  you  mean  that  takes  it  down  to  sea  level,  or  below 
sea  level? 

General  Hains.  That  takes  it  down  to  sea  level. 

Senator  Morgan.  It  would  be  640  feet,  then,  to  the  bottom  of  the 
canal,  if  the  canal  was  40  feet  deep? 

General  Hains.  Yes,  sir;  it  is  about  that.  It  is  not  exactly  that. 
You  can  not  tell  iust  exactly  where  that  land  comes  in.  It  is,  you 
might  say,  somewnere  about  600  feet. 

Senator  Morgan,  That  is  an  estimate? 

General  Bains.  Yes,  sir. 

Nearly  one-third  of  the  entire  amount,  viz.,  about  32,000,000  cubic 
yards,  is  concentrated  within  the  length  of  2  kilometers,  about  li 
miles.  The  concentration  of  so  much  excavation  within  this  limited 
space  renders  it  impracticable  to  attack  it  simultaneously  from  many 
points.  As  a  consequence,  the  time  needed  to  complete  this  particu- 
lar portion  determines  the  time  for  completing  the  whole. 

It  is  generally  conceded  that  the  surest  and  best  method  of  excavat- 
ing the  (^ulebra  Cut  is  by  means  of  steam  shovels  or  excavators,  work- 
ing, whenever  practicable,  in  the  dry  and  loading  the  spoils  into  cars, 
by  which  it  is  transported  to  suitable  dumping  grounds,  but  the  diffi- 
culties of  determining  the  best  arrangement  of  excavators  and  car 
tracks  for  excavating  this  part  of  the  cut,  the  uncertainty  that  any 
definite  plan  can  be  advantageously  carried  through  without  change, 
and  the  intricate  nature  of  tne  problem  itself,  have  failed  to  be  con- 
vincing when  critically  studied.  These  estimates  of  time  have  often 
been  little  better  than  the  offhand  opinions  of  experts  who  are  familiar 
with  that  class  of  work,  but  who  have  not  formulated  a  definite  project 
for  its  accomplishment.  It  is  an  intricate  problem  at  best,  not  solved 
by  multiplying  the  capacity  of  one  excavator  on  similar  work  by  the 
number  of  excavators  that  it  may  be  assumed  can  be  advantageously 
einployed. 

The  number  of  steam  shovels  that  can  be  profitably  worked  simul- 
taneously on  this  section  is  limited,  the  difficulties  of  laying  tracks  so 
that  the  excavators  may  work  continuously  are  great,  the  necessity  of 
steep  grades  or  long  approaches  to  reach  the  various  elevations  com- 
plicates the  problem  oi  transportation,  the  material  in  the  higher  parts 
of  the  cut  is  such  that  it  can  net  be  excavated  in  the  wet  season  to 
advantage,  the  lack  of  dumping  grounds  in  the  vicinity,  and  the  fre- 
quent stoppage  of  work  due  to  torrential  rains  all  tend  to  render  cal- 
culations as  to  daily  or  yearly  output  uncertain.  To  some  extent  this 
is  true  of  a  cut  of  less  depth  than  that  necessary  for  a  sea-level  canal, 
but  in  a  far  less  degree. 

The  problem  of  excavating  50,000,000  cubic  yards  of  material,  all 
above  water,  is  far  less  difficult  to  solve  than  is  the  problem  of  exca- 
vating 110,000,000  cubic  yards,  much  of  it  below  water.  Whatever 
lessens  the  magnitude  of  the  work  reduces  to  a  greater  or  less  extent 
the  uncertainties  of  its  accomplishment  within  a  specified  time.  All 
the  high-level  projects  have  been  designed  with  a  special  view  to  reduc- 
ing the  magnitude  of  this  cut.  If  it  can  be  lessened  50  per  cent,  the 
task  is  not  only  rendered  less  difficult,  but  the  time  and  uncertainty  of 
its  accomplishment  are  proportionately  reduced. 
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The  excavation  of  the  15,000,000  cubic  vards  below  water  will 
require  different  treatment  from  that  above  that  level,  but  how  it  can 
best  be  done  has  never  been  definitely  determined. 

The  chief  engineer  of  the  Nouvelle  Panama  Canal  Company  formu- 
lated a  well-defined  plan  for  excavating  this  cut  for  a  canal  112  feet 
wide  on  the  bottom  and  with  a  summit  level  of  about  97  feet.  The 
amount  of  material  to  be  removed,  however,  from  the  deep  part  of 
the  cut  was  only  about  13,500,00u  cubic  yards  as  compared  with 
32,000,000  cubic  yhnis  in  the  sea-level  project. 

The  estimated  time  for  making  it  of  these  reduced  dimensions  was 
nine  years. 

No  one  will  question  the  engineering  ability  of  Mr.  Louis  Choron, 
the  chief  engineer  of  the  Nouvelle  Panama  Canal  Company,  who  made 
this  estimate  of  time,  nor  will  any  reasonable  person  question  the  fact 
that  there  were  many  reasons  why  the  Nouvelle  Panama  Canal  Com- 
pany should  desire  to  make  this  estimate  as  small  as  possible  and  none 
for  making  it  large.  Mi*.  Choron's  assumed  average  output  per  steam 
excavator  per  day  of  ten  hours  for  each  working  &y  of  the  year  was 
444  cubic  yards— only  a  few  cubic  yards  less  than  the  average  on  the 
Chicago  Drainage  Canal. 

On  the  Isthmus,  the  work  being  done  most  of  the  time  under  Chief 
Engineer  Wallace,  with  nine  modern  Americab  steam  shovels,  the 
total  output  for  the  nine  shovels  between  February  1, 1905,  and  July  1, 
1905,  was  386,185  cubic  yards.  The  number  of  excavator  days  nmde 
during  this  time  was  714,  and  the  daily  average  yardage  was  541  cubic 
yards. 

On  the  Chicag^o  Drainage  Canal,  the  largest  work  of  its  kind  ever 
undertaken  in  this  country',  a  work  which  all  will  admit  was  done  rap- 
idly, economically,  and  juSiciously,  located  in  a  favorable  climate,  with 
ideal  material  to  be  excavated,  abundant  labor  of  all  kinds  available, 
located  at  the  very  threshold  of  a  base  of  operation,  its  dumping 
grounds  alongside  within  a  very  few  feet,  so  that  the  problem  of 
transportation  was  the  simplest  and  every  other  condition  favorable, 
yet  the  average  output  per  steam  shovel  on  that  work  was  675  cubic 
yards  per  shovel  per  day  of  ten  hours.  On  the  Isthmus  the  conditionv^ 
are  reversed.  Under  tne  circumstances  is  it  safe  to  assume  that  the 
output  per  shovel  on  the  Isthmus  can  be  reckoned  at  nearly  double 
what  was  accomplished  on  the  Chicago  Drainage  Canal  ? 

I  think  the  time  that  has  been  estimated  for  the  excavation  of  the 
sea-level  canal  is  very  much  underestimated. 

Senator  Morgan.  Before  you  reach  another  proposition,  1  want  to 
ask  you  one  question  that  strikes  my  mind:  I  suppose  from  the  map 
that  is  spread  out  before  us,  the  bottom  parallelogram  there  represents 
the  prism  of  the  canal  i 

General  Hains.  The  blue  one  is  the  prism  accepted  for  making  the 
estimate  for  the  sea-level  project. 

Senator  Morgan.  Yes. 

General  Hains.  The  red  one  is  the  cross-section  taken  for  estimating 
the  lock-canal  project. 

Senator  Morgan.  Yes;  the  bottom  one  represents  the  sea-level  and 
the  one  above  it  represents  the  lock  canal  ? 

General  Hains.   i  es,  sir. 

Senator  Morgan.  I  notice  that  there  is  quite  a  difference  in  what  I 
will  call  the  steepness  of  the  cuts  between  tne  two. 
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General  Hains.  Yes,  Senator;  I  will  refer  to  that  matter. 

Senator  Moroan.  You  will  refer  to  that? 

General  Hains.  YevS,  sir. 

Senator  Morgan.  Very  good.  I  will  not  ask  you  anj^  question 
about  it,  then. 

General  Hains.  The  cost  of  maintaining  that  canal,  it  seems  to  me, 
can  only  be  properly  estimated  by  considering  the  interest  on  the  extra 
amount  of  money  invested  in  the  work;  and  if  this  be  considered,  it  is 
readily  seen  that  the  cost  of  maintenance  will  be  far  less  for  the  lock 
canal  than  for  the  sea-level  canal.  That  is  another  reason  why  I  pre- 
fer the  lock  canal. 

There  are  to-day,  according  to  the  report  of  the  majority,  322  ships 
having  a  beam  of  from  65  to  85  feet. 

Senator  Morgan.  In  the  world  ? 

General  Hains.  Yes,  sir.  There  are  183  having  a  beam  of  over  70 
feet,  and  there  are  82  that  have  a  beam  of  over  75  feet.  There  are  82 
ships  afloat  now  that  have  a  beam  of  75  feet  or  upward. 

Senator  Dryden.  Those  are  ships  throughout  the  whole  world? 

General  Hains.  Yes,  sir;  throughout  the  whole  world. 

Senator  Taliaferro.  Did  you  get  the  draft  of  those  ships  that  you 
are  speaking  of  at  the  same  time? 

General  Hains.  Not  all  of  them;  no,  sir.  We  have  got  the  draft 
of  the  largest  ships.  I  can  give  you  the  dmft  of  about  ten  of  the 
largest  ships  in  the  world,  presently,  if  you  would  like  to  have  it. 

Senator  Taliaferro.  I  suppose  that  your  purpose  there  in  giving 
the  sizes  of  the  beams  of  those  ships  that  you  have  just  spoken  of  is 
to  show  the  difficulty  that  they  would  have  in  passing  each  other  in 
the  narrow  channel  of  the  sea-level  canal? 

General  Hains.  What  I  want  to  show  is  that  the  canal  is  too  narrow; 
that  the  sea-level  canal  as  proposed  by  the  majority  of  the  Consulting 
Board*  is  a  canal  that  is  too  narrow,  and  therefore  it  is  not  the  kind  of 
a  canal  that  they  seem  to  refer  to  as  being  what  was  required  by 
Congress. 

Senator  Simmons.  The  draft  is  sufficient,  General,  and  that  is  the 
reason  you  have  not  taken  into  calculation  the  draft  of  these  vessels, 
is  it  not?  < 

General  Hains.  Well,  I  have  made  a  little  sketch 

Senator  Simmons.  I  mean  the  depth  of  the  sea-level  canal  is  suffi- 
cient, and  therefore  you  have  not  taken  into  this  calculation  the  draft 
of  the  ships  i 

Senator  Taliaferro.  But,  Senator,  the  width  of  the  canal  is  very 
different  on  the  top  from  what  it  is  on  the  bottom,  and  it  only  requires 
the  deepest  draft  vessels  to  observe  the  bottom  lines  of  the  canal  in 
navigatmg  the  canal.  For  instance,  a  vessel  drawing  25  feet  of  water 
would  go  very  much  nearer  the  shore  of  the  canal  than  a  vessel  draw- 
ing 30  feet  of  water. 

General  Hains.  Oh,  yes. 

Senator  Taliaferro.  And  it  is  for  that  reason  that  I  think  the  draft 
should  go  with  the  beams  of  those  ships  in  order  to  make  your  illus- 
tration perfect. 

General  Hains.  I  will  come  to  that  presentlv,  in  referring  to  the 
depth  of  the  canal.  The  depth  of  the  lock  canal  is  5  feet  greater  than 
that  of  the  sea  level. 

Senator  Kittredge.  Where  ? 


706  INVESXtGATION   OF   PANAMA   CANAL,   MATTERS. 

General  Hains.  Throughout  its  whole  length. 

Senator  Kittbrdoe.  Is  it  5  feet  deeper  through  the  Culebra  cut's 

General  Hains.  Yes,  sir. 

Senator  Morgan.  Do  you  mean  as  a  matter  of  measurement? 

General  Hains.  I  mean  the  canal  is  due  5  feet  deeper.  The  sea- 
level  canal  is  40  feet  deep.  The  lock  canal  is  no  where  less  than  45 
feet  deep. 

Senator  Taliaferro.  Including  the  locks? 

General  Hains.  No,  sir;  between  the  looks  on  one  side  and  the  locks 
on  the  other.    The  entrances  in  both  cases  are  the  same  depths. 

Senator  Taliaferro.  What  is  the  width  of  the  sea-level  canal  on 
the  top? 

General  Hains.  At  what  point?     It  all  depends  on  the  place. 

Senator  Taliaferro.  At  that  part  of  the  canal  where  it  is  150  feet 
at  the  bottom  ? 

General  Hains.  The  width  at  the  top  there  would  be — it  would  add 
over  200  feet.  It  depends  on  the  slopes.  The^*  have  made  the  slopes 
one  on  two  in  some  cases,  and  one  on  three,  I  believe,  in  others.  If 
the  slopes  are  one  on  two — is  that  what  it  is.  Major? 

Major  Harrod.  One  on  two,  except  through  the  harbors,  where  it 
is  one  on  three. 

General  Hains.  Yes;  one  on  two.  That  adds  four  times  forty,  which 
is  160  feet,  and  that  would  make  the  canal  310  feet  wide  on  the  surface. 

Senator  Morgan.  We  have  a  map  of  it  there,  and  can  get  the 
measurements  exactly  from  that? 

Geneml  Hains.  Yes,  sir. 

Senator  Morgan.  The  measurements  of  both  the  sea-level  canal  and 
the  lock  canal  are  shown  upon  that  diagram,  I  suppose? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  So  that  we  can  get  it  exactly  from  that? 

General  Hains.  You  can  not  get  the  width  on  the  surface'  from 
that,  Senator,  and  that  is  what  the  question  was.  Those  are  the  bot- 
tom widths  shown  on  that  map. 

Senator  Morgan.  Oh! 

General  Hains.  The  widths  on  the  surface  would  be  considerably 
greater  where  there  is  a  slope. 

Senator  Taliaferro.  Taking  the  average  vessels  that  j^ou  think 
would  pass  through  either  of  these  canals,  if  constructed,  would  there 
be  any  difficulty  in  vessels  of  average  size  passing  each  other  in  the 
sea-level  canal  ? 

General  Hains.  No,  sir;  not  of  the  averajp^e  size;  but  the  law  under 
which  this  canal  is  to  be  built  does  not  call  for  the  average  vessel. 

Senator  Taliaferro.  No;  but  I  merely  asked  for  your  view  as  to 
the  practical  operation  of  the  canal. 

General  Hains.  Oh,  yes,  sir;  that  is  correct.  It  will  thus  be  seen 
that  it  is  impossible  for  eighty-two  ships  of  the  world  to  pass  each 
other  safely  in  the  narrow  part  of  the  canal;  that  is,  in  the  150-foot 
part. 

Senator  Morgan.  Of  the  sea-level  canal? 

General  Hains.  Yes,  sir;  of  the  sea-level  canal.  If  two  large  ships 
were  coming*  in  opposite  directions  one  would  have  to  wait  at  some 
place  near  tne  end  of  the  canal  until  the  other  passed.  Would  a  canal 
subject  to  such  restrictions  fairly  meet  the  views  of  the  board  as 
expressed  in  the  following  paragraph: 
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''The  vastness  of  the  interests  to  be  served  by  the  canal,  many  of 
which  interests  now  wait  for  their  development  on  the  construction  of 
the  waterway^  demands  that  the  canal  shall,  when  opened  for  traffic, 
be  of  the  type  which  will  most  perfectly  fulfill  the  purposes  which  the 
waterway  is  intended  to  accomplish." 

Senator  Dryden.  As  you  go  along,  General,  1  want  to  understand 
you,  and  I  think  I  misunderstood  you  a  moment  ago.  You  made  a 
statement  to  this  effect:  That  if  two  large  vessels  nad  to  pass  each 
other  one  of  them  would  have  to  wait  at  the  entrance  of  the  canal 
before  the  other  could  pass,  as  I  understood  you? 

General  Hains.  It  would  have  to  wait  at  some  other  place — at  a  wide 
place. 

Senator  Dryden.  You  did  not  mean  that  it  would  have  to  wait  out- 
side, in  the  bay? 

General  Hains.  Oh,  no,  sir.  I  did  not  mean  out  there.  There  are 
places  at  each  end  of  the  canal  where  they  could  wftit,  or  they  might 
wait  in  the  Culebi-a  cut. 

Senator  Dryden.  That  is  ail  that  I  wanted  to  ask. 

General  Hains.  It  is  to  be  noted  that  the  narrow  part  of  the  canal — 
that  is,  of  the  sea-leveL canal — is  the  part  where  the  current  will  be  the 
swiftest.     That  is  this  part  right  down  here  [indicating  on  map]. 

Senator  Taliaferro.  Is  that  on  the  Pacific  side? 

General  Hains.  No,  sir;  that  is  on  the  Atlantic  side. 

Senator  Taliaferro.  Have  you  not  more  current  to  deal  with  on  the 
Pacific  side  than  you  have  on  tne  Atlantic  side? 

General  Hains.  In  the  sea-level  canal  ?       • 

Senator  Taliaferro.  Yes. 

General  Hains.  No,  sir. 

Senator  Taliaferro.  Is  there  not  a  rise  of  tide  of  8  or  10  feet  more 
on  the  Pacific  side  than  on  the  Atlantic  side? 

(jeneral  Hains.  Yes,  sir. 

Senator  Taliaferro.  Is  not  that  what  makes  your  currents? 

General  Hains.  No,  sir. 

Senator  Taliaferro.  What  makes  the  currents? 

General  Hains.  The  discharge  of  the  Chagres  River  into  the  canal. 

Senator  Taliaferro.  I  did  not  understand  that  the  Chagres  River 
was  discharged  into  the  canal. 

General  Hains.  Under  the  sea-level  project? 

Senator  Taliaferro.  Yes. 

General  Hains.  Yes,  sir;  it  is  discharged  into  the  sea-level  canal. 
There  is  a  dam  to  be  built  at  Gamboa  to  regulate  that  discharge;  but 
that  water  has  got  to  be  discharged,  and  under  the  plans  of  tne  sea- 
level  canal  it  has  got  to  be  discharged  into  the  canal. 

Senator  Taliaferro.  It  flows  in  very  gently  from  this  dam.  It  does 
not  go  in  with  a  rush — I  mean,  under  that  plan  ? 

General  Hains.  Not  so  very  gently,  Senator.  It  has  got  to  come 
down  within  a  short  distance  here;  from  there  [indicating  on  map]  it 
comes  down  into  the  canal,  and  the  fall 

Senator  Simmons.  What  is  the  descent  in  that  distance  ? 

General  Hains.  When  the  lake  is  at  its  maximum  it  will  be  about 
170  feet. 

Senator  Simmons.  What  is  the  distance  down  ? 

General  Hains.  As  I  remember  it,  I  think  it  will  be  something  less 
than  a  mile,  or  about  a  mile.  One  hundred  and  seventy  feet  fall  in  a 
mile  is  a  pretty  good  fall. 
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Senator  Taliaferro.  Does  not  the  recommendation  of  the  Board 
of  Consulting  Engineers  provide  that  that  Chagres  water  shall  be 
divided,  and  shall  empty  into  the  canal  in  each  direction? 

General  Hains.  I  do  not  understand  that  any  arrangements  are 
made  to  make  it  flow  in  each  direction;  but  I  do  suppose  tnat  perhaps 
a  part  of  it  will  go  toward  the  Pacific. 

Senator  Morgan.  That  depends  on  the  slope  of  the  bottom  ? 

General  Hains.  No,  sir;  it  will  depend  on  the  slope  of  the  surface. 

Senator  Morgan.  Of  the  surface  of  the  canal? 

General  Hains.  Yes,  sir;  of  the  surface  of  the  water  at  the  time. 

Senator  Morgan.  At  the  time? 

General  Hains.  Yes,  sir.  There  is  no  exit  for  any  large  amount  of 
water  on  the  Pacific  side  provided.  There  is  a  spillway  there,  but  it 
is  not  contemplated  to  discharge  very  much  water  in  that  direction. 

Senator  Kittredge.  Do  you  understand,  General,  that  nothing  is 
done  to  break  the  fall  of  the  water  from  the  Gam  boa  dam  into  the  canal  ? 

General  Hains.  No,  sir;  I  do  not  understand  that. 

Senator  Kittredge.  What  is  your  understanding  about  it? 

General  Hains.  1  understand  that  they  are  to  put  a  sort  of  an 
arrangement  of  steps  to  break  the  velocit3^       * 

Senator  Kittredge.  Would  that  have  that  effect? 

General  Hains.  It  will  to  some  extent;  yes,  sir. 

Senator  Kittredge.  Do  you  understand  that  the  water  coming- 
from  the  Gamboa  dam  is  to  be  introduced  directly  into  the  prism 
of  the  canal? 

General  Hains.  I  do  not  understand  what  you  mean  by  "  directly." 
If  you  mean  that  it  is  to  be  just  tumbled  into  the  canal,  without  any 
means  for  correcting  the  velocity  of  the  flow,  it  would  destroy  the 
canal,  and  of  course  that  is  not  intended. 

Senator  Kittredge.  What  is  planned,  as  you  understand  it? 

General  Hains.  It  is  intended  to  have  some  arrangement  for  reduc- 
ing the  velocity. 

Senator  Morgan.  Successive  terraces  of  stone? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  In  steps  leading  from  the  dam  down  into  the 
canal? 

General  Hains.  And  finally  a  weir  for  it  to  pass  over. 

Senator  Kittredge.  Is  it  not  first  discharged  into  a  basin,  and  then 
passed  out  over  a  weir  into  the  canal? 

General  Hains.  That  has  never  been  worked  out,  sir,  that  I  know  of. 

Senator  Kittredge.  Is  not  that  the  plan  contemplated  by  the 
majority  ? 

General  Hains.     I  do  not  know  that  it  is. 

Senator  Kittredge.  Is  not  that  a  feasible  proposition  from  an 
engineering  standpoint? 

Geneml  Hains.  It  is  a  thing  that  perhaps  will  want  to  be  done — 
something  of  that  kind. 

Senator  Kittredge.  It  is  entirely  feasible,  is  it  not? 

General  Hains.  Oh,  yes,  sir. 

Senator  Morgan.  You  could  not  put  your  weir  nearer  to  Gamboa 
than  about  Gigante,  could  you? 

General  Hains.  The  water  from  the  lake  will  come  down  in  a  trench, 
you  mav  say,  that  is  to  be  excavated,  and  there  are  to  be  terraces 
arranged  to  break  its  force. 
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Senator  Morgan.  Yes. 

General  Hains.  That  is  what  I  undei-stand  the  advisory  board  to 
intend;  and  then  there  will  be  a  weir  along  down  close  to  the  line  of 
the  canal,  over  which  it  will  pour  in  a  comparatively  thin  sheet. 

Senator  Kittredge.  Creating  what  strength  of  current? 

General  Hains.  Nobody  knows. 

Senator  Kittredge.  How  swift  a  current  is  proper  to  be  introduced 
into  the  prism  of  the  canal  and  not  interfere  with  shipping? 

General  Hains.  That  is  a  matter  of  opinion.  In  the  Suez  Canal  they 
have  nearly  2  miles  per  hour,  I  believe,  at  times. 

Senator  Kittredge.  Does  that  interfere  with  shipping? 

General  Hains.  Not  there,  to  any  great  extent. 

Senator  Kittredge.  Would  it  in  this  canal? 

General  Hains.  In  that  particular  part  I  do  not  think  it  would;  but 
down  in  the  narrow  part  I  think  it  would. 

Senator  Kittredge.  Why  do  you  say  that  water  introduced  into 
the  prism  of  the  canal  in  the  manner  you  now  suggest  would  flow 
toward  the  Atlantic  rather  than  the  Pacific  ? 

General  Hains.  You  have  a  lock  over  on  the  Pacific  side,  and  you 
have  to  use  that  lock. 

Senator  Kittredge.  How  much  of  the  time? 

General  Hains.  Practically  all  of  the  time.  I  am  coming  to  that 
after  a  while,  to  show  that  I  do  not  believe  that  that  lock  can  be  kept 
open  half  the  time,  as  is  claimed.  It  is  claimed  that  it  can  be  kept 
open  half  the  time,  and  I  do  not  think  it  can  be  done. 

Senator  Morgan.  You  mean  the  sea-gate  'i 

General  Hains.  Yes,  sir ;  I  mean  on  the  Panama  end. 

Senator  Morgan.  The  sea-level  canal  at  all  times  must  be  prepared 
to  receive  the  normal  flow  of  the  Chagres  River  and  to  take  care  of 
the  flood  flow,  whatever  that  may  be,  when  it  may  occur,  if  I  under- 
stand the  situation.  The  Chagres  River  at  its  normal  flow  will  be  at 
all  times  entering  into  the  sea-level  canal? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  And  at  flood  tide  it  will  be  taken  care  of  by  regu- 
lating works? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  That  is  what  I  wanted  to  know. 

General  Hains.  Yes,  sir;  that  is  right. 

Senator  Kittredge.  Before  leaving  the  question  of  width  of  the 
canal,  how  does  the  width  of  the  Panama  Canal  as  propjosed  by  the 
majority  of  the  board  of  consulting  engineers  compare  with  the  width 
of  the  Suez  Canal  ? 

General  Hains.  Oh,  it  is  wider.  The  Suez  Canal  is  a  little  over  100 
feet  wide;  I  think  it  is  112  feet  wide  now. 

Senator  Kittredge.  At  the  surface  ? 

General  Hains.  I  do  not  think  that  is  so  much  of  a  point,  Senator. 
It  is  the  width  of  the  bottom  that  controls. 

Senator  Kittredge.  It  does  for  ships  of  deepest  draft. 

General  Hains.  I  am  speaking  of  this  canal  for  ships  of  the  deepest 
draft.     That  is  the  object  of  making  this  canal  so  deep.     If  j^ou  are 
oi>ly  gt>ing  to  accommodate  ships  of  the  ordinary  draft,  there  is  no 
necessity  for  spending  so  many  millions  of  dollars  down  there  at  all 
We  can  save  a  great  many  millions  in  that  event. 
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Senator  Kittredge.  Do  j-ou  remember  the  depth  of  the  canal  at 
Suez? 

General  Hains.  Yes,  sir. 

Senator  Kittredge.  What  is  it? 

General  Hains.  About  29i  feet;  and  thej'  are  deepening  it  now  to 
about  32. 

Senator  Kittredge.  Are  they  having  serious  trouble  with  ti*affic  in 
the  meeting  of  boats  ^ 

General  Hains.  The  largest  vessels  do  not  go  through  there. 

Senator  Kittredge.  How  many  do  not  go  through  i 

General  Hains.  I  can  not  tell  you  how  many,  but  there  are  quite  a 
number  of  vessels  that  can  not  go  through  there  on  account  of  their 
draft.  I  do  not  know  whether  vessels  of  deeper  draft  go  thix)ugh 
there  now,  but  until  quite  recently  no  vessel  amwing  more  than  27 
feet  was  allowed  to  go  through  that  canal. 

Senator  Morgan.  And  no  sailing  ship  ever  goes  through  it? 

General  Hains.  That  I  do  not  know;  but  27  feet  was  tne  maximum 
draft  of  any  vessel  they  allowed  to  go  through  there  at  all.  Now,  we 
are  going  to  have  vessels  drawing  38  feet. 

Senator  Kittredge.   What  ship  do  you  refer  to? 

General  Hains.  I  refer  to  two  ships — the  Mauritania  and  the 
Lulsitania. 

Senator  Kittreixie.  What  is  the  length  of  those  ships  if 

General  Hains.  Eight  hundred  feet,  I  think  it  is— yes,  sir;  800  feet. 

Senator  Anken r.  Are  those  the  new  Cunarders,  General  ? 

General  Hains.  Yes,  sir.  I  have  this  sketch  that  I  would  like  to 
show  you,  showing  how  easilv  they  can  pass  each  other  [exhibiting* 
picture].     There  is  a  sketch  showing  how  they  pass  each  other. 

Senator  Kittredge.  The  statement  was  made  here  the  other  day,  in 
connection  with  the  draft  of  those  ships,  that  they  were  to  draw  36  feet. 

General  Hains.  Thirt5^-six  feet  draft?  I  have  a  letter  here  from 
the  agent 

The  Chairman.  General,  right  there,  what  is  the  width  of  this  canal 
that  you  show  here  with  these  two  ships  in  it;  is  it  the  sea-level  canal 
or  the  lock  canal  that  you  have  the  ships  in  now? 

General  Hains.  That  drawing  shows  them  passing  each  6ther  in  the 
sea-level  canal. 

The  Chairman.  It  shows  them  in  the  sea-level  canal? 

General  Hains.  Yes,  sir. 

Senator  Dryden.  And  are  they  passing  as  far  apart  from  each  other 
as  it  is  possible  for  them  to  do  in  the  sea-level  canal  ? 

General  Hains.  That  is  drawn  so  that  they  are  as  close  together  as 
5  feet.  You  can  jump  from  one  to  the  other;  and  I  do  not  believe  that 
two  big  ships  of  that  kind  can  move  at  all  within  5  feet  of  each  other 
safely. 

Senator  Dryden.  That  was  not  quite  mv  question,  General.  I 
think  you  did  not  quite  understand  it.  I  asked,  you  if  they  were  drawn 
so  as  to  pass  as  far  apart  from  each  other  as  possible. 

General  Hains.  Yes,  sir;  thev  touch  the  ground  on  each  side. 

Senator  Simmons.  General,  1  notice  that  on  the  line  here  at  the 
bottom  you  have  them  a  little  up  the  slant. 

General  Hains.  Yes,  sir.  The  canal  at  the  bottom  is  only  150  feet 
wide.  These  vessels  are  88  feet  wide  each,  so  that  if  you  doubled  that, 
if  they  drew  the  full  length  of  the  canal,  they  could  not  pass  at  all. 
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Senator  Simmons.  That  would  bring  them  both  within  those  two 
black  lines? 

General  Hains.  Yes.  sir. 

Senator  SiM3iONs;  Tnere  would  not  be  room  for  them  to  pass  at  all? 

General  Hains.  This  being  the  slope  on  which  the  canal  is  built  they 
would  just  about  touch  the  ground  there  when  they  are  5  feet  apart. 

Senator  Simmons.  This  would  be  about  38  feet  at  that  point 
[Indicating]? 

General  Hains.  No;  that 'would  be  about  37  feet.  This  would  be 
38  down  here. 

I  want  to  say  one  thing  more  about  this.  Thirty-eight  feet  is  the 
draft  that  has  been  given  by  the  agent  of  the  company  in  a  letter. 
Thirty-eight  feet  in  salt  water  means  over  39  feet  in  fresh  water,  and 
the  sea-level  canal  is  going  to  have  fresh  water  in  it,  even  in  that  part 
of  it,  a  good  deal  of  the  time,  so  that  38  feet  does  not  tell  the  wnole 
story. 

Senator  Drtden.  Would  so  small  a  margin  as  practically  1  foot 
in  the  depth  be  safe  for  a  big  vessel  'i  • 

General  Hains.  I  should  say  it  was  very  unsafe. 

Senator  Kittredge.  General,  do  you  remember  whether  the  report 
of  the  majority  of  the  Board  of  Consulting  Engineers  contemplates 
the  construction  of  passing  places? 

General  Hains.  l  remember  that  the  Consulting  Board  makes  no 
provision  whatever  for  passing  places. 

Senator  Kittredge.  Is  that  a  difficult  proposition  from  an  engineer- 
ing standpoint? 

General  Hains.  Is  it  a  difficult  one? 

Senator  Kittredge.  Yes. 

General  Hains.  No,  sir;  not  at  all  difficult. 

Senator  Kittredge.  Does  it  involve  much  extra  expense  to  construct 
passing  places? 

General  Hains.  Yes,  sir;  it  involves  considerable  expense.  I  think 
I  have  something  covering  that  right  here  in  these  notes. 

Senator  Morgan.  Suppose  we  let  the  General  go  on  and  make  his 
statement  right  through. 

The  Chairman.  I  think  that  would  be  much  better,  and  we  would 
get  along  faster. 

Senator  Morgan.  We  are  breaking  in  on  it  and  getting  it  confused 

The  Chairman.  General,  if  you  will  go  right  along  from  where  you 
left  oiF,  and  finish  your  statement,  we  will  be  glad  to  hear  you. 

General  Hains.  Yes,  sir;  I  think  that  would  be  the  better  way,  and 
then  ^^ou  can  come  back. 

It  IS  to  be  noted  that  the  narrow  part  of  the  canal  referred  to  is  the 
part  where  the  current  will  be  the  swiftest.  Under  the  plans  of  the 
Board,  the  waters  of  the  Chagres  River,  as  well  as  its  tributaries,  are 
taken  into  the  canal,  and  may  often  produce  a  velocity  of  nearly  4 
feet  a  second.  Moreover,  the  part  of  tne  canal  where  this  takes  place 
is  the  part  that  has  the  greatest  amount  of  curvature.  That  is  that 
part  down  there  [indicating].  This,  together  with  the  swift  current, 
will  render  it  sufficiently  difficult  for  a  single  one  of  these  large  ships 
to  be  safely  managed,  even  though  she  have  the  entire  canal  to  nerself. 
The  canal,  if  subject  to  such  restrictions,  would  inevitably  be  deemed 
inadequate,  and  its  widening  demanded. 
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It  is  further  to  be  noted  that  this  narrow  part  of  the  canal  is  in  cut- 
ting, which  consists  largely  of  material  easily  abraded  by  the  current, 
the  result  of  which  would  cause  a  flattening  of  the  slopes  and  shoaling 
on  the  bottom. 

In  the  Suez  Canal  there  are  numerous  passing  places  between  Port 
Said  and  Ismailia,  a  distance  of  47  miles,  which  is  just  about  the  length 
of  this  canal.     There  are  14  passing  places  in  that  distance. 

The  tendency  of  any  stream  to  establish  a  tortuous  course  as  a  part 
of  its  regimen  is  a  well-established  hydraulic  proposition.  This  ten- 
dency is  much  increased  if  it  flows  between  bauKs  of  erosive  materials, 
and  if  it  receives  sediment-bearing  tributaries.  It  is  submitted  that 
this  part  of  the  canal  must,  therefore,  be  considered  as  partaking  of 
the  cnaracteristics  of  a  sedimentary  river,  under  which  it  will  establish, 
in  time,  its  own  regimen.  It  is  not  predicted  that  it  will  form  the 
large  sinuosities  of  a  sedimentarv  river  flowing  through  an  alluvial 
plain,  but  that  it  will  establish  sudScient  indirections  of  course  and  cur- 
rents to  render  it  un  navigable,  as  a  canal  150  feet  wide,  for  ships  of 
the  dimensions  for  whioh  the  law  directs  that  provision  shall  be  made. 

A  tributary  discharging  a  few  thousand  second-feet  in  flood  into  a 
channel  of  about  8,000  square  feet  cross  section  will  present  an  obsta- 
cle which  ships  can  not  pass  without  being  deflected  from  their  courses 
and  thrust  against  the  opposite  bank.  This  is  an  immediate  difficulty, 
but  in  time  this  influent  tributary,  working  during  low  stages  and  in 
floods,  will  deposit  a  cone  of  sediment  at  its  mouth  and  will  erode  the 
opposite  bank.  This  erosion  of  one  bank  will  be  followed  by  an  ero- 
sion of  the  other  bank  at  a  point  lower  down  and.  the  deposition  of 
the  eroded  material  in  the  bea  of  the  canal.  This  is  the  law  of  flow- 
ing water  carrying  sedimentary  material;  and  in  this  way  the  align- 
ment of  the  canal  will  be  impared  and  indirection  of  course  and  of 
currents  established  which  will  ultimately  prove  obstinictive  to  navi- 
gation. 

Senator  Kittredge.  Ma^^  I  interrupt  you  right  there  if  What  is  the 
character  of  the  material  right  opposite  the  Gamboa  dam  ? 

General  Hains.  Oh,  it  is  nard  material  up  there.  I  am  not  speak- 
ing about  that  part  of  the  canal,  Senator.  1  am  speaking  of  the 
lower  part  of  the  canal,  down  between  the  Mindi  River  and  Bohio,  or 
even  up  farther  than  that. 

Senator  Morgan.  Ten  or  12  miles? 

General  Hains.  Yes,  sir — oh,  yes,  sir;  there  is  more  than  that.  It 
is  this  part  along  here  I  am  speaking  of  [indicating].  There  is  about 
20  miles  of  it  which  is  only  150  feet  wide — 19i  miles,  to  be  accurate. 
I  believe  that  is  what  it  is. 

Senator  Kittredge.  How  much  current  will  there  be  in  the  sea- 
level  canal  from  Gamboa  to  the  Atlantic  Ocean  ? 

General  Hains.  The  current  down  in  the  lower  part  is  supposed  to 
reach  2.6  miles  per  hour,  or  about  4  feet  per  second. 

Senator  Kittredge.  Why  do  you  say  '^supposed?" 

General  Hains.  It  is  calculated  to  do  it. 

Senator  Kittredge.   Where  is  that  calculation  made? 

General  Hains.  In  the  office  of  the  Commission.  It  was  made  by 
the  Advisory  Board  itself. 

Senator  Kittredge.  Is  that  a  sufficient  current  to  accomplish  the 
result  you  indicate? 

General  Hains.  Yes,  sir;  I  think  so. 
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Senator  Morgan.  Such  calculations  are  entirely  reliable  in  engi- 
neering? 

General  Hains.  There  is  only  one  question  about  it,  Senator,  in  my 
mind;  I  do  not  know  but  what  those  currents  may  be  a  little  swifter. 
The  Consulting  Board  admit  that  there  may  be  a  velocity  of  about  2.6 
feet  per  second,  but  I  am  not  sure  but  what  there  will  be  more. 

Senator  Morgan.  You  have  formulae  by  which  3"ou  make  the  com- 
putations that  are  uniformly  used  everywhere  ? 

General  Hains.  Oh,  yes,  sir;  yes,  sir. 

Another  reason  why  I  do  not  like  the  sea-level  canal  is  because  it 
requires  many  more  dams,  and  one  dam  which  is  much  larger  than 
any  required  by  the  other  plan.  I  do  not  mean  to  say  that  any  of 
these  dams  are  going  to  be  difficult  engineering  problems;  but  they 
are  there. 

Senator  Morgan.  Are  these  dams  that  you  speak  of  for  the  purpose 
of  producing  divergence  of  water  to  keep  it  from  flowing  into  the 
canal'f 

General  Hains.  Yes,  sir;  there  are  about  thirtv  of  them.  There 
are  about  thirty  dams  between  here  [indicating]  and  Gam  boa  that  have 
to  be  built  before  you  can  build  j'our  sea-level  canal. 

Senator  Dryden.  Do  you  say  that  there  is  one  dam  larger  than  the 
proposed  dam  at  Gatun  ? 

General  Hains.  Yes,  sir;  the  Gamboa  dam  is  larger.  That  holds  a 
head  of  170  feet,  while  this  one  down  here  only  holds  a  head  of  85 
feet;  but  there  are  over  30  dams  to  be  built  along  that  route. 

Senator  Dryden.  What  is  the  length  of  that  large  dam  there  for  the 
sea-level  canal? 

General  Hains.  This  one  [indicating]? 

Senator  Dryden.  Yes. 

General  Hains.  The  dam  is  in  three  pieces.  The  big  section  is 
something  like  2,000  feet,  as  1  remember. 

Senator  Dryden.  Three  thousand  or  2,000? 

General  Hains.  Two  thousand.  I  think  it  is  about  that.  It  is  on 
the  drawings.     I  do  not  remember  those  figures. 

Senator  Morgan.  General  (if  the  committee  will  excuse  me  for 
asking  a  question  that  is  momentarily  applicable  and  very  important, 
I  believe),  taking  into  consideration  the  cost  of  the  thirty  dams  ^^ou 
speak  of  as  regulating  the  flow  of  the  aflluents  of  the  Chagres  River 
into  the  canal,  is  it  not  probable  that  the  cost  of  a  sea-level  canal 
between  Gamboa  and,  we  will  say,  Mindi  or  Gatun  would  be  less  if  it 
were  dug  right  down  through  the  marginal  peaks  of  the  Chagres  River 
on  the  right  bank,  and  the  dump  thrown  into  the  river? 

General  Hains.  I  have  never  investigated  that  question,  Senator; 
I  could  not  say. 

Senator  Morgan.  You  would  certainly  get  rid  of  a  great  many  of 
the  aflSuents  by  such  a  course,  by  digging  jour  canal  so  as  to  hug  the 
mountain  here  right  along  down  and  throwmg  the  dump  into  the  valley 
of  the  river.     I  do  not  mean  the  river  bed,  but  1  mean  the  lowlands. 

General  Hains.  I  can  not  answer  your  question,  Senator.  I  have 
never  given  sufficient  study  to  that  particular  project.  What  1  wanted 
to  state  now  was  one  of  the  reasons  why  I  do  not  favor  a  sea-level 
project.  As  I  stated,  there  are  about  30  dams  along  the  line  of  that 
canal  that  are  to  be  built. 
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Senator  Morgan.  Between  Gamboa  and  the  bay  ? 

General  Hains.  Between  Mindi,  say,  down  near  the  end,  and  Gam- 
boa,  The  Cha^res  River  sometimes  discharges  in  the  neighborhood 
of  100,000  cubic  feet  a  second  at  Gamboa. 

Senator  Morgan.  What  rise  would  that  be  above  the  ordinary 
surface? 

Geneml  Hains.  About  40  feet.  Before  you  can  build  your  canal 
you  will  have  to  divert  the  waters  of  the  Chagres.  Now,  if  you  do 
not  have  any  of  those  big  freshets  while  you  are  building  this  diver- 
sion, you  will  have  no  trouble.  But  this  diversion  channel  is  not  con- 
templated, or  has  not  been  contemplated  by  anybody  that  1  know  of, 
to  be  anything  like  as  big  as  the  Chagres  Kiver  itself.     The  conse- 

Suence  is,  if  you  take  the  discharge  of  the  Chagres  River  into  this 
iversion  channel,  you  are  going  to  have  a  great,  big  river  going  down 
to  the  sea  alongside  of  your  canal  while  your  canal  is  being  built;  and 
if  it  breaks  in  on  you,  my  opinion  is  that  the  damage  will  be  immense. 
Just  exactly  what  it  will  be  I  do  not  know;  no  one  can  predict  what  it 
will  be.     It  will  depend  on  how  big  a  freshet  it  is. 

After  the  canal  is  finished  these  diversions  are  to  be  dispensed  with, 
and  all  these  streams,  both  the  Chagres  and  the  other  tributary  streams 
along  there,  are  to  be  taken  into  the  canal — that  is,  most  of  them. 
There  are  four  or  five  down  at  the  lower  end  that  are  permanently 
diverted. 

Senator  Morcjan.  Along  with  that  flood  of  40  feet  at  Gamboa  in  the 
Chagres? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  They  are  all  to  be  taken  into  the  channel  of  the 
canal? 

General  Hains.  The  river  now  is  known  to  rise  at  Gamboa  about  40 
feet. 

Senator  Morgan.  Yes. 

♦General  Hains.  And  if  you  get  a  rise  of  anything  like  40  feet  in 
your  diversion  channel,  you  can  easily  see  that  when  you  cross  the 
river  you  will  have  to  have  a  tolerably  good-sized  dam  to  keep  the 
water  out. 

Senator  Morgan.  Let  me  ask  you  if  it  is  a  fact  now  that  a  rise  of 
46  feet  is  recorded  at  Bohio? 

General  Hains.  Forty -six  feet? 

Senator  Morgan.  Yes. 

General  Hains.  No,  sir;  I  think  about  39  is  about  the  highest  that 
they  ever  had  any  record  of.  Senator,  at  Bohio. 

Senator  Drtden.  Then  this  danger  that  you  speak  of,  of  the  water 
of  the  Chagres  breaking  out  of  this  conduit  proposed  to  be  constructed, 
would  be  present  during  the  whole  time  of  the  construction  of  the 
canal — somewhere  from  twelve  to  twenty  years? 

Geneml  Hains.  Yes,  sir. 

Senator  Morgan.  Just  there  there  is  a  point  of  interest  in  my  mind 
which  I  would  like  to  have  solved.  The  conduit  you  speak  of  means 
a  channel  running  up  toward  the  sea  through  the  coastal  plain  ?  ^ 

General  Hains.  No,  sir;  notthrough  the  coastal  plain.  I  will  explain 
it  here  from  this  map.  Senator.  This  is  a  large  map  [producing  new 
map].  Here  is  the  Chagres  River.  Here  is  a  part  of  the  old  French 
diversion.  There  it  goes,  along  there,  until  it  runs  into  the  river. 
Every  little  while  they  make  use  of  the  river  for  the  purpose  of 
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reducing  the  cost  of  this  diversion  channel — so  they  use  that,  and  that 
is  the  plan  in  the  Consulting  Board's  project. 

Senator  Morgan.  Genertu,  where  is  Gamboa  on  that  plan,  please? 

General  Hains.  It  is  up  here.  It  is  not  on  this  map,  Senator;  it  is 
up  here  farther. 

What  I  wanted  to  show  you  by  this  is  about  these  dams.  Here  is  a 
diversion  channel^  you  see,  coming  along  here,  and  here  is  the  canal 
[indicating].  This  canal  crosses  the  river  there  [indicating].  You 
will  have  to  have  a  dam  on  this  side  to  keep  this  diversion  channel 
from  discharging  into  the  canal  while  you  are  constructing  it.  You 
will  have  to  nave  another  dam  here,  because  this  is  the  diversion 
channel  that  is  part  of  the  old  river  used  for  diversion,  and  you 
will  have  to  have  another  dam  here  to  keep  that  water  from  going 
into  the  canal,  or  into  the  partially  constructed  canal;  and  the  same 
wa\'  here  and  here  and  here  [indicating].  Here  is  this  diversion 
channel,  passing  along  from  the  old  bed  of  the  river,  going  up  this 
way,  into  the  Frijoles.  Then  it  goes  down  the  Frijoles  into  there 
[indicating].  But  you  must  put  a  dam  down  here,  and  you  must  put 
a  dam  there  [indicating]  to  keep  that  water  from  going  down  into  your 
canal. 

The  Consulting  Board  estimated  three  and  a  half  millions  of  dollars 
for  these  diversion  channels,  for  the  dams,  and  all  the  necessary'  adjuncts 
of  taking  these  waters  afterwards  into  the  canal  itself.  Our  Comnais- 
sion  went  over  those  estimates  and  came  to  the  conclusion  that  the  esti- 
mate was  about  six  and  a  half  millions  too  little. 

Senator  Morgax.  They  estimated  it  at  three  millions? 

General  Hains.  Three  and  a  half,  and  I  think  we  made  it  about  ten — 
somewhere  along  there.  I  do  not  remember  the  exact  figure,  but  it  is 
about  ten  millions. 

Senator  Kittrkdge.  Before  you  start  in  on  that  subject  I  would 
like  to  ask  j^ou  one  or  two  questions  on  the  subject  of  the  water  supply. 
What  is  the  variation  in  height  of  the  water  at  the  ( Jatun  dam  at  nigh 
water  and  at  low  water? 

General  Hains.  I  think  they  count  on  about  3  feet  variation. 

Senator  Kittredge.  Is  it  not  about  5  feet? 

General  Hains.  No,  sir;  I  do  not  think  there  will  be  as  much  as  5; 
and  it  is  not  necessary,  really,  to  have  any  material  fluctuation  in  that 
level.  If  you  build  a  dam  at  Gamboa  or  Alhajuela  so  as  to  control  the 
water  up  there,  control  the  flow  into  that  big  lake,  I  do  not  think  there 
will  he  as  much  as  3  feet. 

Senator  Kittredge.  A  dam  at  Gamboa  or  Alhajuela  is  not  contem- 
plated under  the  minority  or  lock  plan,  is  it? 

General  Hains.  It  is  not  contemplated;  no. 

Senator  Kittredg^.  Then  why  do  you  speak  of  that  feature? 

General  Hains.  A  dam  there,  at  one  of  those  places,  is  provisionally 
contemplated  if  ever  the  traflic  through  the  canal  should  become  very 
great. 

Senator  Kittredge.  So  that  the  supply  of  the  water  should  be  dimin- 
ished to  such  an  extent  that  it  should  become  necessary  to  use  the  addi- 
tional water;  is  that  it^ 

General  Hains.  No;  it  is  so  as  to  hold  back  a  suflScient  amount  of 
water  to  supply  the  needs  of  the  dry  season. 

Senator  Kittredge.  According  to  your  statement,  then,  there  is  a 
variation  of  3  feet? 
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General  Hains.  Yes,  sir. 

Senator  Kittredge.  So  that  at  some  times  of  the  year — in  the  dry 
season,  I  suppose — the  height  of  the  water  at  the  Gatun  dam  will  be 
82  feet? 

General  Hains.  Yes,  sir;  I  suppose  it  would  get  down  to  82  feet 
sometimes.  It  might;  I  do  not  know.  I  have  not  worked  that  out, 
but  I  think  thej^  contemplate  a  variation  of  about  3  feet. 

Senator  Kittredge.  And  if  the  engineers  have  testified  that  it  was 
a  variation  of  5  feet,  would  you  be  surprised 'if 

General  Hains.  Yes,  sir;  I  think  I  would. 

Senator  Kittredge.  Now,  assume  that  it  is  3  feet  in  the  diy  season, 
that  would  reduce  the  depth  of  your  water  through  the  entire  distance 
between  the  locks,  woula  it? 

General  Hains.  Yes,  sir. 

Senator  Kittredge.  So  that  at  some  seasons  of  the  year,  then,  the 
maximum  depth  of  water  in  the  canal  proposed  by  the  minority  would 
not  exceed  42  feet,  would  it? 

General  Hains.  It  might  not  exceed  42  feet  for  a  very  short  time, 
Senator;  there  are  but  three  months  of  the  dry  season,  and  if  there  is 
a  falling  of  the  lake  and  it  only  falls  3  feet,  the  3  feet  is  only  reached 
toward  the  .last  part  of  the  dry  season. 

Senator  Kittredge.  But  it  would  be  reached  at  some  time  during 
the  year? 

General  Hains.  Oh,  it  might  be  reached;  yes. 

Senator  Kittredge.  And  when  that  condition  was  reached  it  would 
reduce  the  depth  of  your  water  to  42  feet,  would  it  not? 

General  Hains.  To  42  feet;  yes,  sir. 

Senator  Kittredge.  And  the  capacity  of  the  canal  is  limited  by  the 
minimum  depth? 

Genei-al  Hains.  Yes,  sir. 

Senator  Kittredge.  Then,  instead  of  45  feet  of  water  it  would  be 
42,  would  it  not? 

General  Hains.  The  way  I  should  put  that  would  be  that  you  might 
have  42  feet  for  a  few  davs;  you  would  only  have  less  than  43  feet  for 
about  a  month  and  a  half;  and  you  would  only  have  less  than  44  feet 
for  about,  saj^  two  months  and  a  half;  and  for  all  the  year  except 
about  three  months  you  would  have  45  feet. 

Senator  Kittredge.  Your  statement  a  few  moments  ago  to  us  that 
the  lock  plan  which  you  favored  would  permit  a  draft  of  water  of  45 
feet  was  subject  to  the  exceptions  you  now  state? 

General  Hains.  Yes,  sir. 

Senator  Kittredge.  That  is  what  I  had  in  mind. 

Senator  Morgan.  Just  one  more  question  before  you  proceed;  it 
will  only  take  a  moment  to  answer  it.  In  the  construction  of  a  sea- 
level  canal,  commencing  at  the  Bay  of  Limon  and  running  up,  say,  as 
far  as  Obispo  or  Gamboa,  would  it  be  necessary  to  divert  the  channel 
of  the  Chagres  so  as  to  enable  the  dredges  to  operate  that  would  come 
in.  from  the  sea? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  It  would  be  necessary  to  divert  the  channel  of  the 
river? 

General  Hains.  Yes,  sir;  all  the  way. 

Senator  Morgan.  And  you  think  that  the  dredging  could  not  be 
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done  from  the  Bay  of  Limon,  up  to,  say,  Gamboa  or  Obispo,  without 
that  (diversion? 

General  Hains.  No,  sir;  I  do  not  think  it  could  be  done.  I  think 
it  would  be  unsafe  to  try  it. 

Senator  Morgan.  Unsafe? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  You  mean  by  that,  I  suppose,  that  in  the  flood 
wat-ers  all  of  the  work  would  be  swept  out  by  the  flood  unless  you 
took  care  of  it  by  diverting  it? 

General  Hains.  Yes,  sir. 

Another  reason  why  I  prefer  the  lock  canal  is  on  account  of  the  less 
depth  of  cut  in  the  Culebra,  and  because  the  deeper  the  cut  the  greater 
is  the  liability  to  injury  to  the  slopes.  Landslides  (I  do  not  mean 
large  landslides)  have  been  frequent  there.  Small  slides  have  occurred 
along  the  portion  where  the  cut  has  alread}-  been  made;  and  you  will 
find  some  of  these  referred  to  in  Colonel  Black's  reports.  I  have  seen 
a  good  sized  spring  coming  right  out  of  the  side  of  that  cut. 

1  do  not  wisn  to  be  understood  as  saying  that  that  becomes  a  matter 
of  serious  danger;  but  these  landslides,  or  these  slides  of  these  pieces, 
which  may  occur  and  are  apt  to  occur,  will  cause  constant  expense  for 
reconstructing  them  in  some  way  or  other.  The  way  the  Frenchmen 
did,  when  they  had  slides  in  those  places,  was  more  like  that  [indi- 
cating]; they  would  build  those  up  again;  and  you  will  find  in  Colonel 
Black's  reports  that  there  were  numerous  cases  where  those  slips  (I 
call  them  slides,  you  might  call  them  slips)  would  have  to  be  rebtiilt, 
one  or  two  at  a  time.  You  have  to  put  it  back;  you  have  to  build  up 
a  dry  stone  wall  of  masonry;  and  it  has  been  done,  and  it  is  there  now. 

Senator  Kittredge.  Have  the  small  lines  passing  through  the  blue 
and  the  red  or  pink  on  that  map  any  significance? 

General  Hains.  Merely. to  indicate  the  general  slope.  That  line 
is  drawn  so  as  to  show  that  this  is  a  general  slope  of  1  on  1,  1  base  to 
1  vertical;  and  this  is  put  in  to  illustrate  the  manner  in  which  this 
slope  is  cut.  It  is  not  cut  as  a  straight  line,  right  down  that  way, 
but  with  these  steps  in  it. 

Senator  Morgan.  Those  benches  are  about  25  feet  on  the  front? 

General  Hains.  Different  engineers  have  different  ideas  about  it. 
On  the  sections  adopted  by  the  Consulting  Board  they  are  about  12^ 
feet  wide. 

Senator  Morgan.  On  the  flat,  on  top? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  What  is  the  frontage? 

General  Hains.  And  30  feet  high.  This  is  about  30  feet  high,  and 
that  is  about  12^  feet  across  there  [indicating]. 

Senator  Morgan.  Is  12i  feet  width  enough  to  carry  a  railroad  track? 

General  Hains.  I  do  not  think  it  would  be  advisable  to  put  railroad 
tracks  along  there,  on  all  of  those  places,  or,  in  fact,  on  many  of  them. 

1  do  not  suppose.  Senator,  that  it  is  necessary  for  me  to  refer  to 
Colonel  Black  s  reports.  I  have  his  reports  here,  but  if  you  do  not 
care  to  hear  about  them  1  will  pass  that  matter  over. 

Senator  Morgan.  I  think  we  had  better  get  all  the  information  we 
can  while  we  are  at  it. 

Senator  Kitiredge.  State  the  substance  of  them,  at  least. 

General  Hains.  I  can  hardly  state  the  substance.  Senator.  I  will 
just  take  two  brief  paragraphs  from  his  reports.  Here  is  a  report  that 
KKo  I  0 — 06       17 
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he  made— a  general  report  by  Major  Black.  I  will  just  look  at  the 
date  of  it. 

Senator  Kittbedge.  Is  that  made  to  us,  General  ? 

General  Hains.  No;  it  is  made  to  the  Isthmian  Canal  Commission. 
It  was  about  the  time  that  the  canal  was  taken  over  by  the  United 
States.  He  had  been  down  there  a  year  keeping  account  of  the  work 
that  was  being  done  by  the  French  company. 

Senator  Morgan.  He  was  ''guardian  ad  hock;"  he  was  guardian 
over  the  establishment  until  we  took  it  over? 

General  Hains.  Here  is  what  he  says  about  slips  in  the  cut: 

"The  adopted  project  calls  for  terraced  side  slopes  above  the  water 
level,  with  levels  5  meters  wide,  spaced  vertically  10  meters  apart, 
and  slopes  between  these  levels  with  an  inclination  of  5  vertical  to 
2  horizontal,  excepting  in  clay  at  the  top,  where  the  inclination  is  2 
vertical  to  3  horizontal.  These  slopes  have  proved  too  steep  in  many 
instances,  and  falls  of  rock  and  clay  have  been  frequent.  W  hen  these 
falls  took  place  from  the  slopes  of  finished  sections  efforts  were  made 
to  rebuild  the  slopes  and  restore  the  broken  levels  with  dry  rubble 
masonry  or  with  riprap.  It  is  rare  where  this  work  has  remained  in 
place.  The  force  in  my  charge  was  too  small  to  keep  an  accurate 
account  of  all  of  this  kind  of  work  done,  which  must  be  classed  as 
useless.  For  two  points,  however,  it  is  possible  to  give  a  fairly  accu- 
rate estimate. 

''  In  May  a  slide  took  place  on  the  east  side  of  the  cut,  at  kilometer 
64+976" 

That  is  a  position  that  the  map  can  show,  as  to  where  it  was.  [Read- 
ing:] 

"Carrying  away  parts  of  levels  67  and  76.  Work  was  begun  at 
once  to  restore  these  slopes  and  levels  by  building  a  dry  rubble  wall. 
The  wall  fell  once  shortly  after  it  was  started,  ana  in  part  once  after 
completion.  It  was  finally  repaired  in  Jul}',  and  stood  fairly  well 
until  November,  when  it  was  again  carried  away  and  has  not  ^et  been 
restored. 

''Another  fall  took  place  in  May  on  the  east  side,  at  kilometer 
65+110,  carrying  away  portions  of  levels  67  and  75.  An  effort  was 
also  made  here  to  restore  level  76.  This  work  was  also  carried  away 
in  October. 

"  During  the  months  of  May,  June,  July,  and  August  a  force  was 
employed  on  this  work  at  a  cost  of  $822.70  Colombian  silver.  Other 
work  of  the  same  kind  was  done,  but  it  has  been  impossible  to  obtain 
data  on  which  to  base  an  estimate  of  its  cost." 

In  another  part  of  that  same  report  he  sa3^s: 

"  None  of  the  black  rock  of  the  heart  of  the  Culebra  Hill  has  been 
found  at  a  depth  below  +45  on  the  east  side  of  the  cut,  or  below  +50 
on  the  west  side.  Blue  clay  underlies  it.  This  fact  should  be  con- 
sidered carefully  in  making  projects  for  the  slopes  of  the  finished 
work.  The  effect  of  the  lack  of  homogeneity  in  the  material  forming 
the  slopes  is  to  make  it  impracticable  to  hold  a  continuous  steep  slope. 

"Slips  occur  where  the  different  formations  abut,  and  also  where  a 
previous  layer  is  found  beneath  the  surface  to  which  water  can  find  its 
way.  When  the  final  project  is  made  the  question  of  slope  of  the 
bank  must  be  left  for  local  determination.  Each  section  should  have  a 
treatment  best  suited  to  the  material  of  which  it  is  composed.  No 
money  should  be  expended  in  attempting  to  obtain  regularity  of  slopes. 
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When  a  stable  slope  is  obtained  in  a  finished  section  it  should  be 
planted  with  vegetation.  The  upper  surface 'of  all  level(s)  for  a  dis- 
tance of  at  least  200  meters  from  the  superior  crest  should  be  kept 
carefully  drained.  During  operations  working  levels,  when  needed, 
should  be  kept  at  least  10  meters  wide." 

I  only  quote  this  to  show  that  it  is  a  mistake  to  suppose  that  there 
are  no  slips. 

The  Chairman.  General,  is  that  an  official  document? 

General  Hains.  Yes,  sir. 

(General  Hains  was  requested  by  the  committee  to  obtain  a  dozen 
copies  of  the  report  for  the  use  of  the  committee,  and  stated  that  he 
would  do  so.) 

The  Chairman.  Now,  General,  kindly  proceed  with  your  statement. 

General  Hains.  Another  reason  for  preferring  the  lock  canal  is  that 
it  affords  a  better  regulation  of  the  Chagres  during  freshets.  The 
regulation  of  the  Chagres  River  during  freshets  is  a  very  important 

Suestion.  The  lack  of  preparation  on  the  part  of  the  French  in  the 
rst  case — that  is,  under  the  De  Lesseps  Company — was,  1  think, 
largely  due  to  the  fact  that  they  did  not  provide  for  a  good  regulation 
of  the  freshets.  This  large  lake,  which  is  over  103  or  104  miles.  I 
think,  in  area,  is  so  large  that  all  these  freshets  that  come  in  from  the 
little  streams  or  from  the  Chagres  River  itself  come  in  there  and  cause 
no  trouble  at  all,  because  these  freshet  waters  are  dumped  right  into 
still  water,  and  there  is  no  trouble  about  it,  except  that  it  rises  a  little. 
But  it  takes  a  great  deal  of  water,  you  know,  to  make  a  foot  of  rise 
on  a  lake  that  is  104  miles  in  area;  and  then  they  have  the  spillway  to 
regulate  the  flow,  anywa3^ 

I  have  already  spoken  of  the  currents  in  the  sea-level  canal;  and 
that  is  another  reason  whv  I  prefer  the  other,  the  lock  canal.  There 
are  no  currents  in  the  lock  canal.  The  lock  canal  is  the  kind  of  canal 
that  is  ordinarily  understood  when  we  us^^  the  word  ''  canal."  A  canal 
does  not  generally  have  a  swift  current  in  it,  and  there  is  no  current 
in  that  canal;  so  that  that  is  another  reason. 

Senator  Kittredge.  Do  you  call  a  current  moving  at  the  rate  of 
2i  miles  an  hour  a  swift  current? 

General  Hains.  Yes,  sir;  I  do.     For  a  big  ship,  I  do. 

Senator  Ankeny.  Do  we  understand,  General,  that  this  drift  of  the 
Chagres  waters  will  make  what  we  call  at  sea  a  2i-mile  drift?  You 
had  some  computation  of  your  own  about  the  Chagres  waters  that  I 
do  not  understand;  but  is  it  what  a  seaman  would  call  a  2i-mile 
current? 

General  Hains.  A  2i-mile  current;  yes,  sir. 

Senator  Ankeny.  You  have  to  meet  that  to  stand  where  you  are? 

General  Hains.  That  is  what  you  have  to  do.  If  you  are  sailing 
with  the  current  you  have  to  keep  steerageway  in  that  current,  and 
that  necessitates  your  going — well,  if  you  wanted  to  make  4  miles  an 
hour  against  that  current  you  would  be  making  only,  really,  li. 

Senator  Ankeny.  In  other  words,  you  have  to  meet  the  2i-mile 
drift? 

General  Hains.  That  is  what  you  have  to  do. 

Senator  Ankeny.  Yes;  thank  you. 

General  Hains.  There  is  another  reason  which,  perhajjs,  many  per- 
sons will  regard  as  not  a  ver^^  strong  one,  but  I  thmk  it  is  a  reason  of 
sojne  account — that  a  sea-level  canal  after  it  is  finished  is  not  finished. 
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That  is,  I  mean  that  that  sea-level  canal  (referring  to  majority  plan)  is 
not  finished,  and  it  ne^t^r  will  be  finished;  and  there  is  ^oing  to  be  a 
constant  demand  for  widening  and  deepening  or  somethmg  or  other, 
and  I  think  it  is  going  to  be  a  drain  on  the  Treasury  which,  I  think,  is 
unnecessary. 

Another  reason  is  that  a  lock  canal  is  a  fresh-water  lake.  It  has  a 
large  fresh- water  lake  in  it;  and  while  this  may  not  be  of  great  value, 
still  it  is  a  good  thing  to  have  this  large  area  in  here  in  which  vessels 
can  anchor  and  clean  their  bottoms.  If  the  amount  of  commerce  that 
is  being  provided  for  ever  goes  through  that  canal  those  lakes  will  be 
very  useful  for  a  vessel  to  stop  and  clean  in. 

Senator  Ankeny.  Do  you  not  think,  General,  that  there  is  a  good 
deal  of  nonsense  about  fresh  water  relieving  a  ship  of  her  barnacles? 

General  Hains.  Fresh  water  does  not  relieve  a  ship  of  barnacles, 
Senator. 

Senator  Ankent.  Can  you  not  clean  your  ship  in  any  other  place 
just  as  well,  then? 

General  Hains.  You  could,  in  fresh  water.  What  I  am  referring 
to  in  speaking  of  cleaning  is  the  destruction  of  the  marine  growth,  like 
grass,  that  forms  on  the  Dottom  of  a  ship. 

Senator  Ankeny.  You  did  not  have  the  barnacle  altogether  in  mind, 
then  ( 

General  Hains.  No,  sir;  I  did  not  have  the  barnacle  in  mind. 

Senator  Ankeny.  But  you  are  familiar  with  what  is  so  often  said 
about  that? 

General  Hains.  Yes.  I  do  not  think  you  will  clean  oflf  the  barnacles 
down  there.  I  think  there  is  only  one  safe  way,  one  proper  way,  to 
clean  off  barnacles,  and  that  is  to  dock  your  ship. 

Senator  Ankeny.  Yes;  that  is  right. 

General  Hains.  But  the  grass  and  that  stuff  that  grows  on  a  vessel 
whenever  it  is  in  the  tropics  for  any  length  of  time  would  drop  off 
itself  in  fresh  water. 

Another  reason  is  that  the  lock  canal  can  be  deepened  more  readily 
and  widened  at  less  cost  than  the  sea-level  canal.  It  would  be  a  very 
slight  expense  to  raise  the  canal  walls  and  the  height  of  the  lock  gate« 
and  the  spillway  in  order  to  get,  say,  1  or  2  or  3  feet  additional, 
whereas  to  get  additional  depth  in  the  sea-level  canal  would  be  a  very 
expensive  operation. 

I  think  there  is  considerable  uncertainty  in  the  estimates,  from  this 
cause:  The  uncertain  elements  are  much  greater  in  the  case  of  a  sea- 
level  canal.  There  is  an  uncertainty  about  those  slopes  in  the  Culebra 
cut,  and  there  is  considerable  uncertainty  as  to  the  damage  you  will 
get  in  constructing  that  sea-level  canal.  Those  uncertainties  do  not 
appply  to  the  other  canal. 

Tne  sea- level  canal  also  has  a  large  amount  of  rock  excavation  below 
tide  level  in  it. 

There  is  another  point,  and  that  is  in  regard  to  the  claim  that  ha^ 
been  made  that  the  lock  gates  in  the  sea-level  canal  can  be  kept  open 
half  the  time.  I  think  that  is  decidedly  an  error.  I  think  we  will 
find  in  the  Panama  Canal  just  the  same  thing  that  occurred  in  the  Kiel 
Canal  They  thought  they  were  going  to  keep  the  gates  open  there 
most  of  the  time,  and  the}'  find  that  they  can  not  do  it.  Thev  find  that 
they  have  to  keep  those  gates  closedr  I  have  not  a  drawing  of  the 
gatCv^,  but  I  suppose  you  understand  Very  well  that  you  will  have  two 
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sets  of  gates,  one  working  in  one  direction  and  the  other  working  in 
the  opposite  direction. 

You  have  a  rise  and  fall  of  the  tide  on  the  Pacific  end,  and  a  con- 
stant level  in  your  canal,  or  very  nearly  constant,  and  this  rise  of  the 
tide  at  times  ranges  from  about  5  or  6  feet  above  mean  sea  level  to 
about  10  or  11  feet,  and  it  falls  from  about  5  to  6  feet  below  that 
plane,  making  a  total  oscillation  of  something  like — I  think  the  mini- 
mum there  is  about  9  or  10,  and  the  maximum  about  21. 

These  tides  occur  twice  a  day.  You  will  have  two  low  tides  and  two 
high  tides.  The  conseauence  is  that  as  soon  as  the  tide  begins  to  rise, 
say,  your  gates  would  be  open,  your  canal  is  at  mean  sea  level,  ana 
you  have  your  gates  open,  and  that  is  the  level  on  the  Pacific  side. 
You  have  your  gates  all  opened.  Now,  as  soon  as  the  tide  begins  to 
rise  you  must  close  them.  You  must  close  the  upper  ones  in  order  to 
lock  down.  There  will  be  great  difliculty  in  closing  those  gates  as 
soon  as  the  current  begins  to  run  through  there.  That  current  has 
been  found  at  the  end  of  the  Kiel  Canal  to  be  very  troublesome,  so 
that  now  they  keep  those  gates  closed  all  the  time.  The  conditions  are 
not  very  much  ditterent  there,  either,  because  they  do  not  have  as  much 
rise  and  fall  of  the  tides  as  we  have  at  Panama;  but  they  do  have 
strong  tides  that  cause  considerable  rises. 

Senator  Kittredge.  Accompanied  by  wind  i 

Genei*al  Hains.  Yes,  sir. 

1  think  the  picture  of  a  vessel  damaging  the  canal  by  going  through 
the  locks,  plunging  down  through  a  gate,  and  all  that  sort  of  thing,  is 
very  much  overdrawn.  There  is  no  diflSculty,  to  my  mind,  in  provid- 
ing a  temporary  structure  that  could  be  sunk  down  in  the  foundation 
just  ahead  of  the  upper  lock-gates,  so  that  in  case  anything  happened 
below  you  could  raise  it  just  like  you  raise  one  of  the  Stoney  gates. 
The  Stoney  gates  are  built  certainly  over  30  feet  wide,  I  know,  and  1 
do  not  know  how  much  wider;  but  a  caisson  could  be  sunk  into  the 
foundation  there  which  could  be  raised  without  any  great  trouble. 
That  would  cut  off  that  water  before  it  had  created  any  great  damage. 
I  do  not  mean  to  say  that  it  would  not  damage  anything  at  all,  but  it 
would  not  be  nearly  so  great  as  one  might  suppose. 

As  to  the  difference  of  danger  in  time  of  war,  I  do  not  think  there 
is  much  difference.  I  think  a  neutral  canal  would  be  the  best  protec- 
tion that  you  could  give  it.  There  is  no  canal  down  there  that  is 
Sing  to  be  of  any  use  to  the  United  States  unless  we  command  the 
ribbean  Sea;  and  you  may  fortify  it  all  you  please  and  it  will  not 
do  any  good.  You  will  merely  create  a  military  outpost  down  there 
which  is  hard  to  reach,  but  which  it  will  be  necessary  to  reach  and 
keep  up  communication  with,  and  it  would  hamper  the  Navy  to  such 
an  extent  that  I  think  the  efliciency  of  the  Navy  would  be  ver}'^  much 
reduced. 

Senator  Kittredge.  May  I  interrupt  you  right  there  ^  Do  1  under- 
stand you.  General,  to  say  that  you  think  that  in  the  event  of  war 
this  Government  would  be  better  off  without  the  canal  than  with  it? 

General  Hains.  No,  sir;  I  did  not  say  that. 

vSenator  Kittredge.  Just  what  did  you  mean  by  your  last  statement? 

General  Hains.  I  spoke  of  a  neuti-al  canal.  1  say  that  I  do  not  think 
there  is  any  great  difference  as  to  the  danger  of  the  canal  being  destroyed, 
we  will  say,  temporarily  or  permanently,  during  war,  but  tliat  I  would 
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rather  depend  on  the  neutrality  of  the  canal  than  on  anything  else  to- 
defend  it. 

Senator  Morgan.  But,  General,  you  do  not  think  a  neutral  canal 
there  is  possible  when  we  are  engaged  in  belligerency  with  a  great 
power?  We,  as  a  neutml,  can  not.  permit  the  vessels  of  any  great 
power  to  pass  through  there  when  we  are  at  war  with  it,  if  they  are 
going  out  west  to  attack  our  Pacific  coast,  or  coming  in  to  attack  the 
Atlantic  coast  with  a  great  fleet,  can  we?  We  coulanot  endure  that 
kind  of  neutrality. 

General  Hains.  Well,  Senator,  there  is  this  about  it:  Any  navy  that 
can  force  its  way  to  the  canal  is  going  to  render  the  canal  absolutely 
useless  to  us. 

Senator  Morgan.  W^hy,  of  course;  that  is  unquestionable.  We 
would  have  no  commerce. 

Genei-al  Hains.  If  you  will  allow  me,  I  would  mther  pass  that 
matter  over  just  now. 

Senator  Morgan.  Yes. 

General  Hains.  Now,  I  want  to  speak  with  reference  to  the  slopes 
in  the  Culebra  cut. 

The  slopes  in  the  Culebra  cut  of  the  sea-level  project  above  the 
50-foot  berm — that  is  this  [indicating] — are  taken  as  3  vertical  to  2  base 
in  what  is  classed  as  rock,  and  1  vertical  to  2  base  in  earth  or  clay. 
Those  for  the  lock  project  are  the  same,  but  in  the  lock  project 
provision  is  made  for  an  exti*a  berm  for  every  150  feet  rise.  That 
18,  they  have  an  extra  berm  here  for  every  rise  of  150  feet.  There  is 
not  much  of  a  distance  where  3^ou  have  over  150  feet,  but  you  can  see 
that  this  wide  berm  ^ives  a  good  chance  for  any  slips  that  may  occur. 

The  Chairman.  W  hat  is  the  width  there.  General,  at  the  top? 

General  Hains.  Fifty  feet.  The  slopes,  therefore,  in  the  lock  plan 
are  flatter  and  safer  and  approach  more  nearly  those  heretofore  used 
for  estimating  purposes.  The  technical  committee  of  the  French 
company  adopted  slopes  of  about  1  on  1.  The  Isthmian  Canal  Com- 
mission of  1899  adopted  slopes  of  1  on  1.  Mr.  Wallace,  former  chief 
engineer  of  the  Panama  Canal,  in  his  estimates  adopted  slopes  above 
the  berm  of  1  on  1.  In  Mr.  Wallace's  report  of  February  1,  1905, 
made  to  the  Isthmian  Canal  Commission  (I  think  you  have  it  here;  1 
saw  somebody  have  it  yesterday),  he  gives  an  estimate  of  the  cost  of 
making  the  excavation  from  Bohio  to  Miraflores  for  a  sea-level  canal 
150  feet  wide  and  85  feet  deep,  with  berms  50  feet  wide,  and  with 
slopes  of  1  on  1  above  the  berm  and  1  on  2  below  it.  You  understand 
what  it  is— that  is,  1  on  2  in  that  lower  end  [indicating  on  map]. 

Senator  Ankeny.   \Vhat  degree  is  that^ 

General  IIains.  One  on  2  would  be  about  30  degrees  to  the  hori- 
zontal, I  think  it  is.     This  is  1  on  2  [indicating]. 

Senator  Ankeny.  Forty-five  degrees? 

(leneral  Hains.  No,  sir;  that  is  not  45.  This  other  is  45.  One  on 
1  is  45.     That  is  flatter. 

The  quantity  of  excavation  between  Bohio  and  Mirafloi'es  estimated 
by  Mr.  Wallace  for  a  sea-level  canal  is  given  as  250,000,000  cubic 
yards.  The  amount  of  excavation  is  for  a  canal  35  feet  deep  and  150 
feet  wide  at  the  bottom. 

The  estimate  of  the  Consulting  Board  for  this  portion  of  the  sea- 
level  canal  is  17t),005,291  cubic  yards,  but  the  canal  is  40  feet  deep- 
throughout  the  entire  distance  between  Bohio  and  Miraflores,  and 
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more  than  one-half  of  it  is  200  feet  wide.  In  other  words,  the 
estimated  excavation  for  this  part  alone  of  the  larger  canal  is  about 
74,000,000  cubic  yards  less  than  the  smaller  one.  Now,  had  the  esti- 
mate of  the  Consulting  Board  been  based  on  the  same  slopes  that  were 
used  by  Mr.  Wallace  in  his  estimates  for  this  portion  of  the  canal,  the 
total  quantity  of  excavation  would  not  have  been  less  than  about 
285,000,000  cubic  yards. 

1  do  not  claim  that  Mr.  Wallace's  estimates  are  more  nearly  correct 
than  those  of  the  majoriU^  of  the  Consulting  Board,  but  they  are  cer- 
tainly safer  estimates.  The  errors,  4f  any,  are  more  likely  to  be  on 
the  safe  side,  and  the  liability  to  errors  is  great. 

The  engineering  committee  of  the  Isthmian  Canal  Commission,  in 
its  report  of  February  14,  1905,  adopted  Mr.  Wallace's  estimates  for 
that  portion  of  the  canal,  as  will  be  seen  by  the  resolution  unani- 
mously adopted  by  that  committee  and  referred  to  on  page  14  of  their 
report. 

Has  any  new  data  been  brought  to  light  that  justifies  the  use  of 
these  steeper  slopes  in  estimating  the  quantities  of  excavation  ?  1  cer- 
tainly know  of  none,  and  I  am  quite  sure  that  the  character  of  the 
material  has  not  changed  within  tne  past  year. 

I  speak  of  this  for  the  purpose  of  showing  that  the  sea-level  advo- 
cates have  adopted  much  steeper  slopes  than  have  ever  been  used  here- 
tofore for  estimating  purposes. 

Now,  these  slopes  may  stand.  I  do  not  say  that  they  will  not;  but 
I  think  it  is  very  unsafe  to  adopt  such  steep  slopes  when  there  is  a 
good,  strong  possibility  that  they  will  not  stand. 

Senator  Ivittredge.  In  other  words,  you  would  eliminate  all  possi- 
ble danger? 

General  Hains.  Well?  I  do  not  think  I  would  eliminate  it  altogether 
by  taking  slopes  of  1  on  1 ;  but  I  think  I  would  come  nearer  to  elimi- 
nating it  than  by  taking  anything  steeper. 

Senator  Kittredge.  In  other  words,  you  would  advise  us  to  take 
the  absolutely  sure  course? 

General  Hains.  Well,  I  do  not  know  that  1  on  1  is  absolutely  sure, 
but  it  is  certainly  safer  than  any  steeper  slope,  and  1  on  1  is  the  slope 
that  has  been  adopted  heretofore  in  all  the  estimates — about  1  on  1. 
The  French  had  very  nearly  the  same  thing;  we  had  the  same  thing — 
that  is^  the  Isthmian  Canal  Commission  had  the  same  slopes,  and  Mr. 
Wallace  used  the  same  slopes,  but  the  Consulting  Board,  after  their 
examination,  came  to  the  conclusion  that  you  could  put  in  a  great  deal 
steeper  slopes. 

Senator  KirrREDOE.  You  advise  taking  the  safe  course? 

General  Hains.  I  advise  taking  the  safer  course. 

Senator  Kittredge.  And  that  is  true  of  every  matter,  I  suppose, 
connected  with  the  canal  proposition  i 

General  Hains.  Well,  1  do  not  know  that  that  would  be  true.  There 
might  be  some  things  where  the  total  advantages  on  one  side  would 
outweigh  a  course  that  would  be  perfectly  safe,  and  you  might  be  will- 
ing to  take  some  risks  on  something;  and  possibly  you  would  take 
risks  on  this.  I  would  prefer  not  to,  in  the  estimates.  I  am  onlj^ 
speaking  of  the  estimates.  The  tendency  of  this  is  to  reduce  the  esti- 
mate of  the  sea-level  project  to  a  greater  extent,  proportionately,  than 
the  estimates  for  the  lock-canal  project. 
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Senator  KiTTREDGE.  In  other  words,  "in  case  of  doubt  take  the 
safe  course."    Is  that  it? 

General  Hains.  No;  I  do  not  say  that  exacttl}-,  either.  In  respect  of 
the  expenditure  of  so  much  money,  I  tWnk  the  estimates  for  the  sea- 
level  project  will  certainlv  be  something  like  $150,000,000 — from 
$125,000,uOO  to  $150,000,000,  say— more  than  for  the  other  canal. 
That  is  my  opinion;  and  I  do  not  see  that  there  is  sufficient  reason  for 
spending  that  additional  money,  even  though  the  sea-level  canal  had 
some  advantages. 

As  another  reason,  I  think  that  the  lock  canal  is  really  a  shorter 
canal  than  a  sea-level  canal.  By  cutting  off  through  here  [indicating] 
you  can  reduce  the  length  of  that  canal  1  mile.  That  does  not  amount 
to  much,  but  still  it  is  something. 

I  think  there  is  another  objection.  I  think  that  in  a  great  project 
like  this,  involving  a  large  expenditure  of  money,  extended  over  a 
prolonged  period,  the  people  may  become  tired  of  appropriating 
money  and  refuse  to  complete  it.  1  do  not  think  that  is  an  imaginary 
proposition. 

Senator  Morgan.  That  is  where  the  whole  work  is  going  to  break 
down  unless  we  succeed  in  getting  something  that  they  can  under- 
stand, and  that  they  feel  that  they  can  face.  It  will  all  "go  to  pot" 
unless  we  do  it. 

General  Hains.  I  have  a  note  here  on  the  subject  of  the  opinions 
of  different  engineers  on  this  subject. 

The  first  canal  that  was  attempted  to  be  built  on  the  Isthmus  was  a 
sea-level  canal,  substantially  the  same  sea-level  canal  that  is  now  pro- 
posed by  the  majority  of  the  Board  of  Consulting  Engineers.  It  occu- 
Eles  the  same  location  in  the  territory.  It  provides  for  a  high  dam  at 
amboa  and  the  holding  back  of  the  waters  of 'the  Chagres  River  above 
that  dam,  and  differs  from  that  of  the  Consulting  Board  only  in  some 
of  its  details.  The  plan  of  the  Consulting  Board,  of  course,  enlarges 
that  of  the  first  French  company,  and  extensive  changes  are  made  at 
the  two  harbors;  but  essentially  it  is  the  old,  discredited  De  Lesseps 
projec^t  of  the  sea-level  canal  revived,  with  enlargements  and 
modifications. 

After  the  failure  of  the  first  company  a  body  of  engineers  known 
as  the  Commission  d'Etudes,  composed  of  eleven  engineers  eminent  in 
their  profession  in  Europe,  was  organized  by  the  Liquidator  in  1889. 
After  a  careful  stud}'^  of  the  technical  questions  involved  in  the  prob- 
lem of  the  canal,  it  rendered  its  report  in  1889.  This  commission 
reported  in  favor  of  the  abandonment  of  the  sea-level  canal  and  the 
adoption  of  a  project  for  the  completion  of  a  canal  with  locks.  Sub- 
sequently another  commission,  known  as  the  Comite  Technique,  was 
organized,  composed  of  fourteen  engineers,  many  of  them  engineers 
of  the  highest  standing  in  the  civilized  world.  They  made  a  report  in 
1898,  rertommendinof  ji  lock  canal. 

Another  commission,  known  as  the  Comite  Statutaire,  composed  of 
five  members,  and  all  except  one  of  them  being  new  men,  reported  in 
favor  of  a  lock  canal.  I^ater  the  Isthmian  Canal  Commission  rejected 
the  sea-level  plan  and  adopted  the  lock  plan.  There  were  six  engineers 
in  that  Commission,  so  that  there  were  no  less  than  thirty-four  engineers 
opposed  to  the  sea-level  plan.  It  is  believed  that  the  weight  of  evidence 
against  the  sea- level  project  and  in  favor  of  the  lock  project  can  not  be 
ignored  in  making  a  decision. 
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Here  follow  the  names  of  the  enginiers  referred  to.  I  will  not  read 
them,  because,  in  fact,  I  do  not  believe  1  could  pronounce  them  all 
correctly,  any  way. 

Senator  Morgan.  They  will  go  into  the  record,  though. 

General  Hains.  But  there  they  are. 

Senator  Morgan.  Lamberton  was  one  of  them,  was  he  not? 

General  Hains.  No,  sir. 

(By  direction  of  the  committee,  the  following  names,  referred  to 
above  by  General  Hains,  are  printed  as  a  part  of  the  record): 

M.  Guillemain,  inspector-general  and  director  of  the  National  School 
of  Bridges  and  Routes  of  Communication. 

M.  Cnaper,  engineer  in  the  corps  of  mining  engineers. 

M.  Cousin,  engineer  in  the  corps  of  bridges  and  routes,  of  Belgium, 
and  professor  in  the  University  at  Louvain. 

M.  V.  Daymard,  formerly  naval  engineer,  chief  engineer  of  the 
Trans- Atlantic  Steamship  Company. 

M.  Descubes  Du  Chatenet,  engineer  in  the  corps  of  mining  engi- 
neers. 

M.  Germain,  hydrographic  engineer  of  the  navy. 

M.  Holtz,  chief  engineer,  and  professor  in  the  National  School  of 
Bridges  and  Routes  of  Communication. 

M.  Lagout,  engineer  in  the  corps  of  bridges  and  routes  of  com- 
munication. 

M.  Nivoit,  chieiF  engineer  in  the  corps  of  mining  engineers,  and 
professor  in  the  National  School  of  Bridges  and  Routes  of  Communi- 
cation. 

M.  Renoust  Des  Orgeries,  inspector-general  in  the  corps  of  bridges 
and  routes  of  communication,  retired. 

M.  Van  Zuylen,  colonel  of  engineers,  and  formerly  chief  engineer 
of  the  army  of  Holland  in  the  East  Indies. 

M.  Robaglia,  inspector-general  of  the  corps  of  bridges  and  routes 
of  communication,  retired. 

M.  Bouvier,  inspector-general  of  the  corps  of  bridges  and  routes  of 
communication,  retired. 

Gen.  H.  L.  Abbot,  colonel  of  the  Corps  of  United  States  Engineers, 
retired. 

M.  Castel,  inspector-general  of  the  corps  of  mines,  retired. 

M.  Fargue,  inspector-general  of  the  corps  of  bridges  and  routes  of 
communication,  retired. 

M.  Ftely,  chief  engineer  of  the  aqueduct  commission  of  New  York 
City,  and  past  president  of  the  Society  of  Civil  Engineers. 

M.  Fulscher,  consulting  engineer  of  the  ministry  of  public  works  of 
Prussia,  and  formerly  chief  engineer  of  the  Kiel  Canal. 

M.  Hersent,  civil  engineer,  constructing  the  new  docks  at  Antwerp. 

M.  Hunter,  chief  engineer  of  the  Manchester  Ship  Canal. 

M.  Koch,  consulting  engineer  of  public  works,  director  of  the 
Technical  Academy  at  Darmstadt.  Formerly  technical  member  of  the 
imperial  commission  of  the  Kiel  Canal. 

M.  Jules  Martin,  inspector-general  of  the  corps  of  bridges  and 
routes  of  communication,  retired. 

M.  Skalkowski,  formerly  director  of  the  department  of  mines  in  the 
ministry  of  agriculture  and  State  propert}'  of  Russia. 

M.  Sosa,  chief  engineer  of  Colombia  (graduate  of  the  Troy  Poly- 
technic Institute,  New  York). 
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M.  Paul  Etienne,  chief  engineer  of  the  corps  of  bridges  and  routes 
of  communication, 

M.  Joseph  Barba,  formerly  engineer  in  the  French  navy  and  chief 
engineer  at  the  iron  works  at  Creusot. 

M.  Marcel  Bertrand,  member  of  the  Institute  of  France,  chief  engi- 
neer in  the  corps  of  mines,  and  prof e.ssor  of  geology  at  the  National 
Higher  School  of  Mines. 

M.  Philippe  Zurcher,  chief  engineer  of  the  corps  of  bridges  and 
routes  of  communication. 

Mr.  George  S.  Morison.     • 

Lieut.  Col.  Oswald  H.  Ernst,  Corps  of  Engineers,  U.  S.  Army. 

Mr.  Lewis  M.  Haupt,  civil  engineer. 

Mr.  Alfred  Noble,  civil  engineer. 

Col.  Peter  C.  Hains,  Corps  of  Engineers,  U.  S.  Army. 

Mr.  William  H.  Burr,  civil  engineer. 

General  Hains.  In  this  connection  I  quote  the  following  extract 
from  a  letter  from  Chief  Engineer  Stevens.  He  states  in  the  letter 
that  "of  the  engineers  who  are  now  on  the  Isthmus  in  the  employ 
of  the  Commission,  of  all  ranks,  of  all  degrees  of  experience  and 
knowledge,  I  have  j^et  to  find  a  single  man  who  is  in  favor  of  a  sea- 
level  canal.  Most  of  them  are  very  outspoken  against  such  a  proposi- 
tion; and  while  it  may  be  said  that  they  are  not  world-wide  men  in 
technical  knowledge  and  experience,  I  claim  that  an  intimate  knowl- 
edge of  the  conditions  obtained  by  a  residence  of  months  and  years  on 
the  ground  is  of  far  more  value  than  any  theories  or  any  conclusions 
which  may  be  drawn  from  existing  works  in  other  parts  of  the  world 
which  bear  not  the  slightest  resemblance  to  the  proposition  at  Panama." 

Senator  Kittredge.  Will  you  give  the  date  of  that  letter? 

General  Hains.  December  19. 

Senator  Kittredge.  To  whom  was  it  addressed? 

General  Hains.  To  the  chairman  of  the  Commission. 

Senator  Kittredge.  Will  3^ou  please  have  that  entire  letter  sent  up  ? 

General  Hains.  I  suppose  the  chairman  will.  The  chairman  of  tne 
Commission  will  send  it  to  you,  I  suppose. 

Senator  Kittredge.  Will  you  see  that  it  is  done  i 

Genei-al  Hains.  I  shall  speak  to  him  about  it;  yes. 

Senator  Kittredge.  Returning  to  the  question  I  asked  3'ou  before 
you  began  to  make  vour  statement  and  relating  to  the  matter  that  you 
have  just  raentionecf,  I  call  your  attention  to  an  article  by  Rear- Admiral 
Chester,  found  in  the  National  Geographic  Magazine  for  October,  1005, 
vol.  16,  No.  10,  and  read,  as  follows: 

'*  While  on  the  Isthmus  during  the  latter  part  of  1887  I  ventured  to 
ask  Mr.  Charles  de  Lesseps,  who  was  then  tne  company's  manager,  if 
he  really  expected,  as  was  then  widely  published,  that  the  canal  would 
be  oompletea  the  following  year.  He  replied  that,  while  he  would  not 
like  to  have  it  known,  he  did  not  mind  telling  me  that  in  order  to  com- 
plete it  at  that  time,  as  well  as  to  procure  a  revenue  for  continuing 
digging  down  to  sea  level,  the  company  might  be  forced  to  the  lock  sys- 
tem of  construction.  This  would  surely  be  accomplished  in  the  end'  — 
that  is,  the  sea-level  proposition. 

General  Hains.  On,  yes. 

Senator  Kittredge.  I  move  that  we  adjourn  until  half  past  2. 

Senator  Morgan.  Just  one  question  before  we  go. 

The  Chairman.  All  right,  Senator. 
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Senator  Morgan.  General,  if  the  country  between  Gamboa  and 
Pedro  Miffuel  was  as  open  and  as  easy  of  being  cut  through  by  digging 
or  by  dredging  as  the  country  between  Bohio  and  Gamboa,  would  you 

I)refer  a  lock  canal  across  between  Gamboa  and  Pedro  Miguel  to  a  sea- 
evel  canal  through  that  same  area? 

General  Hains  (after  a  pause).  I  do  not  know  that  1  could  answer 
your  question  offhand;  but  I  am  rather  inclined  to  think,  Senator, 
that  1  would  prefer  a  sea-level  canal  under  those  circumstances. 
Senator  Morgan.  That  is  all  1  wanted  to  ask. 
(The  committee  thereupon  took  a  recess  until  2.30  o'clock  p.  m.) 

AFTER  RECESS. 

STATEMENT  OF  BRIG.  GEN.  PETEB  G.  HAINS— Continued. 

The  Chairman.  General,  are  you  through  with  your  statement? 
Had  you  finished  when  we  took  the  recess? 

General  Hains.  I  do  not  think  there  is  anything  else  that  I  care  to 
speak  about. 

The  Chairman.  Senator  Morgan,  will  you  take  the  matter  up  with 
the  General? 

Senator  Morgan.  Yes.  General,  you  were  on  the  Board  of  Con- 
sulting Engineers,  were  you? 

General  Hains.  No,  sir. 

Senator  Morgan.  You  were  on  the  Commission? 

General  Hains.  I  am  on  the  Commission. 

Senator  Morgan.  The  only  questions  that  were  submitted  to  the 
Commission  with  respect  to  the  type  of  the  canal  were  a  lock  canal 
over  the  entire  width  of  the  Isthmus  or  a  sea  lev  el  canal  under  the 
entire  width  of  the  Isthmus,  were  they  not? 

General  Hains.  Well,  there  were  several  different  types  of  lock 
canals. 

Senator  Morgan.  But  I  speak  of  the  question  submitted  by  the 
President. 

General  Hains.  He  directed  us  to  submit  such  plans  as  had  been 
proposed  to  or  might  be  proposed  by  us  to  the  Consulting  Board. 

Senator  Morgan.  Well,  the  only  two  plans  you  conferred  about  were 
a  lock  canal  and  a  sea-level  canal  i 

General  Hains.  Those  are  the  only  things  that  3^ou  could  have.  It 
is  a  question  between  a  canal  with  locks  or  a  sea-level  canal. 

Senator  Morgan.  A  canal  with  locks  meant  a  canal  with  locks  clear 
across  the  Isthmus? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  Not  partially  across  ? 

General  Hains.  No,  sir. 

Senator  Morgan.  You  did  not  cH)nfer  together  or  consult  together 
about  the  question  of  a  canal  that  would  be  partly  a  sea-level  canal  and 
partly  a  lock  canal  ? 

Gerteral  Hains.  Yes,  sir ;  we  did  that.  You  know  the  project  of 
the  Isthmian  Canal  Commission  itself  is  partly  a  sea-level  canal. 

Senator  Morgan.  How  far  ? 

General  Hains.  From  Bohio  to  the  Atlantic  it  is  sea-level,  and  from 
Miraflores  to  the  Pacific  it  is  sea-level. 
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Senator  Morgan.  That  is  the  old  Isthmian  Canal  proposition.  That 
is  what  you  mean  'i 

General  Hains.  Yes,  sir. 

Senator  Morgan.  The  proposition  of  the  Walker  Exploration  Com- 
mission { 

General  Hains.  Yes,  sir.     That  was  the  French  project,  too. 

Senator  Morgan.  With  a  dam  and  locks  at  Bohio? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  And  at  Pedro  Miguel  and  Miraflores  on  th«  other 
side? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  Then  it  would  be  dredged  out  to  a  sea-level  canal 
from  that  out? 

General  Hains.  To  sea  level  from  that  out. 

Senator  xVIorgan.  The  canal  as  recommended  by  the  Walker  Com- 
mission of  exploration  was  a  sea-level  canal  to  Bohio? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  And  a  lake  canal  from  that  up  across  the  divided 

General  Hains.  Yes,  sir. 

Senator  Morgan.  With  an  85-foot  elevation  if 

General  Hains.  Yes,  sir. 

Senator  Morgan.  And  then  a  sea-level  canal  from  Miraflores  out 
into  the  Pacititc — out  into  the  bay  ? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  If  you  had  absolute  certainty  of  putting  in  a  dam 
at  Bohio  would  you  not  be  disposed  to  adher  to  that  plan  i 

General  Hains.  I  would  be  willing:  to  build  that  plan,  but  I  think 
with  a  good  lock  site  at  Gatun  I  would  prefer  to  build  the  Gratun  lake 
rather  than  the  Bohio  lake. 

Senator  Morgan.  Yes;  with  a  good  lock  site? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  And  how  about  a  dam  site? 

General  Hains.  And  a  good  dam  site. 

Senator  Morgan.  I  suppose,  of  course,  you  have  examined  carefully 
and  exhaustively  the  proposed  site  for  a  dam  at  Gatun  and  the  site  for 
a  spillway  cut  througn  the  hill  there  i 

General  Hains.  \  es,  sir. 

Senator  Morgan.  And  the  site  for  the  locks  on  the  right  bank  of 
the  Chagres? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  Have  you  no  misgivings  as  to  the  canal  that  is 
proposed  to  be  built  there,  as  to  its  permanency? 

General  Hains.  No,  sir;  I  think  the  dam  will  be  permanent,  and  the 
site  for  the  locks  is  a  good  one. 

Senator  Morgan.  Does  it  furnish  an  extensive  length  of  earth,  with 
sufficient  foundation  for  three  twin  locks  in  flight,  to  accommodate  a 
ship  900  feet  long? 

General  Hains.  Ample. 

Senator  Morgan.  You  have  made  measurements,  and  3'ou  haye  sat- 
isfied yourself^ 

General  Hains.  I  have  examined  the  drawings  that  we  have,  and 
when  that  question  was  raised  a  short  time  ago — a  few  days  ago,  in 
fact — Mr.  Stevens  was  asked  to  report  on  it,  and  he  made  a  report.    1 
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believe  the  substance  of  it  was  read  yesterday  by  General  Ernst,  say- 
ing that  there  was  room  enough  to  put  a  flight  of  three  locks  in  tan- 
dem, and  have  each  lock  over  1,100  feet  long. 

Senator  Morgan.  To  be  permanent  and  satisfactory  and  safe,  within 
engineering  comprehension  and  calculation,  those  locks  should  be 
underlaid  by  a  rock  foundation  'i 

General  Hains.  Yes,  sir;  that  is  what  the^^  are. 

The  Chairman.  Senator  Morgan,  there  is  a  paper  that  was  sent  into 
the  room  this  morning  bv  Mr.  Shouts,  and  I  think  I  will  hand  it  to 
General  Hains,  and  he  might  read  it  and  have  it  go  into  the  record. 
It  seems  to  pertain  to  the  Gatun  dam  [handing  paper  to  General 
Hains]. 

General  Hains.  1  have  never  seen  this  (cablegram. 

The  Chairman.  One  is  a  cablegram  from  Mr.  Shonts  to  Mr.  Ste- 
vens, the  chief  engineer,  and  the  other  is  the  reply  from  Mr.  Stevens 
to  Mr.  Shonts. 

General  Hains  (reading): 

Isthmian  Canal  Commission, 

Washington,  March  26,  1906. 
Sir:  I  have  the  honor  to  transmit,  for  the  information  of  your  com 
mittee,  the  following  cable  correspondence: 

"Stevens:  Wallace  condemned  Gatun  site  because  rock  foundation 
unobtainable  and  indurated  clay  with  gravel  bowlders  and  sand  below 
not  sure  protection  against  seepage.  Platly  contradicted  Stearns  and 
declared  permanency  earthwork  dams  on  Isthmus  not  demonstrated 
by  experience  because  of  different  conditions.  Said  three  locks  in 
flights  dangerous,  because  required  continuous  construction  concrete 
approximately  mile  long,  and  unless  material  uniform  settlement  be 
unequal,  with  disastrous  results; 

''Shonts. 
"March  23,  1906." 


"  Shonts:  In  regard  to  Wallace's  testimony,  character  of  foundation 
Gatun  locks  absolutely  prohibits  the  slightest  chance  of  any  settlement. 
This  can  not  be  too  strongly  emphasized. 

"Stevens." 
March  24,  1906. 

Very  respectfully,  T.  P.  Shonts, 

Chairman. 

Hon.  Joseph  H.  Millard, 

Chairman  Senate  Committee  on  Interoceanic  Canah, 

United  States  Senate,  Washington,  D.  C. 

Senator  Morgan.  Well,  a«  far  as  that  goes,  it  is  first  a  statement  as 
to  what  Mr.  Wallace's  testimony  was. 

General  Hains.  Yes. 

Senator  Morgan.  In  which,  I  think,  he  does  not  represent  Mr.  Wal- 
lace correctly,  as  the  record  will  show.  The  balance  of  it  is  not  the 
statement  of  any  fact,  but  the  statement  of  an  opinion.  Do  you 
know  any  fact  to  show  that  a  rock  foundation — and  I  am  not  talking 
about  an  indurated  clay  foundation — that  a  rock  foundation  can  be  had 
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for  those  locks  at  the-site  of  the  Gatun  dam,  to  be  practically  a  mile 
long?  Have  you  seen  any  borings  that  would  disclose  that  tllere  was 
a  rock  foundation  there  practically  a  mile  long? 

General  Hains.  No,  sir;  I  have  not  seen  the  borings.  1  under- 
stand that  Mr.  Stevens  has  made  a  number  of  borings,  but  we  have 
not  had  a  report  of  them. 

Senator  Morgan.  You  do  not  know  what  they  are? 

General  Hai^s.  No,  sir;  I  do  not. 

Senator  Morgan.  Running  a  line  a  mile  long,  in  which  to  put  three 
locks  of  1,100  feet  you  would  not  know  how  (feep  you  would  have  to 
go  beneath  the  level  of  those  locks  to  strike  rock? 

General  Hains.  I  do  not  know  of  my  own  personal  knowledge,  no. 
Senator;  the  borings  heretofore  made  did  not  cover  the  whole  of  the 
site.  They  changed  the  site  of  the  locks  slightly.  The  line  of  boring, 
however,  which  were  made  a  little  at  an  angle  to  it  showed  good 
foundation. 

Senator  Morgan.  As  far  as  the  borings  extended? 

General  Hains.  Yes,  sir;  and  they  went  as  far  as  it  was  necessary  if 
the  locks  had  been  put  in  that  location. 

Senator  Morgan.  And  at  that  angle? 

General  Hains.  At  that  angle;  but  they  changed  it  and  swung  it 
around. 

Senator  Morg>n.  They  swung  it  around  so  as  to  make  it  more 
directly  parallel  to  the  general  course  of  the  canal  ? 

General  Hains.  I  think  that  was  it.     1  think  so;  yes. 

Senator  Morgan.  The  first  proposition  would  have  brought  the 
ships  into  the  locks  at  an  angle  to  the  canal  ? 

General  Hains.  Yes;  it  runs  off  that  way,  and  they  put  it  in  so  that 
it  will  run  off  in  that  way  [indicating  on  map].     Yes;  that  is  correct. 

Senator  Morgan.  So  far  as  this  committee  is  informed,  that  is  the 
opinion  of  Mr.  Stevens  without  its  being  supported  by  actual  borings 
wnich  he  has  described  to  you  in  any  way.  He  has  not  described  any 
borings  to  you  ? 

General  Hains.  Not  many  borings.  There  are  borings  that  are 
referred  to  in  the  report  of  Mr.  Maltby,  which  he  sent  up. 

Senator  Kittredge.  When  was  that  done?  When  was  the  report 
to  which  you  referred? 

Gt?neral  Hains.  I  think  they  were  made  last  November,  for  the 
Consulting  Board. 

Senator  Morgan.  Well,  we  have  to  leave  that  propositioa,  as  I  take 
it,  as  the  matter  stands  before  the  committee  now,  for  the  want  of 
proper  information. 

I  will  now  turn  across  the  site  of  the  dam,  on  the  blueprint  here. 
In  passing  to  the  westward  from  the  site  of  the  locks  in  the  direction 
of  trie  hill  through  which  the  waste  way  is  to  be  constructed  you  pass 
a  gulch  that  appears  to  have  been  washed  out  of  the  indurated  clav,  in 
the  shape  of  an  inverted  cone,  that  is  put  down  on  this  blueprint  here 
as  being 

General  Hains.  That  is  that  one  over  here  [indicating  on  blueprint]. 
This  is  the  west  one  [indicating]. 

Senator  Morgan.  Is  that  the  west  one? 

General  Hains.  Yes;  that  is  the  first  one. 

Senator  Morgan.  Then  I  will  change  my  question.  You  pass  a 
gulch  that  is  bored  down  to  a  depth  of  210  feet  below  sea  level,  which 
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gulch  is  how  wide  at  sea  level?  I  do  not  know  how  to  compute  it  on 
this  map. 

General  Haixs.  Pretty  nearly  2,000  feet.  A  little  less  than  2,000 
feet  across. 

Senator  Morgan.  That  gulch  is  pretty  nearly  2,000  feet  across? 

General  Hains.  At  the  top;  yes. 

Senator  Morgan.  That  has  also  been  washed  out  of  the  indurated 
<clay? 

General  Hains.  Well,  perhaps. 

Senator  Morgan.  It  is  there  ^ 

General  Hains.  It  is  there. 

Senator  Morgan.  Have  you  any  better  way  to  account  for  it  than 
that  it  has  been  washed  out? 

General  Hains.  I  have  no  better  way  to  account  for  it,  but  I  do  not 
know  whether  that  was  the  way  it  was  formed  or  not. 

Senator  Morgan.  We  do  not  any  of  us  know,  but  we  have  to  take 
the  probabilities  and  compare  them  and  arrive  at  what  we  conceive  to 
be,  at  least,  a  fair  conclusion.  All  of  that  gulch  is  filled  up  with 
permeable  material,  is  it  not? 

General  Hains.  No,  sir;  I  think  that  material  is  mostl}'  impermeable. 

Senator  Morgan.  Down  in  that  gulch? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  Where  is  the  permeable  part  of  it,  on  top — at  the 
upper  part? 

General  Hains.  Down  at  the  bottom.  The  most  permeable  part  is 
down  at  the  bottom. 

Senator  Morgan.  The  report  of  the  borings  there  is  that  at  the  depth 
of  50  feet  below  sea  level,  1  believe  it  is 

General  Hains.  About  that. 

Senator  Morgan  (continuing).  The  wells  that  were  driven  down 
for  the  purpose  of  ascertaining  whether  fehe  water  was  in  here  and  in 
here  [indicating  on  blueprint]  brought  up  water  at  a  uniform  level, 
or  about  a  uniform  level,  m  each  of  these  gulches.  The  engineers  who 
testified  here,  I  believe  all  of  them,  come  to  the  conclusion  that  the  water 
that  was  thus  forced  up  through  those  pipes  belonged  to  a  common 
body,  and  that  what  went  up  through  the  pipes  in  this  deep  gulch  was 
the  same  body  of  water  that  went  up  through  the  pipes  in  the  shal- 
lower gulch,  and  that  therefore  there  was  some  substructure  or  sub- 
stratum that  was  permeable,  and  there  was  communication  on  each 
side  of  this  island.     Do  you  concur  in  that? 

General  Hains.  That  there  was  communication  ? 

Senator  Morgan.  Yes;  between  the  waters. 

General  Hains.  No,  sir;  I  do  riot. 

Senator  Morgan.  You  do  not?  ^ 

General  Hains.  No,  sir. 

Senator  Morgan.  They  spoke  very  decidedly  about  that,  particu- 
larly Mr.  Wallace.  There  is  permeable  material,  though,  lying  at  the 
bottom  of  this  broad  gulch  tnat  I  have  just  described,  and  also  this 
narrower  one  which  runs  down  to  258  feet  below  sea  level  ? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  The  permeable  material  is  in  the  bottom  of  these 
gulches  ? 

General  Hains.  Yes,  sir. 
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Senator  Morgan.  Do  you  consider  that  there  is  no  necessity  for 
stoj)ping  off  the  flow  of  water  in  the  permeable  material  or  otherwise 
obviating  it  or  obstructing  it  in  order  to  get  a  firm,  permanent  basis 
for  the  dam  that  reaches  across  both  these  gulches  i/ 

General  Hains.  1  do  not  think  there  is  any  necessity  for  stopping 
that  seepage.  At  the  same  time  I  believe  that  seepage  can  be  stopped, 
and  at  no  great  expense,  either. 

Senator  Morgan.  How  would  you  proceed  to  do  it? 

General  Hains.  There  are  two  methods  that  I  have  in  mind  which 
are  practicable,  in  my  opinion.  One  is  to  force  cement  grout  down 
into /that  permeable  material — that  is,  it  is  coarse  sand,  which  will  till 
up  the  interstices  and  solidify  the  whole  of  it,  making  it  practically 
rock.     I  do  not  regard  that  as  at  all  an  impracticable  undertaking. 

Senator  Morgan.  Let  me  ask  you  right  there  whether  you  know  of 
any  great  dam  that  has  ever  been  filled  upon  such  a  foundation? 

General  Hains.  Such  a  foundation  as  that? 

Senator  Morgan.  Yes;  a  cement  foundation  pumped  into  the  bottom 
of  it. 

General  Hains.  No;  I  do  not  recall  any  where  any  seepage  has  been 
stopped  by  this  process — that  is,  for  any  great  depths.  The  Assiut 
dam,  on  tne  Nile,  is  built  entirely  on  sand,  and  for  a  ffreat  depth 
under  it — 1  do  not  know  how  many  feet— but  for  a  great  aepth  under 
it  there  is  nothing  but  sand,  all  of  which  is  water-bearing,  with  a  pres- 
sure of  water  in  the  river  above  the  dam  considerably  above  that 
below  it. 

Senator  Morgan.  Are  you  speaking  of  the  dam  that  spans  the  Nile, 
or  the  dam  that  flanks  it? 

General  Hains.  It  spans  the  Nile  at  the  place  called  Assiut.  I  am 
not  speaking  of  the  Assuan  dam.     The  Assuan  dam  is  built  on  rock. 

Senator  Morgan.  Yes. 

General  Hains.  1  mean  one  up  near  Cairo.  This  dam  has  had  grout 
forced  under  it  to  so  solidify  the  material  to  a  depth  of  something  like 
30  feet,  1  think. 

Senator  Morgan.  Thirty  feet? 

General  Hains.  Yes,  sir. 

Senator  Hopkins.  And  below  that  is  the  sand,  through  which  the 
water  seeps  or  can  seep? 

General  Hains.  Yes;  it  is  supposed  to  seep  through  there,  but  it 
has  not  affected  the  stability  of  the  dam. 

Senator  Morgan.  Is  that  an  earth  dam  or  a  sand  dam,  filled  up  on 
top  of  that? 

General  Hains.  That  is  a  masonry  dam. 

Senator  Morgan.  A  masonry  daiii  built  on  the  top  of  this 

'  General  Hains.  On  this  sand  foundation. 

Senator  Morgan.  Filled  with  grouting? 

General  Hains.  The  under  part;  yes,  sir.  The  underlying  sand  is 
filled  with  this  grouting. 

Senator  Morgan.  Like  a  rock  core  underlying  it? 

General  Hains.  Yes,  sir. 

Senator  Dryden.  How  long  has  that  dam  stood  there? 

General  Hains.  I  do  not  know  when  that  dam  was  built,  but  I  think 
it  was  built  more  than  ten  years  ago. 

Senator  Hopkins.  What* is  the  head  of  water? 
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General  Hains.  That  1  can  not  say. 

Senator  Morgan.  About  25  feet,  is  it  not? 

General  Hains.  1  would  not  like  to  say,  Senator.  It  is  a  matter 
that  can  be  determined  accurately.  I  do  not  carry  these  figures  in  my 
head  any  more  than  I  can  help,  because  I  find  that  if  I  try  to  do  it  I 
am  very  apt  to  make  mistakes. 

Senator  Morgan.  You  have  described  one  process  by  which  you 
would  undertake  to  intercept  the  water  down  there  at  the  base  of  these 
two  gulches.     Is  there  any  other  process  that  you  would  rely  upon? 

General  Hains.  Yes,  sir;  there  is  another  process  that  I  think  could 
be  applied  there.  That  is,  by  using  steel  sheet  piling.  If  you  will  let 
that  stand  over  for  a  few  minutes,  Senator,  I  have  sent  down  for  a 
specimen  of  this  sheet  piling,  from  which,  when  it  is  sent  up  here,  I 
can  show  you  how  I  would  put  it  down,  if  you  do  not  already  under- 
stand it. 

Senator  Morgan.  I  do  not  understand  about  the  sheet  piling.  I 
never  saw  any  of  it,  but  I  have  heard  it  described  a  time  or  two — not 
described  really,  but  referred  to. 

Would  you  feel  safe  in  putting  in  such  a  dam  as  is  to  be  super- 
imposed aoove  these  two  gulches  without  any  protection  against  the 
percolation  of  water  at  the  foundation  among  this  coarse  material? 

General  Hains.  I  should  feel  perfectly  safe  without  it,  yes. 

Senator  Morgan.  Hav^e  you  any  example  of  engineermg'  in  your 
mind  that  would  give  you  a  precedent  that  would  contribute  to  your 
feeling  of  satisfaction  and  safety  ? 

General  Hains.  I  do  not  recall  just  now  large  dams  built  on  that  kind 
of  a  foundation,  but  my  understanding  is  that  there  are  a  number  of 
them. 

Senator  Morgaji.  Small  dams,  but  not  reaching  down  to  two  or 
three  hundred  feet,  are  there? 

General  Hains.  I  say  1  do  not  recall  any  that  are  anything  like 
these  dimensions. 

Senator  Morgan.  'It  is  the  head  of  water  that  impinges  against  the 
dam,  or  presses  upon  the  dam,  that  causes  the  danger  of  the  washouts, 
is  it  not  i 

General  Hains.  Yes,  sir;  and  if  it  is  not  intercepted  in  some  way 
or  other  there  would  be  a  head  of  water  of  85  feet  on  the  up-stream 
side  of  the  dam,  and  if  there  was  a  streak  of  permeable  material  run- 
ning from,  say,  what  is  now  the  bottom  of  the  Chagres  River,  down 
that  way  and  running  out  [indicating  on  map],  some  water  would  seep 
througfi;  but  I  have  no  idea  that  the  amount  of  seepage  would  endan- 
ger the  dam.  It  might  cause  a  loss  of  water,  and  if  it  was  a  case  of 
water  supply  to  a  cit>^  it  would  be  necessary  to  cut  it  off,  because  it 
might  be  of  some  importance;  b^it  in  a  case  like  this,  where  the  num- 
ber of  feet  are  calculated  to  be  so  small,  I  can  not  see  that  there  would 
be  any  danger  from  it.  The  mere  seej)age  of  the  water  through  this 
stuflF  underneath  does  not,  in  my  opinion,  render  the  dam  unsafe  at 
all.  If  it  could  ^o  through  there  with  a  velocitj'  so  as  to  move  the 
particles  along  with  it,  that  would  be  an  entirely  different  thing;  but 
it  can  not  do  that. 

Senator  Morgan.  When  we  find  four  or  five  engineers  and  they 
divide  about  equally,  and  one  expresses  the  opinion  that  that  is  an  ele- 
ment of  danger,  and  the  other  expresses  an  opinion  that  it  is  not  an 
element  of  danger,  what  are  the  laity  to  do? 
ENG  I  o— 06— 48 
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General  Hains.  Senator,  you  ai'e  in  the  same  fix  about  the  two  types 
of  canal. 

Senator  Morgan.  It  looks  to  me  as  if  we  had  better  get  a  chuck- 
luck  box  and  throw  high  die  for  a  judgment  about  it.  [Laughter.] 
But  they  are  all  opinions.  It  is  your  opinion  that  this  dam  can  be 
built  upon  this  structure  without  an3'thing  being  put  down  into  thi^ 
soft  material,  this  coarse  material. 

Genei*al  Hains.  Yes,  sir;  that  is  my  opinion. 

Senator  Mob(}AN.  That  is  your  opinion.  If  it  is  the  opinion  of 
another  engineer,  say  with  eoual  experience  and  abilit3%  that  it  can 
not  be  done  with  safety,  would  it  not  be  better,  Generaf,  in  that  case, 
to  discard  both  of  them  and  take  a  plan  that  does  not  require  any  dam? 

General  Hains.  Why,  no;  I  think  the  best  thing  under  those  cir- 
cumstances is  to  accept  what  they  say  about  its  being  dangerous  and 
cut  it  off,  which  I  say  you  can  do  by  grouting  it  or  by  this  steel  sheet 
piling. 

Senator  Taliafebbo.  How  much  will  that  increase  the  cost  if 

General  Hains.  Oh,  I  should  not  think  it  would  add  a  half  a  million 
dollars  to  it. 

Senator  Morgan.  Well,  that  is  not  much  in  these  times,  you  know^ 
except  to  the  taxpayers.  ^  Thev  feel  it  sometimes,  a  little  bit. 

General  Hains.  Speaking  about  this  sheet  piling.  Senator,  here  is 
a  specimen  of  it.  That  can  be  driven  down.  There  is  another  piece 
over  it,  like  that  [  indicating],  and  that  goes  on  here,  with  this  part 
right  in  there  [indicating],  and  that  is  used  for  cofferdam  purposes 
now.  It  has  been  used  to  great  depths,  and  after  it  is  down  it  is 
absolutely  tight.  You  can  pump  water  out  of  that  with  perfect 
impunity. 

Senator  Mobgan.  Would  that  sheet  piling  be  put  down  in  sections 
like  this? 

General  Hains.  Not  in  sections  like  this.  This  is  just  a  short  sec- 
tion. It  would  be  long,  you  know.  It  would  be  long  enough  to  reach 
down  to  the  bottom  of  the  gulch  here. 

Senator  Morgan.  To  be  secure,  I  suppose  it  would  have  to  reach 
from  the  bottom  of  the  gulch  up  to  the 

General  Hains.  Clear  up  to  tne  water  surface,  if  you  wish. 

Senator  Morgan.  Up  to  sea  level? 

General  Hains.   Yes,  sir;  or  even  above.it,  if  you  want  it  to. 

Senator  Morgan.  It  would  not  be  put  down  as  one  solid  mass  of 
sheet  piling,  but  it  would  te  put  down  in  sections,  one  resting  upon 
the  otner  ? 

General  Hains.  One  after  the  other. 

Senator  Morgan.  Driven  down  upon  the  top  of  each  other  i 

General  Hains.  Not  on  top  of  each  other.  You  start  with  one  up 
here,  where  you  do  not  go  down  very  deep.  That  gives  you  the  bear- 
ing for  the  next  one.  [Indicating  on  blueprint.]  Then  you  come 
with  the  next  one,  and  that  goes  oown  still  deeper.  Then  you  come 
with  the  next  one,  and  that  goes  down  still  deeper,  and  then  the  next 
one,  that  goes  away  down  here  [indicating  on  blueprint]  into  this 
what  you  call  indurated  clay,  which  I  think  is  a  misnomer;  then  this 
one,  and  then  this  one,  and  so  on,  until  you  get  across  the  valle.y. 
Then  across  the  whole  of  this,  if  there  is  an}-  seepage  through  it,  it 
will  be  stopped,  admitting  that  there  is  seepage,  i  do  not  think  there 
is  any  except  down  at  the  bottom;  but  b}^  this  means  you  will  cut  it 
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•off.  In  the  same  way  you  will  cut  it  off  on  this  one  [indicating  on 
profile]. 

Senator  Morgan.  If  you  use  that  sheet  piling,  or  if  you  use  the 
-cement  grouting,  we  will  call  it  concrete 

General  Hains.  Not  concrete,  Senator. 

Senator  Morgan.  Well,  grouting. 

General  Hains.  It  is  just  cement  and  water  mixed  together. 

Senator  Morgan.  That  is  all? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  If  you  use  either,  how  are  you  going  to  fasten 
that  to  the  walls  of  this  indurated  clay,  as  you  go  down,  so  as  to  pre- 
vent a  crack  {  You  fill  up  across  this  gulch  a  broad  sheet,  in  order  to 
•cut  off  the  water;  how  are  you  going  to  fasten  the  bearings  or  the 
edges  of  this,  either  the  sheet  piling  or  the  cement,  to  the  wall  of  this 
indurated  clay,  so  as  to  prevent  a  crack  there? 

General  Hains.  The  sheet  piling  I  would  drive  into  this  indurated 
clay,  driving  it  in  a  short  distance.  That  will  answer  that  question,  I 
believe. 

Senator  Morgan.  Laterality  in  the  side  walls  as  you  go  down  ? 

General  Hains.  You  see  tliis  is  exaggerated  [referring  to  blueprint 
profile].  This  distance  across  here  is  about  3,000  feet,  and  this  dis- 
tance from  here  to  here  is  only^  200;  so  that  you  see  that  this  sugar- 
loa&line,  you  may  sav,  does  not  convey  the  correct  idea. 

Senator  Morgan,   i  es. 

General  Hains.  Jf  this  vertical  scale  was  the  same  as  the  horizontal 
one,  the  bottom  of  that  gulch  instead  of  being  away  down  there  would 
be  about  there  [indicating  on  blueprint  profile]. 

Senator  Morgan.  Yes. 

General  Hains.  You  see,  this  is  exaggerated.  The  scale  is  exagger- 
ated in  the  vertical  direction.  If  that  were  drawn  according  to  the 
regular  scale,  it  would  come  down  along  here  [indicating].  That  is 
the  way  that  would  be. 

Senator  Morgan.  But  still  it  would  come  down  in  the  form  of  an 
inverted  cone? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  A  sharp  inverted  cone?  , 

General  Hains.  Yes,  sir;  but  instead  of  looking  like  a  cone,  it  would 
be  just  a  slight  depression,  like  that;  and  that  is  all  it  is,  in  the  rock. 

Senator  Hopkins.  This  does  not  fairly  represent  it,  then  [referring 
to  blueprint  profile]? 

General  Hains.  No,  sir;  that  is  exaggerated. 

Senator  Morgan.  That  is  exaggerated,  but  the  figures  are  all  there. 

General  Hains.  The  figures  are  all  there,  but  it  is  exaggerated  in 
order  to  put  in  these  notes  about  what  was  found  at  different  depths. 
That  is  a  common  practice.     We  always  use  those  in  drawings. 

Senator  Morgan.  This  island  of  indurated  material  here,  too,  is 
exaggerated  in  the  same  way  ? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  So  that,  relatively,  they  are  right,  but  neverthe- 
less, in  this  direction— that  is,  toward  the  bottom  of  the  blueprint — the 
appearances  are  calculated  to  deceive  the  eye. 

General  Hains.  That  would  be  right  down  like  that,  if  it  was  on  the 
sAne  scale  [indicating]. 
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Senator  Morgan.  Yes.  I  want  to  know,  when  3'ou  have  got  your 
steel  sheet  piling  driven  in  there  and  fastened  in  the  walls  on  either 
side,  if  there  is  not  still  an  element  of  danger  in  the  cracking  of  that 
material  and  the  disarrangement  of  the  vast  mass  of  earth  that  is  piled 
upon  it  (I 

General  Hains.  No,  sir;  I  do  not  consider  that  there  will  be  any 
danger  from  it,  even  though  such  a  thing  should  occur.  That  dam  is 
a  very  big  one. 

Senator  Morgan.  You  proceed  now  with  the  dam  from  east  to  west? 

General  Hains.  Say  northeast  to  southwest.  That  is  about  the 
direction. 

Senator  Morgan.  Well,  eastwardly  and  westwardly? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  You  proceed  with  that  dam,  building  it  from  the 
locks  across  these  two  gulches,  and  the  next  place  you  come  to  is  that 
island? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  That  mountain,  or 

General  Hains.  You  mean  the  hill  in  between  ? 

Senator  Morgan.  Yes,  sir. 

General  Hains.  That  is  this  place  here  [indicating  on  the  map]  ? 

Senator  Morgan.  Yes.  You  have  got  to  provide  for  attaching 
your  dam  to  that  hill  in  some  way  ? 

General  Hains.  No,  sir.  It  is  not  necessary  to  make  any  provision 
for  that.  Your  dam  is  of  earth.  The  dam  that  is  proposea  thei*e  is 
of  earth,  and  a  slight  cut  into  the  hill  will  give  you  all  the  means  of 
connection  that  will  be  necessary. 

Senator  Morgan.  That  is  attaching  it,  as  I  call  it. 

General  Hains.  Yes;  well,  1  thou^t  you  meant  in  some  way^ 

Senator  Morgan.  I  did  not  mean  riveting  it,  which  would  be  a  pretty 
hard  thing  to  do.  (Laughter.)  I  am  talking  about  making  the  con- 
nection a  solid  one. 

General  Hains.  There  is  no  trouble  about  that. 

Senator  Morgan.  The  hill  there  is  composed  of  material  that  has 
been  there  for  ages  and  ages,  and  of  course  it  has  all  settled  together 
perfectly  compact. 

General  Hains.  Yes. 

Senator  Morgan.  Your  dam,  no  matter  how  carefully  you  put  it  in, 
is  not  quite  as  compact  as  that  hill  is  going  to  be? 

General  Hains.  No;  not  quite. 

Senator  Morgan.  And  if  there  is  any  convulsion,  or  any  unusual 
pressure  of  water,  or  any  other  accident,  we  will  call  it — a  convulsion 
or  movement  that  affects  this  dam — would  it  not  be  most  likely  to 
invade  the  point  of  contact  between  the  dam  and  the  hill  ?  Would  not 
that  be  the  weak  point  in  the  structure — the  point  of  contact? 

General  Hains.  No,  sir.  If  there  should  be  any  opening,  the  earth 
would  fall  into  that  opening  and  there  would  be  some  settlement  of  the 
dam.     That  is  all  that  would  occur. 

Senator  Morgan.  That  is  exactly  what  I  am  expecting,  that  there 
would  be  a  settlement  of  the  dam. 

General  Hains.  That  would  not  do  any  harm. 

Senator  Morgan.  If  it  produced  fissures,  when  you  had  85  feet 
head  of  water  on  it,  a  small  crack  might  produce  absolute  destructiofi  i 
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Geneml  Hains.  Well,  if  it  produced  a  large  fissure  and  that  fissure 
remained  open  and  water  got  running  through  it,  yes.  But  I  do  not 
see  how  such  a  thing  as  that  could  occur  in  there. 

Senator  Morgan.  If  you  will  think  a  moment,  General,  of  the  way 
the  crawfish  serve  the  levees  on  the  Mississippi  River  you  will  find  it 
out.  A  crawfish  will  bore  a  hole  through  one  of  those  levees  in  the 
night,  and  the  next  morning  it  is  a  crevasse. 

General  Hains.  Yes;  but  the  distance  through  a  levee  is  a  very  dif- 
ferent thing  from  the  distance  through  that  dam. 

Senator  SIorgan.  That  dam  would  have  a  very  long  reach;  but  I 
suppose  a  crack  or  a  fissure  might  occur  in  it  that  would  reach,  say, 
half  a  mile  through  it,  or  a  mile,  even  a  small  one;  and  would  not  that 
endanger  the  whole  structured  You  have  no  rock  core  there  to  resist 
it,  nothing  to  resist  the  fissure  that  might  be  attacked  by  the  water  at 
85-feet  level.  Suppose  that  fissure  occurred  10  feet  under  the  water 
and  was  half  a  mile  long,  from  the  settling  of  the  dam  and  the  settling 
of  the  stuff  that  you  put  in  there  to  continue  the  barricade  made  by 
the  mountain,  would  not  that  be  an  element  of  danger  in  that  dam'^ 

General  Hains.  I  do  not  think  there  would  be  any  more  element 
of  danger  than  if  you  had  a  core  wall  in  there,  because  I  think  your 
core  wall  would  break,  too,  if  vou  had  a  convulsion  of  nature  that 
would  open  a  space  wide  enough  for  the  water  to  run  through  there. 
The  destructive  effect  would  also  break  your  core  wall. 

Senator  Morgan.  Yes. 

General  Hains.  So  that,  under  such  circumstances  as  that,  I  do  not 
see  that  you  would  be  any  better  off  with  a  core  wall  than  without  it. 

Senator  Morgan.  That  hill  through  the  center  of  which  you  cut 
30ur  spillway  is  a  volcanic  hill  or  elevation 'i 

General  Hains.  Well,  I  do  not  know. 

Senator  Morgan.  Does  anybody  know? 

General  Hains.  No;  I  do  not  think  anybody  does  know. 

Senator  Morgan.  Have  these  gentlemen  who  have  projected  this 
dam  there  ever  bored  into  that  hill  to  examine  what  was  in  it? 

General  Hains.  Where  the  spillway  goes? 

Senator  Morgan.  Yes. 

General  Hains.  Oh,  yes,  sir.  I  understand  that  there  were  borings 
made  in  that.     W^e  have  a  record  of  them  here. 

Senator  Morgan.    Have  you  any   statement  anywhere  in   these 

Eapers,  or  do  you  know  of  any  fact  in  regard  to  it,  that  will  show  what 
ind  of  rock  they  found  in  that  hill? 

General  Hains.  I  think  so.  There  are  in  this  hill  here  six  borings 
right  in  the  hill.  Then  these  others  are  just  beyond  it.  The  spill- 
way goes  ri^ht  through  there  [indicating  on  map]. 

Senator  Morgan.  Have  you  any  remembrance,  or  are  you  able  to 
state,  or  has  anybody  stated,  what  the  material  is  that  they  get  in  these 
borings — what  kind  of  rock  they  found  ? 

General  Hains.  In  these  [indicating  on  map]? 

Senator  Morgan.  Yes. 

General  Hains.  There  they  are,  right  there.  That  is  it,  on  the  blue- 
print [indicating]. 

Senator  Morgan.  The  character  of  the  material? 

General  Hains.  That  is  it,  there.  Take  boring  35  + 14.  There  it 
is,  right  there;  from   there  down   to  there,  to  rock  [indicating  on 
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profile].  That  is  that  one.  That  hole  there  (on  map),  Senator,  is  rep- 
resented vertically  there  (on  profile).  It  has  gone  into  the  rock  just 
that  depth. 

Senator  Morgan.  What  kind  of  rock  is  it?  That  is  what  I  want  to 
get  at.     Is  it  basalt  or  volcanic  rock? 

General  Hains.  No,  sir.  That  is  what  they  call  the  indurated  clay. 
Indurated  clay  is  not  the  proper  name  for  it.  I  think  Mr.  Harrod  had 
better  give  a  definition  of  that.  He  has  investigated  that  matter,  and 
he  knows  what  is  the  scientific  explanation  of  that  word,  which  has 
been  so  used,  and  used  with  such  misunderstanding,  this  word  indurated 
clay. 

Senator  Morgan.  I  have  always  misunderstood  it.  At  least,  I  have 
never  understood  it,  and  therefore  have  always  misunderstood  it. 

General  Hains.  Well,  I  think  if  you  will  just  forget  the  words 
''indurated  clay"  and  say  ''  rock"  vou  get  a  better  idea  of  that  thing, 
because  it  is  really  rock.  I  would  like  Mr.  Harrod  to  just  explain 
that  to  you.     He  knows  about  that. 

Senator  Morgan.  We  want  to  know  what  kind  of  rock  it  was,  and 
whether  it  was  volcanic  or  not. 

General  Hains.  He  can  tell  you  better.  He  has  looked  into  that 
more  than  I  have. 

Senator  Morgan.  Along  the  coastal  plain  of  Panama,  in  the  vicinity 
along  both  east  and  west  of  the  Chagres  River,  there  are  these  sugar- 
loaf  hills  springing  up. 

General  Hains.   Yes,  sir. 

Senator  Morgan.  Not  connected  by  ridges  with  each  other  at  all. 

General  Hains.  I  know. 

Senator  Morgan.  Just  like  potato  hills  by  themselves. 

General  Hains.  Just  like  sugar  loaves. 

Senator  Morgan.  I  am  verv  much  interested  to  know  how  they  got 
there,  and  I  suppose  that  we  &ave  got  men  of  science  that  ought  to  be 
able  to  say.  My  poor  private  judgment  is  that  the}-  have  all  been 
thrown  up  exactly  in  the  same  way  that  those  mud  craters  were  thrown 
up  in  1882,  when  the  earthquake  passed  across  from  Panama  to  Colon 
and  up  the  coast  toward  Bocas  del  Toro,  where  these  mud  volcanoes, 
miniature  volcanoes,  were  thrown  up,  and  through  them  came  hot 
water  and  other  evidences  of  volcanic  action. 

I  have  supposed  that  those  mounds  were  made  in  the  same  way,  by 
convulsions  of  nature,  and  that  they  are  all  volcanic.  If  they  are, 
then  that  probablj'^  accounts  for  this  queer  stuff  which  underlies  that 
countrj?^  tliat  we  call  indurated  cla3\  It  may  probably  show  that  it  is 
volcanic  tufa  or  ashes  that  have  been  indurated  there  from  the  pres- 
sure of  time  or  air  or  water  or  overlying  strata,  or  what  not,  until  it 
has  been  compacted  together  like  a  rock.  It  is  not  sand;  it  is  not 
granite;  it  is  not,  as  I  understand,  any  stratified  rock. 

General  Hains.  No,  sir;  but  it  is  very  hard;  and  it  stands  well  in 
the  weather.  I  have  seen  the  dock  that  is  used  down  there  on  the 
Isthmus,  right  close  by  this  place,  only  a  short  distance  below,  where 
the  walls  hav  e  been  cut  right  down  vertically  into  it,  and  it  stands  like 
the  wall  of  this  building. 

Senator  Morgan.  WHien  you  get  over  into  the  Culebra  cut  and  into 
the  wells  that  the  French  dug  down  there,  that  same  stuff  does  not 
stand  at  all? 

General  Hains.  That  is  not  the  same  stuff. 
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Senator  Moroan.  Does  it  not  look  exactly  like  it? 

General  Hains.  No,  sir. 

Senator  Morgan.  What  is  the  difference  in  appearance  between  the 
two? 

General  Hains.  Well,  I  do  not  know  what  the  difference  would  be. 
I  am  not  a  geologist. 

Senator  Morgan.  1  do  not  suppose  any  of  us  are. 

General  Hains.  And  1  do  not  know;  but  I  do  know  that  under  the 
action  of  the  air  there  is  some  material  which  is  classed  as  indumted 
clay  over  there  in  the  Culebra  cut 

Senator  Morgan.  That  goes  to  pieces? 

Genei-al  Hains  (continuing).  And  after  it  becomes  dry  you  put  it  in 
water  and  it  all  melts.  There  is  some  of  that.  This  is  not  that,  as  is 
evident  from  the  fa<*t  that  there  is  a  dock  that  has  been  there  for  I  do 
not  know  how  many  years;  but  I  presume  for  twenty  years,  and  ves- 
sels are  taken  in  there  and  docked.  I  was  looking  at  it  only  the  last 
time  I  was  down  there. 

Senator  Morgan.  Right  in  this  indurated  clay? 

(jeneral  Hains.  Right  in  this  indurated  clay.  It  makes  a  splendid 
vertical  wall,  and  as  for  a  foundation  for  any  kind  of  engineering 
structure,  I  would  put  the  Washington  Monument  on  it. 

Senator  Morgan.  And  nevertheless  here  are  two  great  gulches  that 
you  can  not  account  for,  that  were  washed  right  out  of  this  indurated 
clav  ? 

Senator  Hopkins.  He  did  not  say  that  they  were  washed  out  of  that. 

Senator  Morgan.  I  think  he  did.  He  said  he  could  not  say  how 
else  it  happened. 

Senator  Xittredge.     That  was  this  morning,  Senator. 

Senator  Hopkins.  1  know  he  balked  at  that  this  afternoon. 

General  Hains.  What  is  that ^     About  how  it  was  formed? 

Senator  Hopkins.  About  its  being  washed  out. 

General  Hains.  I  do  not  know.  I  know  that  it  is  the  opinion  of 
geologists  that  it  has  been  washed  out  by  the  water,  and  maybe  it  has. 

Senator  Hopkins.  If  that  occurred,  it  was  millions  and  millions  of 
years  ago,  was  it  not,  when  this  was  all  soft  material? 

General  Hains.  It  was  a  good  many  years  ago;  yes.  According  to 
geologists  it  was  perhaps  millions  of  years  ago. 

Senator  Morgan.  It  has  only  been  twenty -four  years  since  there 
was  an  earthquake  that  passed  right  along  the  line  of  this  canal  that 
shook  cathedrals  down,  killed  men  in  Colon,  tore  houses  down,  and 
formed  mud  volcanoes  up  as  far  as  Bocas  del  Toro.  That  has  only 
been  twenty -four  years  ago. 

General  tlAiNS.  It  did  not  knock  the  cathedral  down.  Senator, 
because  the  cathedral  is  there  yet. 

Senator  Morgan.  It  knocked  down  the  tower  of  it  and  other 
churches  were  torn  down. 

General  Hains.  And  it  did  not  injure,  and  there  has  not  been  any 
injury  in  something  like,  well.,  as  nearly  as  they  can  tell,  it  was  "about 
some  two  or  three  hundred  years  ago,  a  building  was  put  up  there  with 
an  arch  much  flatter  than  tliat  [indicating],  and  wider. 

Senator  Morgan.  In  the  first  report  that  you  made.  General,  to  the 
Government  of  the  United  States,  you  said  tliat  there  were  thirty-four 
earthquakes  that  had  occurred  there  in  Panama.  I  think  it  was  either 
thirty-two  or  thirty-four. 
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General  Hains.  You  know  there  are  earthquakes 

Senator  Morgan.  And  earthquakes. 

General  Hains.  And  there  are  earthquakes.  There  are  some  very 
little  seismic  disturbances  that  might  be  called  earthquakes,  and  yet 
do  no  damage  at  all. 

Senator  Morgan.  But  this  disturbance,  General,  did  actually  destroy 
houses  in  Panama. 

General  HaiKs.  There  was  an  earthquake.  I  do  not  remember  just 
exactly  the  year. 

Senator  Morgan.  It  was  twentv-four  years  ago.  That  was  when  it 
was.  And  it  crossed  clear  through  the  Isthmus,  and  it  put  the  railroad 
bridges  off  of  their  bearings. 

General  Hains.  Yes. 

Senator  Morgan.  And  inflicted  very  considerable  damage  upon  the 
railroad  itself,  even  to  the  twisting  of  the  rails,  and  it  passed  into 
Colon  and  threw  houses  down,  and  killed  men,  and  then  it  passed  on 
up  the  coast  to  Bocas  del  Toro,  leaving  in  its  trail  these  pits  or  volcanic 
mud,  through  which  steam  came  up.  That  is  a  pretty  recent  event. 
I  am  older  than  that,  even  young  as  I  am. 

Senator  Hopkins.  That  line  or  argument.  Senator,  would  show  that 
you  can  not  build  any  kind  of  a  canal  across  the  Isthmus  there. 

Senator  Morgan.  Well,  it  satisfied  me  a  long  time  ago  that  you 
eould  not  do  it.  I  have  always  said  that  j'^ou  could  not.  [Laughter.] 
The  further  we  get  into  it  the  better  I  am  satisfied  that  you  can  not, 
to  itake  it  stay  there. 

There  are  still  facts  and  problems  that  we  can  not  account  for,  and 
we  can  not  tell  whether  they  are  to  be  a  million  years  repeating  them- 
selves or  twenty-four  years.  We  do  not  know  about  it.  But  when  a 
fact  like  the  earthquake  of  1881  occurred  there,  it  is  the  part  of  good 
common  sense  to  expect  it  to  come  again,  is  it  not? 

General  Hains.  Yes;  and  I  do  not  believe  such  an  earthquake  as  we 
had  then  would  do  this  dam  any  damage  whatever.  Senator. 

Senator  Morgan.  You  would  not  like  to  take  the  risk  of  it,  would 
you? 

General  Hains.  Yes;  I  would  be  willing  to  take  the  risk  of  it. 

Senator  Morgan.  If  you  were  operating  on  somebody  else's  money; 
but  suppose  you  had  all  of  your  own  money  up  on  it?  " 

General  Hains.  If  anybody  will  give  me  money  enough  to  do  it,  I 
will  take  the  risk. 

Senator  Morgan.  If  anybody  will  give  it  to  vou,  yes;  but  if  you 
had  to  work  for  it  and  earn  it,  and  pav  taxes  on  it,  and  accumulate  it, 
it  would  be  quite  a  different  story.  We  are  trying  to  take  care  of  the 
people  here— at  least,  I  am.  That  is  all  I  will  ask  you  about  that  part 
of  tnis  business. 

General,  you  have  been  connected  with  this  canal  and  the  project 
which  we  are  trying  now  to  work  out,  after  two  years  and  a  half  of 
effort — you  have  been  connected  with  it  as  an  engineer  since  when  ? 
When  were  you  first  connected  with  it? 

General  Hains.  You  mean  the  whole  question  of  the  canal  across 
the  Isthmus? 

Senator  Morgan.  When  were  you  first  connected  with  this  project 
ofiicially  ? 

General  Hains.  This  particular  project? 

Senator  Morgan.  No;  making  the  canal  at  Panama? 
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General  Hains.  You  do  not  refer  to  Nicaragua,  but- 


Senator  Morgan.  No;  I  am  just  talking  about  Panama;  the  time 
you  first  went  there,  if  you  please? 

General  Hains.  We  were  a  little  over  two  years — two  years  and  a 
half  on  the  first  Commission  and  then  I  have  been  a  little  less  than  a 
year  on  the  present  Commission. 

Senator  Morgan.  This  is  the  commission  of  construction,  and  that 
was  the  commission  of  exploration  ? 

General  Hains.  Yes,  sir.    . 

Senator  Morgan.  You  were  two  years  and  a  half  on  the  first  Com- 
mission and  spent  about  how  much  time — about  thirty  days  on  Panama 
during  that  time? 

Geneml  Hains.  Well,  perhaps  something  like  that. 

Senator  Morgan.  I  think  that  is  it—thirty -one  or  thirty-two  days. 

General  Hains.  I  do  not  remember  the  time. 

Senator  Morgan.  From  that  time  until  to-day  you  have  been  offi- 
cially connected  with  that  work  ? 

General  Hains.  No,  sir. 

Senator  Morgan.  You  have  not? 

General  Hains.  Oh,  no,  sir. 

Senator  Morgan.  Where  did  the  break  occur? 

General  Hains.  From  January,  1902,  or  a  little  later  than  that,  until 
a  3^ear  ago.     I  was  not  on  the  first  constructing  commission. 

Senator  Morgan.  You  were  not  on  the  first  construction  commis- 
sion.    You  were  on  the  second? 

General  Hains.  I  am  on  the  present  one,  but  I  was  not  on  the  first 
one. 

Senator  Morgan.  You  took  your  appointment  at  what  date? 

General  Hains.  The  1st  of  April,  last. 

Senator  Morgan.  The  first  or  April,  1905  f 

General  Hains.  Yes,  sir. 

Senator  Morgan.  You  were  familiar  with  the  condition  of  that  canal 
and  of  the  Canal  Zone  and  the  cities  of  Panama  and  Colon,  and  the  Baj 
of  Limon  and  the  Bay  of  Panama.  At  the  time  you  were  making  this 
survey  or  exploration  you  knew  that  whole  situation  ? 

General  Hains.  I  became  familiar  with  it  during  that  time;  yes,  sir. 

Senator  Morgan.  It  was  a  part  of  your  business  to  study  it? 

General  Hains.  To  become  familiar  with  it,  yes,  sir. 

Senator  Morgan.  You  knew  it  at  the  time  that  the  canal  company 
turned  it  over  to  the  United  States? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  General,  I  shall  be  glad  if  you  will  give  to  this 
committee  a  description  of  the  situation  of  that  enterprise  at  the  time 
you  examined  it,  in  regard  to  the  work  that  was  being  done,  the  hands 
that  were  being  employed,  the  government  of  the  canal  line,  the  state 
of  the  improvement  or  dilapidation,  as  the  case  may  be,  in  regard  to 
the  work  that  had  been  done  previously  by  the  French  company,  and 
the  amount  of  work,  depth  of  the  cut  through,  for  instance,  Culebra, 
the  amount  of  digging  that  had  been  done  there,  the  length  of  the 
canal  that  had  been  dug,  how  much  of  it  had  filled  up  and  through 
whose  neglect  it  filled  up,  and  all  that.  Just  give  an  account  in  narra- 
tive form  of  the  situation. 

I  will  state  to  you  my  purpose.  1  want  to  ask  you  further,  after 
you  give  your  narrative,  so  as  to  show  what  was  to  be  done  there  in 
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order  to  inaugurate  and  conduct  the  work  we  are  trying  now  to  carry 
on.  I  want  to  show  what  task  lay  before  that  first  commission  of  con- 
struction, and  give  the  country  a  fair  idea  of  the  task  that  those  gentle- 
men had  to  perform. 

Senator  ICittredge.  Senator,  before  he  answers  that  question,  may 
I  ask  one  or  two  questions '( 

Senator  M  org  ax.  Yes. 

Senator  Kittreikje.  You  were  appointed  to  the  present  Commis- 
sion April  1,  11^05^ 

General  Hains.  Y'es,  sir. 

Senator  Kittredge.  When  did  you  first  go  to  the  Isthmus  after  that 
date? 

General  Hains.  In  July. 

Senator  Kittrei)(;e.  Ilow  long  did  you  remain  there  that  time  i 

General  Hains.  About  two  weeks;  a  little  less,  I  suppose.  About 
two  weeks. 

Senator  Kittredge.  When  did  you  return  to  the  Isthmus  after ^^ou 
returned  to  this  country  i 

(leneral  Hains.  I  have  not  been  down  to  the  Isthmus  since  then. 

Senator  Kittreikje.  Was  General  Ernst  with  you  on  the  first  trip? 

General  Hains.  No,  sir. 

Senator  Kittredge.  Was  he  at  the  Isthmus  at  any  time  since  his 
appointments 

General  Hains.  Yes,  sir. 

Senator  Kittredcie.  When  ? 

(jeneral  Hains.  Since  this  last  appointment  he  ha«5  been  down  there 
two  or  three  times— twice. 

Senator  Kittreixje.  When  was  that? 

General  Hains.  He  went  down  in  August,  1905;  the  latter  part  of 
July  or  the  first  part  of  August,  1905.  Then  he  was  down  there 
again 

Senator  Kittred(;e.  How  long  did  he  remain  th<lt  time? 

General  Hains.  I  do  not  know  exactly,  but  I  think  it  was  something 
like  two  or  three  weeks. 

Senator  Kittredge.  When  did  he  next  go  down  ? 

General  Hains.  In  September. 

Senator  Kittredge.   With  the  Consulting  Board? 

General  Hains.  Y^es,  sir. 

Senator  Kittredge.  And  returned  with  them? 

General  Hains.  Y'es,  sir. 

Senator  Kittkeixje.  Has  he  been  there  since? 

General  Hains.   I  think  not. 

Senator  Kittredge.  That  is  all  that  I  wish  to  ask  at  this  time. 

Senator  Mor(}AN.  Now,  I  w^ill  ask  that  my  question  be  read. 

(The  stenographer  read  as  follows:) 

'^  Senator  Morgan.  General,  I  shall  be  glad  if  you  will  give  to  this 
committee  a  description  of  the  situation  of  that  enterprise  at  the  time 
you  examined  it  in  regard  to  the  work  that  was  being  done,  the  hands 
that  were  being  employed,  the  government  of  the  canal  line,  the  state 
of  the  improvement  or  dilapidation,  as  the  case  may  be,  in  regard  to 
the  work  that  had  been  done  previoush'  by  the  French  company^  and 
the  amount  of  work,  depth  of  the  cut  through,  for  instance,  Culebra, 
the  amount  of  digging  that  had  been  done  there,  the  length  of  the 
canal  that  had  been  dug,  how  much  of  it  had  filled  up,  and  through 
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whose  neglect  it  filled  up,  and  all  that.  Just  give  an  account  in  nar- 
rative form  of  the  situation.'^' 

General  Hains.  You  are  referring  there  to  the  first  visit  we  made 
in  1899? 

Senator  Morgan.  Yes. 

General  Hains.  When  we  arrived  there  we  found  that  the  French 
had  in  their  employ  from  about  700  to  1,000  men.  They  had  a  num- 
ber of  excavators  at  work  on  the  Culebra  Cut,  and  were  excavating- 
about  75,000  cubic  yards,  I  think,  per  month.  They  had  employea 
dredges  on  the  two  ends  of  the  canal,  and  had  done  an  amount  of  dredg- 
ing. They  had  excavated  some  of  the  rock  at  Bohio,  where  they  pro- 
posed to  put  locks.  A  certain  amount  of  work  had  also  been  done 
above  Bonio  and  up  to  San  Pablo  in  rock.  Some  rock  excavation  had 
been  done  on  the  Pacific  side.  They  had  also  excavated  a  considerable 
amount  of  what  we  call  diversion  channels — that  is,  diversions  for  the 
Chagres  River  and  its  tributaries.  Altogether  they  had  excavated 
something  like  77,000,000  cubic  yards  of  material. 

A  great  deal  of  plant  had  been  accumulated  on  the  Isthmus,  a  large 
amount  of  machinery,  and  a  large  number  of  buildings  had  been 
erected.  Hospitals  had  been  erected  over  here  at  Panama  on  An(5on 
Hill.  They  had  also  accumulated  there  a  number  of  dredges  and 
boats.  They  had  I  do  not  know  how  many  dredges,  but  quite  a  num- 
ber; perhaps  nearly  twentv.  They  had  a  large  amount  of  what  you 
might  call  railroad  plant;  that  is,  t^ey  had  great  quantities  of  railroad 
track,  they  had  a  great  number  of  locomotives,  and  a  large  number  of 
cars;  and  these  thmgs  were  scattered  along  the  line  of  the  canal  from 
one  end  to  the  other.  They  had  erected  repair  shops  and  that  sort  of 
thing. 

Senator  Morgan.  By  "scattered"'  do  you  mean  scattered  in  use  or 
scattered  in  abandonment  i 

General  Hains.  Some  scattered  in  use,  and  some  piled  up  outdoors, 
and  some  in  buildings.  They  had  constructed  something  like  2,300 
buildings  of  all  kinds  for  the  storage  of  this  material  and  for  the  pro- 
tection of  their  employees,  but  a  great  deal  of  this  was  in  a  very  dilap- 
idated condition.  It  had  not  been  taken  care  of  for  part  of  the  time, 
but  some  of  it  was  in  fair  condition.  There  was  one  big  storehouse 
that  1  remember — 1  think  it  was  at  Gorgona— that  was  just  filled  with 
all  kinds  of  hardware.  It  was  like  a  great,  big  hardware  store.  There 
was  eveiT  kind  of  crosscut  saw,  everv  kind  of  bolt  you  could  im- 
agine, nuts,  and  so  forth,  and  those  things  were  all  in  good  condi- 
tion. In  some  places,  however,  the  weeds  had  grown  up  around  this 
material,  and  it  was  diflicult  to  find  where  it  was.  There  were  loco- 
motives there  that  we  could  hardly  find,  and  cars. 

But  notwithstanding  all  that  the  French  Company,  the  new  company, 
had  picked  out  a  certain  amount  of  this  plant  and  were  utilizing  it  on 
the  Culebra  Cut.  They  had  regarded  that  Culebra  Cut  as,  you  may 
say,  the  controlling  feature  of  the  work,  and  they  went  to  work  to  find 
out  what  was  in  it.  That  was  what  they  were  working  on  at  the  time 
we  were  there,  and  it  was  the  only  thing  that  they  were  working  on. 

Senator  Morgan.  Finding  out  what  was  in  that  hill? 

General  Hains.  Yes,  sir;  trying  to  find  out  what  was  in  that  hill. 
At  the  same  time  that  they  were  doing  all  this  they  were  making  sur- 
veys, as  I  understand.  Now,  I  can  not  speak  positively  about  the 
date  when  these  survey's  were  all  made,  but  tney  were  making  surveys^ 
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and  they  made  a  great  many  surveys.  Of  course,  they  had  to  extend 
their  surveys  after  they  had  agreed  or  about  agreed  to  make  a  lock 
canal  instead  of  a  sea-level  canal. 

As  to  the  government  down  there,  I  do  not  know  anything  about  it. 
The  government  at  that  time  was  the  Colombian  Goveniment,  under 
the  control  of  the  Government  of  Colombia,  and  this  corporation  was 
a  private  corporation  working  in  that  country.  They  had  had  a  great 
deal  of  trouble  from  sickness;  and  it  is  stated  that  they  were  veiy 
deficient  in  the  means  of  accommodating  the  sick  people,  and  lost  a 
great  many  hands  for  that  reason.  So  that  when  we  undertook  to 
make  a  valuation  of  this  property  and  the  condition  of  affairs  down 
there,  we  came  to  the  conclusion  that  about  all  that  was  worth  any- 
thing to  the  United  States  was  the  amount  of  excavation  that  had 
been  done  and  the  surveys  that  had  been  made,  and,  of  course,  the 
Panama  Railroad.  The  surveys,  as  a  rule,  were  very  good,  very 
accurate,  and  very  complete,  and  many  of  them.  They  did  not  make 
so  many  borings;  but  their  topographical  surveys  were  very  complete. 

Does  that  answer  your  question,  Senator? 

Senator  Morgan.  J  thinK  it  does,  substantially.  You  have  not  said 
anything  about  the  filling  up  of  the  prism  of  the  canal  that  they  had 
dredged  out  or  dug  out. 

General  Hains.  Oh,  well,  of  courae  the  Chagres  River  had  not  been 
taken  care  of,  and  the  water  came  down  the  Chagres  River  as  usual, 
and  wherever  it  got  a  chance  to  reach  a  part  of  the  canal  where  work 
had  been  done,  of  course  it  brought  down  sediment  and  largely  filled 
it  up;  and  there  was  a  great  deal  of  it  that  had  been  filled  up  to  a  cer- 
tain extent. 

Senator  Morgan.  Were  those  fillings  distributed  pretty  well  between 
■Colon  and  Bohio'if 

General  Hains.  Yes,  sir. 

Senator  Morgan.  All  the  way  down? 

General  Hains.  There  were  more  of  them,  down  the  farther  you  go. 

Senator  Morgan.  So  that  the  part  of  the  canal  which  had  been 
opened  was  utterly  impracticable  for  any  commercial  use,  was  it  not? 

General  Hains.  Oh,  yes;  it  was  utterly  impracticable. 

Senator  Morgan.  It  was  a  fiUed-up  ditch,  as  we  call  it? 

General  Hains.  Yes;  it  was  largely  filled  up. 

Senator  Morgan.  Obstructed? 

General  Hains.  It  was  verv  much  obstructed;  but  it  was  obstructed 
more  at  points.  Senator.  There  were  deep  places  on  a  great  deal  of 
the  constructed  portion  of  the  canal. 

Senator  Morgan.  Yes;  of  course.  Opposite  the  mouths  of  streams 
that  came  into  the  Chagres  River,  of  course,  there  would  be  banks  of 
silt  and  obstructions  of  different  kinds? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  How  was  it  on  the  other  side,  between  Pedro 
Miguel  and  La  Boca? 

General  Hains.  Pretty  much  the  same  thing. 

Senator  Morgan.  It  was  filled  up? 

General  Hains.  To  a  certain  extent;  yes. 

Senator  Morgan.  While  they  were  working  on  the  Culebra  Heights 
and  were  doing  some  work  there,  you  say,  with  shovels 

General  Hains.  Thev  had  what  thev  called  ^'excavators." 
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Senator  Morgan.  Excavators? 

General  Hains.  Yes,  sir;  they  were  not  steam  shovels  such  as  we 
have  now,  used  on  railroad  work  or  on  excavating  work,  but  they 
worked  somewhat  on  a  different  principle. 

Senator  Morgan.  They  worked  by  steam,  though  if 

General  Hains.  Yes,  sir. 

Senator  Morgan.  And  they  had  the  assistance  of  men  with  picks  and 
shovels,  etc.  ? 

General  Hains.  They  did  not  have  many  of  those. 

Senator  Morgan.  Some  of  that  railroad  track  that  they  had  built  in 
there,  and  some  of  the  engines  and  cars,  etc.,  I  suppose,  from  the 
accounts  you  have  given  me  this  morning,  were  covered  up  by  slips 
or  slides? 

General  Hains.  Not  in  the  Culebra  cut;  no,  sir.  What  I  meant 
was  along  the  line.  They  had  shipped  great  quantities  of  this  stuflf 
down  there,  and  they  had  to  put  it  somewhere,  and  they  had  laid  oflf 
tracks  almost  anywhere. 

Senator  Morgan.  At  the  time  you  arrived  at  the  Isthmus  there 
were  propositions  pending  for  the  sale  of  the  canal  property  to  the 
United  States — the  transfer  of  the  canal  proi)erty  ? 

General  Hains.  At  the  time  we  went  down  there? 

Senator  Morgan.  Yes;  made  through  Admiral  Walker? 

General  Hains.  No,  sir;  not  at  the  time  we  went  down  there,  Sen- 
ator. We  went  down  there  at  the  time  we  were  first  organized — that 
is,  within  a  few  months  after  we  were  organized,  and  there  was  no 
proposition  of  sale  made  until  a  couple  of  years  after  that. 

Senator  Morgan.  You  were  invited  down  there  by  the  French  canal 
people  to  make  the  surveys? 

General  Hains.  We  were  invited,  but  we  would  have  gone  whether 
we  were  invited  or  not. 

Senator  Morgan.  But  you  had  no  right  to  go  without  their  invita- 
tion; it  was  a  foreign  country. 

General  Hains.  Well,  we  might  not  have  had  any  right,  but  I  think 
the  right  would  have  been  extended  to  us. 

Senator  Morgan.  It  was  not  necessary  to  stand  on  manners,  how- 
ever, because  the}-  wanted  you  to  go? 

General  Hains.  They  wanted  us  to  go;  yes. 

Senator  Morgan.  Yes. 

General  Hains.  Thev  wanted  us  to  see  just  the  situation  there. 

Senator  Morgan.  Then  vou  made  a  visit  to  Paris,  did  you  not? 

General  Hains.  We  made  the  visit  to  Paris  first. 

Senator  Morgan.  Before  you  went  there  at  all? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  There  you  entered  into  examinations  into  titles 
and  plans  and  all  that — the  engineering  and  everj^thing  connected  with 
this  work  they  had  been  doing  there  ? 

General  Hains.  We  did  not  go  much  into  the  question  of  titles.  We 
devoted  our  attention  chiefly  to  the  consideration  of  plans. 

Senator  Morgan.  Plans? 

General  Hains.  Plans;  yes,  sir. 

Senator  Morgan.  But  you  had  it  in  mind  that  it  might  be  possible 
that  you  could  make  a. trade  with  the  Panama  t!!anal  Company,  or  per- 
haps get  a  secession  of  Panama,  or  something  like  that;  and  at  all 
events,  there  was  an  opportunity  to  get  into  possession? 
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General  Hains.  A  secession  of  Panama  never  entered  my  mind. 

Senator  Hopkins.  Mr.  Chairman,  I  do  not  like  to  interrupt  the 
Senator;  but  I  can  not  see  where  that  line  of  investigation  is  relevant. 
That  is  a  closed  incident,  and  I  do  not  know  why  the  time  of  the  com- 
mittee should  be  taken  up  with  it.  If  it  is  a  matter  that  the  Senator 
himself  wants  information  about  it  ought  to  be  taken  up  at  some  time 
outside  of  the  committee,  it  seems  to  me. 

Senator  Morgan.  As  to  the  closed  incident,  as  long  as  there  is  a  heart 
in  America  that  appreciates  the  honor  of  this  country,  that  incident 
will  never  be  closed  from  investigation  and  from  free  speech.  I  am 
not  undertaking  to  get  into  the  matter  of  secession,  however;  I  made 
that  remark  humorously  to  the  General,  the  idea  being  that  they  had 
in  view  at  that  time  the  acquisition  of  the  property  there  by  purchase 
or  by  some  other  method.  I  suppose  that  really  no  other  method  was 
contemi^lated;  particularly  not  the  method  of  capturing  it  from 
Colombia. 

Senator  Hopkins.  Well,  Mr.  Chairman,  I  for  one  protest  against 
this  line  of  examining  the  witnesses,  because  it  is  not  pertinent  to  any- 
thing that  we  have  before  us  as  a  committee;  and  as  a  legal  proposi- 
tion it  is  a  closed  incident. 

Senator  Morgan.  I  was  trying  to  apologize. 

Senator  Hopkins.  As  a  matter  of  historical  reminiscence,  it  may  be 
of  interest  to  people  that  indulge  in  that,  but  for  committee  purposes 
it  is  not. 

Senator  Morgan.  1  was  trying  to  apologize,  Mr.  Chairman,  for 
having,  perhaps  thoughtlessly,  intruded  upon  the  feelings  of  my 
friend  here  about  this  matter.     But  I  will  let  that  pass. 

The  Chairman.  You  may  proceed.  Senator,  and  we  will  see  how  we 
got  along. 

Senator  Morgan.  I  want  to  know  whether  you  were  invited  to  go 
to  Paris  by  the  Panama  Canal  Company  or  by  any  agent  or  person 
connected  with  it? 

General  Hains.  I  do  not  think  I  was  invited.  I  think  I  just  made 
up  my  mind  that  I  was  going  over  there. 

Senator  Morgan.  But  you  went  in  a  body? 

General  Hains.  Yes;  we  went  in  a  body. 

Senator  Morgan.  There  was  some  understanding,  I  suppose,  that 
when  you  got  there  you  would  have  an  opportunity  of  investigating 
the  affairs  of  the  Panama  Canal  Company  ? 

General  Hains.  Oh,  I  think  the  authorities  there  had  been  notified 
that  we  were  coming. 

Senator  Morgan.  How  did  that  all  come  about?  Who  did  it,  and 
how  was  it  done?  How  did  it  ever  happen  that  there  was  any  commu- 
nication between  you  and  the  authorities  in  France  about  this  United 
States  Commission  going  over  there  to  make  an  examination  of  this 
subject?     Who  broueht  it  about,  and  how  did  it  happen? 

General  Hains.  I  ao  not  know. 

Senator  Morgan.  Do  you  remember  any  communication  from  the 
director-general  of  the  Panama  Canal  Company  to  the  American 
Isthmian  Canal  Commission  to  go  to  Paris  to  examine  into  the  situa- 
tion there  before  you  made  an  examination  on  the  Isthmus? 

General  Hains.  I  do  not  remember,  but  I  think  it  is  quite  likely 
we  had  an  invitation.     I  do  not  know.     I  can  not  say,  now. 
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Senator  Morgan.  Did  you  meet  anj'  agent  of  that  canal  company 
that  was  active  and  hospitable  and  influential  and  friendly  and  Kind 
about  getting  these  communications? 

General  Hains.  Oh,  we  had  the  chief  engineer,  we  had  the  director, 
and — well,  they  were  the  two  principal  ones,  and  they  had  access  to  all 
the  records,  and  they  rave  us  all  the  information  they  could  about  it. 

Senator  Morgan.  Was  there  any  American  that  was  active  in  this 
business  in  getting  vou  to  go  over  there  and  providing  hospitality,  etc. 

General  Hains.  !No,  sir. 

Senator  Morgan.  No  one  at  all? 

General  Hains.  Not  that  I  know  of.  No,  sir;  1  made  up  my  mind 
that  I  was  not  going  to  report  on  that  plan  or  on  that  route  until  I 
had  gone  to  Paris  and  examined  the  records. 

Senator  Morgan.  That  was  before  you  had  ever  been  on  the  Isthmus  ? 

General  Hains.  Oh,  no,  no;  1  had  been  on  the  Isthmus  before,  on  a 
previous  commission. 

Senator  Morgan.  A  previous  commission,  yes;  but  I  am  asking 
whether  it  was  before  the  Board  ever  went  there  i 

General  Hains.  That  was  before  the  Board  went  there. 

Senator  Morgan.  Now,  the  Walker  Canal  Commission,  before  they 
ever  went  to  the  Isthmus  at  all,  went  to  Paris  i 

General  Hains.  Yes,  sir. 

Senator  Morgan.  And  made  an  investigation  there.  What  did  they 
go  there  for? 

Genei-al  Hains.  To  look  at  the  maps,  to  see  what  the  Frenchmen 
had  in  the  way  of  records,  papers,  and  all  kinds  of  things.  Then  we 
wanted  also — that  was  not  tne  only  object  we  had  in  going  to  Europe. 
We  did  not  confine  ourselves  to  a  visit  to  Paris.  We  went  and  visited 
all  the  big  canals  there.  We  went  to  the  Kiel  canal,  the  Amsterdam 
canal,  the  Manchester  Canal.  All  those  were  taken  in  in  our  examina- 
tion.    We  wanted  to  get  information. 

Senator  Morgan.  But  you  had  distinctly  in  view  the  question 
whether  or  not  you  would  ever  recommend  a  canal  at  Panama?  You 
had  that  distinctly  in  view,  and  you  went  to  examine  the  Panama 
scheme? 

General  Hains.  We  wanted  to  find  out  everything  about  it. 

Senator  Morgan.  Yes;  and  you  had  that  proposition  in  view,  that 
there  was  an  expectation  or  a  prospect  that  you  would  be  authorized 
or  required  to  recommend  the  Panama  scheme  to  the  United  States 
Government?     You  had  that  all  in  view  before  you  went  there  ^ 

General  Hains.  That  there  was  a  possibility  that  we  might  recom- 
mend the  Panama  route;  yes,  sir. 

Senator  Morgan.  How  did  you  get  that  idea  about  it;  from  discus- 
sions with  people,  or  just  vour  own  suggestions? 

General  Hains.  W^hv,  the  law  required  us. 

Senator  Morgan.  The  law  required  you  to  go  to  Paris? 

General  Hains.  No,  sir;  it  did  not  require  us  to  go  to  Paris.  It 
required  us  to  report  as  to  the  most  feasible  and  practicable  route  for 
a  canal  across  the  Isthmus. 

Senator  Morgan.  That  was  because  you  were  engineers,  and,  I  sup- 
pose, because  the  Congress  of  the  United  States  desired  to  know  what 
American  engineers  had  to  say  about  this  American  route;  not  about 
the  situation  in  Paris.     I  do  not  remember  that  anything  of  that  sort 
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occurred.  Now,  General,  did  you  not  go  there  because  you  knew  that 
propositions  were  to  be  made  for  the  transfer  of  that  canal  to  the 
United  States? 

General  Hains.  For  that  alone  ? 

Senator  Morgan.  I  did  not  say  "alone."  Was  that  one  of  the  rea- 
sons you  went  there — because  you  knew  that  propositions  were  to  be 
made  for  the  transfer  of  that  canal  to  the  United  States? 

General  Hains.  I  can  answer  that  question  in  this  way — that  I  did 

f;o  there  with  an  idea  in  my  mind  that  possibly  there  might  be  a  traus- 
er  of  that  property  to  the  United  States. 

Senator  morgan.  Was  that  just  a  remote  imagination  of  yours,  or 
was  it  founded  upon  facts  that  vou  knew  of  in  regard  to  a  transaction 
of  the  kind? 

General  Hains.  It  was  founded  on  the  fact  that  we  were  going  to 
report  as  to  which  was  the  best  route,  because  there  were  other  routes 
besides  Panama  and  Nicaragua,  and  we  wanted  to  find  out  all  about  it; 
and  we  wanted  to  see  the  Kiel  Canal,  the  Amsterdam  Canal,  and  the 
Manchester  Canal,  and  not  alone  to  go  to  Paris. 

Senator  Morgan.  1!ou  did  not  have  to  go  to  Paris  to  see  either  the 
Kiel  Canal  or  the  Amsterdam  Canal  or  any  other  canal  ? 

General  Hains.  No;  but  we 

Senator  Morgan.  You  went  there  to  get  information  in  regard  to 
the  Panama  route? 

General  Hains.  Yes;  we  went  there  to  get  information  in. regard 
to  the  Panama  route. 

Senator  Morgan.  And  before  the  Commission  had  ever  been  to 
Panama? 

General  Hains.  Before  the  Commission  as  a  body  had  ever  been  to 
Panama. 

Senator  Morgan.  I  am  trying  to  find  out  if  I  can,  General,  whether 
there  was  not  at  that  time  some  proposition  pending  that  would  be 
agreeable  to  the  French  Government  and  agreeable  to  the  Panama 
Canal  Company  by  which  the  property  was  to  be  Americanized,  or 
taken  over  by  the  United  States. 

General  Hains.  Oh,  I  have  seen  that  matter  discussed  in  the  papers, 
but  I  do  not  think  that  that  was  considered  in  the  Commission.  I  do 
not  remember  of  its  being  considered. 

Senator  Morgan.  Why  did  you  not  go  to  Colombia  and  ask  her 
if  she  was  willing  that  you  should  take  the  job  off  of  the  hands  of  the 
Panama  Canal  Company  ? 

General  Hains.  1  do  not  know. 

Senator  Morgan.  That  would  have  been  a  very  nice  thing  to  do, 
would  it  not — a  very  proper  thing? 

Senator  Hopkins.  They  had  no  authority  for  it,  did  the\'  ? 

General  Hains.  I  do  not  know  about  that,  either,  Senator. 

Senator  Morgan.  You  never  thought  about  that.  You  knew  that 
Colombia  owned  Panama  at  that  time,  did  ^'^ou  not?  She  had  granted 
the  concessions  for  the  canal  ? 

General  Hains.  I  knew  that  the  State  of  Panama  was  a  part  of  the 
Republic  of  Colombia;  yes,  sir. 

Senator  Morgan.  And  that  Colombia  had  granted  the  concessions 
to  the  French  Company  ? 

General  Hains.  Yes,  sir;  I  knew  that. 
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Senator  Morgan.  And  you  knew  that  if  you  took  it  over  at  all  it 
would  be  necessary  to  see  Colombia  about  it,  at  some  time  or  other, 
and  in  some  fashion  or  other? 

General  Hains.  It  would  have  been  necessary  to  have  made  some 
arrangement  with  Colombia. 

Senator  Hopkins.  General,  the  facts  were  known  to  all  the  Ameri- 
can people,  were  they  not,  just  as  well  as  to  the  Commission? 

General  Hains.  1  think  so.     I  think  they  were  known  to  everybody. 

Senator  Morgan.  1  must  protest  that  I  did  not  know  them. 

Senator  Hopkins.  You  may  be  an  exception,  then. 

Senator  Morgan.  1  hardly  think  1  am  by  many  millions. 

The  Chairman.  Senator,  1  did  not  know  that  there  was  anything  in 
connection  with  that  project  down  there  that  you  were  not  informed 
about. 

Senator  Hopkins.  The  general  impression  in  this  country  is  that  he 
knows  as  much  about  it  as  anybody. 

Senator  Morgan.  I  am  in  just  the  same  situation  as  this  committee 
is  to-day,  with  a  lot  of  suspicions  in  their  minds  and  not  any  satisfac- 
tory information  or  the  possibility,  probably,  of  ever  digging  into  it. 
That  is  the  situation  I  am  in. 

Senator  Taliaferro.  General,  when  the  Commission  went  to  Paris, 
had  a  proposition  been  made  to  sell  that  French  property  to  this 
Government? 

General  Hains.  I  do  not  think  it  had,  sir.  I  do  not  think  it  had 
been  made  by  anybody.     In  fact,  I  am  quite  sure  that  it  had  not  been. 

Senator  Morgan.  Did  you  know  at  that  time  of  any  American  that 
had  a  right  derived  from  the  Panama  Canal  Company  to  sell  that 

Kroperty  to  the  United  States,  or  to  sell  it  to  any  syndicate  that  might 
e  lormed  here? 

Geneml  Hains.  No,  sir;  I  did  not. 

Senator  Morgan.  You  did  not  hear  of  it? 

General  Hains.  No,  sir. 

Senator  Morgan.  I  am  afraid  they  did  not  have  confidence  in  you, 
General,  such  as  I  have.  They  were  afraid  to  trust  you.  [Laughter.] 
However,  you  ^ent  there,  and  you  were  entertained  there  by  the 
Frenchmen  ? 

General  Hains.  The  Frenchmen  gave  us  a  dinner,  and  we  gave  them 
a  dinner.     We  had  that  much  entertainment,  and  no  more. 

Senator  Morgan.  1  am  glad  you  had  that  much.  Then  you  came 
back,  and  then  you  went  afterwards  to  the  Isthmus  of  Panama. 

General  Hains.  Oh,  no:  I  did  not  come  back. 

Senator  Morgan.  You  went  from  there  to  the  Isthmus? 

General  Hains.  Oh,  to  Panama — yes;  I  thought  you  meant  to 
the  other  canals. 

Senator  Morgan.  No;  you  came  back  to  New  York,  and  then  went 
down  to  Panama? 

General  Hains.  And  then  in  December,  I  think  it  was,  we  went 
down  to  Panama. 

Senator  Morgan.  About  what  time  did  you  get  back  from  Paris,  if 
you  remember? 

General  Hains.  Let  me  see.  I  think  we  were  over  there  altogether 
about  six  weeks. 

Senator  Morgan.  In  Paris? 
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General  Hains.  No,  sir;  we  were  between  two  and  three  weeks,  I 
think,  in  Paris,  and  the  remainder  of  the  time  was  taken  up  in  going 
to  Kiel  and  examining  the  Kiel  Canal,  the  Amsteixlam  Canal,  and  the 
Manchester  Canal. 

Senator  Morgan.  Then,  how  long  was  it  before  you  got  down  to  the 
Isthmus  again  ? 

General  Hains.  We  left  here,  I  think,  to  go  to  Paris  about  the 
latter  part  of  July  or  the  first  of  August,  and  we  went  to  Panama 
about  December. 

Senator  Morgan.  Yes,  in  December;  and  you  spent  about  thirty  or 
thirty -one  days  there? 

General  Hains.  No;  we  spent  about  three  months  there. 

Senator  Morgan.  At  Panama  i 

General  Hains.  On  the  Isthmus.  No;  we  did  not  stay  at  Panama 
all  the  time.     We  went  to  Nicaragua  first. 

Senator  Morgan.  I  am  not  talking  about  Nicaragua;  I  am  talking 
about  what  time  you  spent  at  Panama. 

General  Hains.  You  asked  me  what  time  we  left  New  York. 

Senator  Morgan.  Yes. 

General  Hains.  When  we  went  south  there  we  did  not  go  to  Panama 
alone;  we  went  to  these  other  places. 

Senator  Morgan.  I  know;  you  went  to  Nicaragua  first? 

General  Hains.  Yes. 

Senator  Morgan.  What  I  wanted  to  get  at  is  when  you  arrived  at 
Panama,  as  near  the  date  as  practicable,  and  how  long  you  staid 
there. 

General  Hains.  I  think  we  were  on  the  Panama  Isthmus  something 
like  about  three  weeks. 

Senator  Morgan.  That  is  mj'^  calculation;  I  think  it  is  a  little  more 
than  that.     I  think  it  was  about  thirty  days. 

General  Hains.  I  think  perhaps  it  was.  I  do  not  remember  exactly, 
but  it  WHS  somewhere  about  that  time. 

Senator  Morgan.  Now,  during  that  time,  after  your  arrival  from 
Paris  in  New  York  and  before  you  went  down  to  Nicaragua  and 
Panama,  this  subject  of  the  taking  over  of  the  Panama  Canal  was 
publicly  discussed  in  the  newspapers,  was  it  not? 

General  Hains.   Yes,  sir. 

Senator  Morgan.  There  got  to  be  quite  rife,  active  inquiry  about 
taking  it  over? 

General  Hains.  I  do  not  remember  much  about  that,  Senator.  I 
know,  just  as  a  general  fact,  that  the  question  was  for  us  to  report  on 
the  most  feasible  and  practicable  route,  and  Nicai*agua  and  Panama 
were  the  tw^o  prominent  ones.     Then  there  were  some  others  also. 

Senator  Morgan.  Did  you  meet  Buneau-Varilla  while  you  were  in 
Paris  ? 

General  Hains.  No,  sir;  I  never  saw  Buneau-Varilla  until,  I  think, 
about  the  latter  part  of  liK)l,  over  here. 

Senator  Morgan.  Did  you  meet  General  Abbot  over  there  ? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  What  was  he  doing  there? 

General  Hains.  He  at  that  time  was  a  member  of  the  technical  com- 
mission of  the  French  company. 

Senator  Morgan.  And  you  conferred  with  him  about  the  canal  situ- 
ation, of  course? 
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Geneml  Hains.  Yes,  sir. 

Senator  Mokgan.  He  was  then  in  the  emplo3^ment  of  the  French 
Government,  was  he  not,  or  the  Canal  Company  ? 

General  Hains.  I  think  he  was. 

Senator  Morgan.  And  he  continued  so  for  a  long  time? 

General  Hains.  My  underatanding  was  that  he  was  at  that  time,  and 
was  continued  for  some  time  afterwards,  but  how  long  I  do  not  know. 

Senator  Morgan.  Several  years — two  or  three  years? 

General  Hains.  I  do  not  tliink  as  long  as  that,  Senator;  but  still  I 
do  not  know. 

Senator  Morgan.  You  do  not  know? 

General  Hains.  No. 

Senator  Morgan.  Then  when  you  got  to  Panama  in  your  explora- 
tions this  subject  opened  up,  and  it  got  to  be  a  matter  of  very  consid- 
erable interest,  I  suppose,  to  a  good  many  people  about  whether  the 
canal  should  be  located  at  Panama  or  up  here  at  rJicaragua.  That  was 
a  great  controversy  at  that  time,  was  it  not? 

General  Hains.  Yes.  sir. 

Senator  Morgan.  Was  that  about  the  time  that  the  Oregon  doubled 
the  Horn  and  came  up  to  Santiago,  or  a  little  before? 

General  Hains.  Oh,  that  was  afterwards. 

Senator  Morgan.  Yes— afterwards.  Now,  Geneml,  you  were  put 
upon  this  commission  of  execution  or  of  work  on  the  canal  in  April, 
1905? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  You  went  down  there  and  made  an  inspection 
of  the  work  ? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  How  long  after  your  appointment? 

General  Hains.  A  little  over  three  months. 

Senator  Morgan.  Was  the  yellow  fever  prevailing  down  there  dur- 
ing that  period  of  three  months? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  And  I  suppose  that  was  a  reason,  and  a  very  good 
one,  why  the  Commission  did  not  want  to  go  down  there? 

General  Hains.  I  do  not  know  that  the  Commission  were  anxious  to 
jump  into  a  place  where  there  was  yellow  fever,  but  1  do  not  think  the 
Commission  were  trying  to  shirk  it,  if  it  was  proper  for  them  to  go. 

Senator  Morgan.  Well,  they  found  plenty  of  work  to  do  here? 

General  Hains.  Yes,  sir;  there  was  plenty  of  work.  You  see,  Sen- 
ator, when  this  new  Commission  was  organized,  it  was  organized  on 
an  entirely  different  basis  from  the  old  Commission. 

Senator  Morgan.  And  with  new  material? 

General  Hains.  Nearly  all  new  material.  Before  that  the  construc- 
tion of  the  canal  was  confided  to  the  Commission.  Under  the  Presi- 
dent's order  pretty  nearly  all  the  duties  were  transferred  to  the  chair- 
man, the  governor,  and  the  chief  engineer. 

Senator  Morgan.  I  know  there  was  a  complete  change  in  the  pro- 
gramme of  government  and  construction? 

Geneml  Hains.  Yes;  and  the  other  four  members  became  practically 
consulting  engineers  to  the  chairman. 

Senator  Morgan.  I  understand  that.  I  do  not  care  about  going 
into  the  particulars  of  the  form  of  the  reconstruction.  I  want  to  ^et 
at  the  fact  that  there  was  a  reconstruction,  new  officers  were  put  m, 
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including  the  Commissioners  and  a  great  many  other  additional  officers, 
and  that  after  your  appointment,  and  after  you  bad  participated  in 
arranging  this  new  organization^  you  went  down  there  to  put  it  into 
effect,  and  that 

General  Hains.  No,  sir;  I  did  not  go  down  there  for  that  purpose. 

Senator  Morgan.  I  am  not  speaking  of  you  personally;  I  am  speak- 
ing about  the  Commission. 

General  Hains.  No,  sir;  the  Commission  did  not  go  down  for  that 
purpose.  I  did  not  ^o  down  there  with  the  Commission.  I  went  down 
there  along  with  Major  Harrod  in  July,  because  Mr.  Wallace  had  just 
resigned  and  had  left  things  down  there  in  such  a  condition  that  the 
Commission  did  not  know  exactly  what  the  state  of  affairs  was;  and  we 
had  a  meeting,  and  at  the  meeting  it  was  ordered  that  Major  Harrod 
and  myself  should  go  down  there  immediately  and  see  what  the  condi- 
tions were. 

Senator  Morgan.  Mr.  Wallace  had  not  been  a  member  of  the  Com- 
mission prior  to  Aoril,  1906? 

General  Hains.  No,  sir. 

Senator  Morgan.  He  was  put  into  the  new  Commission? 

Geneml  Hains.  He  was  put  in  at  the  same  time  I  was. 

Senator  Morgan.  And  then  he  resigned  somewhere  about  June? 

General  Hains.  The  1st  of  July,  I  think  it  was,  or  the  latter  part 
of  June. 

Senator  Morgan.  The  latter  part  of  June  or  the  first  of  July;  yes. 

General  Hains.  Yes. 

Senator  Morgan.  And  then  you  went  down  there  with  Mr.  Harrod 
for  the  purpose  of  looking  at  the  situation  and  seeing  how  everything 
was  getting  on,  what  work  was  being  done,  and  all  about  it,  and  to 
examine  the  situation  ? 

Geneiul  Hains.  To  try  to  find  out  what  had  been  done. 

Senator  Morgan.  Yes.  Now,  1  want  to  take  the  period  when  you 
went  there — that  is  what  I  want  to  get  at — and  to  ascertain  from  you, 
by  comparisons  with  the  situation  that  existed  there  at  the  time  you 
made  your  first  visit,  as  to  what  work  had  been  done  by  the  first 
commission  of  construction,  headed  by  Admiral  Walker? 

General  Hains.  In  starting  a  great  work  like  that.  Senator,  there 
is  a  great  deal  that  has  to  be  done,  and  a  great  deal  had  been  done. 
At  the  time  we  were  there,  so  far  as  you  could  see  on  the  surface, 
there  was  not  much  difference  in  the  amount  of  work  done;  but  there 
had  been  an  organization  perfected,  and  they  had  gotten  to  work  and 
had  excavated  something  like  800,000  to  1,000,000  cubic  yards  of 
materia)  out  of  the  Culebra  Cut. 

Senator  Morgan.  This  first  Commission? 

General  Hains.  The  first  Commission  had;  yes,  sir.  Now,  those 
figures,  Senator,  are  just  rough  figures.  I  may  have  over-estimated 
that;  I  think  perhaps  I  have. 

Senator  Morgan.  1  know;  but  the  reports  will  show  what  it  was? 

General  Hains.  Yes. 

Senator  Morgan.  That  work  was  really  premature,  was  it  not? 
The  condition  of  the  other  parts  of  the  establishment  between  Colon 
and  Panama  was  not  such  as  to  justify  going  regularly'  to  work  and 
digging  out  the  Culebra  Heights?  It  would  have  oeen  just  as  well  if 
that  work  had  been  omitted,  would  it  not? 
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General  Hains.  I  think  it  would  have  been  a  great  deal  better  if 
they  had  not  undertaken  it  at  all. 

Senator  Morgan.  But  you  remember  an  outcrj'^,  do  you  not,  in  the 
country  here,  about  "making  the  dirt  fly?" 

General  Hains.  Yes. 

Senator  Morgan.  You  remember  that? 

General  Hains.  Oh,  I  have  seen  it. 

Senator  Morgan.  You  remember  the  pledges  of  some  great,  lead- 
ing members  of  the  Cabinet  that  we  were  going  to  work  to  "  make 
the  dirt  flv?" 

General  Hains.  I  do  not  know  who  did  it,  Senator;  but  I  know 
that  I  have  heard  of  ^^  flying  dirt." 

Senator  Morgan.  We  all  know,  except  you,  who  made  it.  Now, 
was  there  not,  General,  a  very  great  pressure  in  this  country  to  have 
that  digging  going  on  at  once  and  very  rapidly  while  this  hrst  Com- 
mission were  merely  making  preparations,  or  trying  to  make  prepara- 
tions, to  conduct  the  work  successfully  and  economically?  Was  there 
not  very  great  pressure  about  it^ 

General  Hains.  I  think  a  great  many  people  had  an  idea  that  all 
they  had  to  do  was  to  send  out  a  lot  of  people  there  and  fling  the  dirt 
out  of  a  ditch,  and  get  the  canal  built  quickly  in  that  way. 

Senator  Morgan.  And  that  was  in  fact  the  last  work  you  had  to  do 
after  you  got  ready  for  it? 

General  Hains.  1  think  there  ought  to  have  been  about  two  years 
spent  in  preparation. 

Senator  morgan.  Two  years? 

(General  Hains.  Yes,  sir. 

Senator  Morgan.  Now,  (xeneral,  in  the  way  of  preparation,  except 
the  diversion  of  this  work  into  the  Culebra  Cut,  did  you  see  any  want 
of  diligence  or  attention  or  enterprise  amongst  the  Commissioners  or 
theii*  emplo^'ees  in  what  they  haa  been  doing  down  there?  Did  you 
find  that  they  had  been  loitering  and  disregarding  their  work,  or  any- 
thing of  that  kind?     1  refer  to  the  old  Commission  that  preceded  you. 

General  Hains.  No,  sir;  I  can  not  say  that  I  saw  any  evidence  of 
neglect  on  the  part  of  the  old  Commission. 

Senator  Morgan.  Or  of  any  of  their  employees? 

General  Hains.  No;  I  do  not  think  on  the  part  of  any  of  the  em- 
ployees, either. 

Senator  Morgan.  Did  you  hear  any  accusations  brought  by  any-- 
bod}^  against  the  old  Commission   to  the  effect  that  they  were  not 
devotedly  performing  their  duty  there  in  trying  to  put  that  work  on 
its  feet  so  that  it  could  be  done  in  a  rational  way  ? 

General  Hains.  I  saw  all  kinds  of  statements  in  the  papers,  you 
know.  Senator;  that  is  about  all.  I  never  saw  an}' thing  else,  or  never 
heard  of  anything  else,  except  reports  in  the  papers;  that  is  all. 

Senator  Morgan.  Those  reports,  as  of  course  we  know,  are  not 
predicated  upon  a  knowledge  of  the  situation. 

General  Hains.  No,  sir;  they  are  not. 

Senator  Morgan.  And  therefore  they  were  either  mistakes  or  else 
misrepresentations.  Now,  do  you  know  of  any  cause,  affecting  all  or 
any  of  the  members  of  the  first  Commission,  for  their  removal? 

General  Hains.  Cause  for  removal  of  the  members  of  the  Cora- 
mission  ? 
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Senator  Morgan.  Yes;  all  of  them  or  any  of  them? 

General  Hains.  I  do  not  see  how  I  could  very  well,  Senator,  become 
acquainted  with  any  cause  for  that;  because,  you  know,  I  had  nothing 
to  do  with  the  Commission.     I  was  only  a  citizen  of  the  country.. 

Senator  Morgan.  You  were  a  Commissioner,  of  course? 

General  Hains.  No;  not  at  that  time. 

Senator  Morgan.  But  I  mean  when  you  went  down  there  to  make 
this  inspection. 

General  Hains.  Oh,  yes. 

Senator  Morgan.  Yes,  sir;  and  you  were  looking  over  what  had 
been  done? 

General  Hains.  Y'es. 

Senator  Morgan.  As  it  was  your  duty  and  your  right  to  do;  and 
you  had  a  right  to  make  the  most  intimate  inquiries  in  regard  to  every 
man  who  haxl  been  at  work  there,  to  know  whether  he  had  done  his 
duty  or  not.  Did  you  meet  with  any  accusations  against  any  man  of 
an  important  character — 1  am  talking  about  men  wno  controlled  the 
work — as  to  their  delinquency  or  their  want  of  efficiency  in  conducting 
that  work  ? 

General  Hains.  I  do  not  remember  of  any. 

Senator  Morgan.  If  such  things  had  occurred  thej'  certainly  would 
have  impressed  your  mind? 

General  Hains.  Yes;  I  think  so. 

Senator  Morgan.  Because  they  would  have  been  very  serious  mat- 
ters. So  that  so  far  as  you  know  or  could  discern  or  see  there  wa.s 
no  dereliction  of  duty  that  was  visible,  if  I  understand  you  correctly, 
and  you  did  not  know  of  an}'  accusations  that  were  bi  ought  against 
that  Commission  or  any  member  of  it  that  required  that  they  should 
be  removed  from  the  public  service? 

General  Hains.  No,  sir. 

Senator  Morgan.  Were  their  resignations  voluntary  or  were  they 
required;  do  you  know? 

General  Hains.  I  do  not  know. 

Senator  Morgan.  The}'  made  no  complaint  that  you  heard  of  about 
being  removed? 

General  Hains.  No,  sir. 

Senator  Morgan.  And  none  of  them  ever  evinced  any  dissatisfac- 
tion with  the  action  of  the  Government  in  removing  them,  so  far  as 
•3'ou  know? 

General  Hains.  No;  I  do  not  know  of  their  doing  so. 

Senator  Morgan.  So  that  so  far  as  you  knew  or  were  informed, 
there  was  no  known  cause  for  the  change  of  the  Commission  ? 

General  Hains.  No;  I  did  not  know  of  any  cause. 

Senator  Morgan.  You  found  that  that  old  Commission,  the  first 
Commission,  had  prepared  a  very  ample  code  of  statute  laws  for  the 
Zone? 

General  Hains.  1  can  not  say  that  I  know  much  about  the  laws  that 
they  prepared,  Senator. 

Senator  Morgan.  You  have  vseen  the  book,  have  you  not? 

General  Hains.  Yes;  I  have  seen  the  book,  but  I  have  not  read  the 
book. 

Senator  Morgan.  You  have  not  read  it? 

General  Hains.  No,  sir. 


INVESTIGATION   OF   PANAMA   CANAL   MATTERS.  755 

Senator  Morgan.  So  you  do  not  know  what  the  laws  of  the  Zone 
are? 

General  Hains.  No,  sir;  I  do  not  know  what  the  laws  are.  I  do  not 
consider  that  I  have  anything  to  do  about  the  government  of  the  Zone 
on  this  Commission.  I  have  nothing  to  do  with  anything  except  the 
engineering  matters. 

Senator  Morgan.  That  is,  since  you  have  been  in  there? 

General  Hains.  Since  I  have  been  in  there. 

Senator  Morgan.  And  you  have  not  put  yourself  to  the  trouble  of 
trying  to  find  out  what  other  departments  there  had  been  engaged  in 
doing? 

General  Hains.  No;  not  specially;  no,  sir. 

Senator  Morgan.  I  have  read  that  code  of  laws,  and  I  am  supposed 
to  be  a  lawyer,  and  1  think  it  is  a  very  highly  commendable  body  of 
statute  laws,  and  it  must  have  taken  a  great  deal  of  work  and  a  great 
deal  of  wisdom,  too,  to  have  enacted  that  body  of  laws  for  a  perfectly 
new  situation.  That  is  the  reason  why  I  asked  you  about  the  govern- 
ment of  the  Canal  Zone.  At  the  time  that  this  Commission  took 
charge  of  the  propert}^  there,  the  Zone,  and  before  tliat  time,  if  I 
understand  the  situation — ^and  I  want  to  see  if  you  understand  it  as  I 
do — the  civil  and  criminal  laws  that  governed  there  were  the  laws  of 
Colombia? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  Or  the  police  laws  of  the  State  of  Panama? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  And  that  entire  system  had  to  be  substituted  to 
meet  new  conditions? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  That  became  the  Government  of  the  United  States  ? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  They  adopted  some  of  the  old  Spanish  laws  that 
were  remaining  there,  to  get  along  with  them  until  they  could  substi- 
tute them  with  laws  that  were  better.  It  has  always  occurred  to  me 
that  that  was  a  very  great  labor,  and  it  was  well  performed.  Since 
you  have  been  a  Commissioner,  in  whose  charge  has  the  conduct  of 
the  railroad  been? 

General  Hains.  The  Panama  Railroad  Company? 

Senator  Morgan.  Yes;  the  Panama  Railroad  Company.  You  were 
one  of  the  directors? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  Did  you  ever  participate  in  any  of  the  meetings? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  And  took  your  part  of  the  work  of  directing  the 
work  of  that  railroad  companj^  i 

General  Hains.  Yes,  sir. 

Senator  Morgan.  Who  are  the  chief  men  that  control  it,  besides 
the  directors? 

General  Hains.  The  president  of  the  road  and  the  superintendent 
or  chief  engineer. 

Senator  Morgan.  Who  was  the  superintendent? 

General  Hains.  The  chief  engineer  of  the  canal,  Mr.  Wallace;  I 
think  he  was  the  superintendent  during  the  time  he  was  there,  and 
Mr.  Stevens  has  been  since. 
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Senator  Morgan.  Mr.  Shonts  has  never  been?.  He  was  president 
of  the  roadi 

General  Hains.  Mr.  Shonts  is  president  of  the  road. 

Senator  Morgan.  They  have  a  president  and  a  general  superin- 
tendent? 

General  Hains.  I  believe  that  is  his  position — ^general  superin* 
tendent. 

Senator  Morgan.  What  body  of  men  was  it — the  Canal  Commis- 
sioners or  the  railroad  directors — that  prescribed  the  freight  rates,  for 
instance,  for  that  railroad? 

General  Hains.  Oh,  that  was  some  officer  of  the  company.  I  did 
not  have  anything  to  do  with  that. 

Senator  Morgan.  If  you  ever  prescribed  any  freight  rate's  as  a  Com- 
missioner, you  did  not  know  it? 

General  Hains.  No,  sir. 

Senator  Morgan.  Who  had  the  direction  of  the  purchase  of  the 
ships  or  the  acauiring  of  ships  in  addition  to  those  that  belonged  to 
the  railroad  uncier  charter  parties? 

General  Hains.  That  matter  was  considered  by  the  board  of  directors. 

Senator  Morgan.  Of  the  railroad? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  What  part  or  function  does  that  railroad  perform 
in  the  actual  work  of  carrying  this  canal  into  successful  operation? 

General  Hains.  The  i-ailro^? 

Senator  Morgan.  The  railroad. 

General  Hains.  Oh,  it  is  an  absolute  necessity.  It  is  like  any  tool 
for  doing  a  piece  of  work;  you  could  not  do  it  without  it. 

Senator  Morgan.  Therefore,  during  the  time  since  the  thing  has 
been  in  operation  it  was  the  prime  factor  in  the  work? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  And  the  direction  of  the  railroad,  therefore,  was 
quite  as  important  a  matter  as  the  direction  of  the  work  on  the  canal? 

General  Hains.  Yes;  to  some  extent. 

Senator  Morgan.  You  got  all  your  material  from  the  railroad  from 
abroad — all  that  was  imported? 

General  Hains.  I  had  nothing  to  do  with  the  procuring  of  material. 

Senator  Morgan.  No;  you  had  not  anything  to  do  witn  it,  but  \^ou 
have  a  general  knowledge  of  the  fact  that  all  the  material  was  imported 
there  through  the  assistance  of  the  railroad  and  its  ships? 

General  Hains.  Oh,  you  mean  carried  down  there? 

Senator  Morgan.  Carried  down  there  to  the  place. 

General  Hains.  Oh,  yes;  yes. 

Senator  Morgan.  And  of  course  the  transpoitation 

General  Hains.  But,  Senator,  allow  me:  I  think  perhaps  that  is  so 
as  to  a  large  amount  of  it;  but  there  was  quite  a  good  amount  also 
which  was  taken  down  there  on  other  vessels,  outside  of  the  vessels  in 
the  employ  of  the  Government. 

Senator  Morgan.  A  great  amount  of  it,  of  course^  but  the  railroad 
was  still  an  indispensable  factor  in  supplying  material  and  men  and 
provisions  and  everything  else  to  that  canal  work? 

General  Hains.  '  iTes,  sir. 

Senator  Morgan.  Did  you  ever  sit  as  a  (>)mmissioner  upon  the 
investigation  of  a  claim  brought  by  the  New  Panama  Canal  Company 
against  the  United  States  for  a  sum  somewhat  above  two  millions  of 
dollars? 
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General  Hains.  Did  I  ever  do  what  about  it?     . 

Senator  Morgan.  Did  you  ever,  as  a  Commissioner,  sit  in  judgment 
or  in  inquiry  upon  the  examination  of  such  a  claim  as  that? 

General  Hains.  No,  sir. 

Senator  Morgan.  You  have  seen  the  examination  on  the  minutes  of 
your  Commission,  have  you  not? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  You  have  seen  that? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  Di3  all  that  occur  before  you  became  a  Comnns 
sioner? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  Is  it  still  pending,  undecided? 

General  Hains.  I  so  understand;  I  do  not  know.  I  suppose  it  is 
still  pending.     Yes,  I  am  quite  sure  that  it  is  still  pending. 

Senator  Morgan.  That  claim  is  still  pending  and  undecided? 

General  Hains.  Undecided. 

Senator  Morgan.  It  covers,  if  I  understand  it  right,  work  done  on 
the  canal  between  the  time  that  the  first  oflfer  was  made  by  Monsieur 
Bo  in  behalf  of  that  canal  company  to  sell  the  property  and  the 
time  of  the  turning  over  of  the  property  under  the  Hay-Varilla  treaty. 
That  is  the  period  of  time  that  was  covered  by  this  claim,  in  my  under- 
standing. Do  you  understand  it  that  way — that  it  is  for  tne  work 
done  between  those  two  periods  of  time  upon  the  canal  ? 

General  Hains.  I  thinK  the  idea  is  to  go  back  further  than  that  with 
that  claim,  Senator. 

Senator  Morgan.  How  far  back? 

General  Hains.  Oh,  I  think  they  claim  away  back  until  some  time 
when  they  believed  we  made  our  first  estimate.  That  would  be  some 
time  in  1899. 

Senator  Morgan.  Yes;  I  think  you  are  right  about  that — when  they 
supposed  or  believed  that  you  had  made  your  first  estimate? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  Which,  when  summed  up,  amounted  to  forty  mil- 
lions of  dollars  ? 

General  Hains.  Yes;  we  summed  up  that  it  was  worth  $40,000,000. 

Senator  Morgan.  I  will  just  call  one  item  to  your  attention.  That 
estimate  included  the  removal  of  the  railroad  line  from  one  side  of  the 
country^  there  to  another,  did  it  not?  That  estimate  included  com- 
pensation to  the  Panama  Canal  Company  for  having  transferred  the 
track  and  removed  it  from  one  side  of  the  Chagres  Kiver,  I  will  say, 
to  the  other? 

General  Hains.  Oh,  I  think  there  is  included  an  item  of  $300,000 
for  a  diversion  of  the  railroad. 

Senator  Morgan.  Yes. 

General  Hains.  But  that  is  only  for  a  little*  piece  of  it — a  small  piece 
of  it. 

Senator  Morgan.  I  know  it  is  a  small  piece  of  it;  but  it  cost  a  great 
deal. 

General  Hains.  Yes;  but  it  was  not 

Senator  Morgan.     Well,  that  item  was  in  it? 

General  Hains.  It  was  to  get  the  road  around  Culebra  hill. 

Senator  Morgan.     Yes.  Whv  was  that? 
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General  Hains.  The  road  was  located  somewhat  farther  to  the  east- 
ward before  that,  and  it  was  removed  so  as  to  get  around  hack  of  the 
hill  and  cross  near  the  reservoir  that  has  been  built  there  for  the 
water-supply  of  the  city  of  Panama. 

Senator  Morgan.  The  point  I  want  to  getat  is  this:  That  all  of  that 
diversion  of  the  railroad  had  been  made  before  you  went  down  there  to 
make  your  examination,  had  it  not? 

General  Hains.  I  can  not  say. 

Senator  Morgan.  You  do  not  know  whether  it  was  before  or  since? 

General  Hains.  No,  sir;  I  do  not  know.  No;  I  do  not  think  it  was, 
Senator.     I  do  not  think  it  was. 

Senator  Morgan.  It  was  before  anjr  agreement  was  made  or  accepted 
between  the  United  States  or  any  of  its  agents  and  the  Panama  Canal 
Compan}'  for  the  purchase  of  the  property  of  the  canal  company  ? 

General  Hains.  I  can  not  say  that  positively,  either. 

Senator  Morgan.  You  do  not  know  ? 

General  Hains.  No;  I  do  not  know. 

Senator  Morgan.  That  diversion  was  not  made  after  the  first  Walker 
Commission  of  construction  took  possession  ?  It  was  made  l)efore  that 
time,  was  it  not? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  Now,  that  was  made  necessary' — I  want  to  get 
your  opinion  about  that — by  the  work  that  was  being  done  by  the 
Frenchmen  in  building  that  canal  through  Culebra  Heights? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  It  was  a  part  of  the  necessity  of  the  work  that 
thev  were  conducting  at  Culebra  Heights  that  made  it  necessary  to 
make  this  diversion  of  a  part  of  the  track  around  that  hill,  to  put  it  on 
the  other  side  of  the  hill,  if  I  understand  it? 

(ienei-al  Hains.  Yes;  but  it  would  have  been  the  same  thing  if  any- 
body else  was  doing  the  same  work.  Senator. 

Senator  Morgan.  But  they  were  doing  it  for  themselves? 

General  Hains.  At  that  time  I  think  they  were. 

Senator  Morgan.  They  were  not  doing  it  under  any  obligation  or 
promise  or  suggestion  of  the  United  States? 

General  Hains.  No,  sir. 

Senator  Morgan.  I  have  alwavs  been  curious  to  know  why  that 
$300,000  item  was  put  into  that  $l0,000,000. 

General  Hains.  That  $300,000  item  was  put  in  there  because  that 
diversion  we  considered  as  necessary  to  be  made. 

Senator  Morgan.  And  if  the}^  had  not  made  it,  you  would  have  had 
it  to  make? 

General  Hains.  If  they  had  not  made  it,  we  would  have  had  to 
make  it. 

Senator  Morgan.  It  is  equally  necessary  to  dig  the  canal  out  from 
Bohio  to  the  seaboard,  is  it  not? 

General  Hains.  Yes;  but  if  they  had  done  it,  I  think  we  ought  to 
have  paid  them  for  it. 

Senator  Morgan.  You  think  the  diversion  being  put  in  there  to 
facilitate  the  work  on  the  Culebra  Heights  was  something  that  the 
United  States  ought  to  pay  for,  although  it  was  done  before  we  took 
possession  or  had  anv  right  to  the  property  at  all? 

General  Hains.  If  they  are  entitled  to  pay  for  the  work  that  they 
did  after  any  specified  date  that  might  be  agreed  on,  it  seems  to  me 
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that  they  ought  to  be  paid  also  for  that  diversion  if  that,  was  done 
subsequent  to  that  same  date. 

Senator  Morgan.  Well,  they  had  bought,  after  the  others  had  built 
it,  the  entire  railroad  line  through  from  shore  to  shore  or  the  stock  in 
it.  Was  it  necessary,  because  they  had  done  that  work,  that  the 
United  States  should  pay  them  for  betterments  put  upon  it? 

General  Hains.  I  do  not  know  about  the  betterments;  but,  Senator, 
wc  paid  them  for  the  Panama  Railroad  itself. 

Senator  Morgan.   We  paid  them  for  the  stock;  we  bought  the  stock. 

General  Hains.  We  bought  the  stock,  but  we  did  not  care  anything 
about  the  stock  itself.     What  we  wanted  was  the  railroad. 

Senator  Morgan.  But  you  could  not  get  the  railroad  without  the 
stock. 

General  Hains.  That  is  very  true. 

Senator  Morgan.  Yes.  Now,  in  buying  up  the  stock  and  paying 
them  in  full  what  they  asked  for  it,  whatever  it  was  ($8,000,000  or 
$10,000,000  or  $18,000,000,  whatever  it  might  have  been),  we  paid  for 
all  that;  we  paid  for  all  the  betterments  and  all  the  improvements  and 
everything  else  that  had  been  done  there  when  we  bought  the  stock. 
That  being  so,  after  buying  the  stock  and  paying  for  it,  can  you 
exactly  see  light  through  the  proposition  that  we  ought  also  to  pay  for 
the  betterments  they  put  there  in  transferring  this  road  from  one  place 
to  another? 

General  Hains.  If  the  French  company's  proposition  had  been 
accepted  before  that  diversion  had  taken  place  the  whole  cost  of  this 
would  have  fallen  on  the  United  States. 

Senator  Morgan.  But  it  was  not.  That  is  exactly  what  did  not 
happen,  and  after  that  we  bought  the  entire  property  by  buying  the 
stock. 

General  Hains.  I  am  of  the  opinion,  although  I  can  not  state  posi- 
tively about  it,  that  this  diversion  of  the  railroad  was  being  maae  at 
this  very  time.  Senator— at  the  time  that  we  made  this  estimate. 

Senator  Morgan.  It  was  being  made  at  that  time? 

General  Hains.  Yes;  I  think  it  was  then  being  made. 

Senator  Morgan.  It  was  made  for  their  own  convenience,  was  it 
not  i 

General  Hains.  Well,  yes. 

Senator  Morgan.  It  was  made  in  their  effort  to  work  out  the  canal 
plan  that  they  were  bound  to  make  good  to  Colombia^ 

General  Hains.  Yes;  it  was  being  made  for  them. 

Senator  Morgan.  They  had  a  contract  with  Colombia  for  the  con- 
struction of  that  canal?     That  is  to  sa}^,  they  had  a  concession? 

General  Hains.  Yes. 

Senator  Morgan.  And  Colombia  had  a  ver}^  great  interest  in  it.  At 
the  end  of  ninety- nine  years  it  was  all  to  go  to  Colombia,  every  bit  of 
it,  was  it  not? 

General  Hains.  Yes. 

Senator  Morgan.  And  of  course  they  were  doing  it  in  order  to 
facilitate  their  own  work  in  holding  on  to  their  concession.  Now,  Gen- 
eral, was  not  the  work  that  they  were  doing  there  at  the  time  that  you 
saw  them  at  work  during  these  thirty  days  that  you  spent  on  the  Isth- 
mus palpably  work  that  was  being  done  in  a  perfunctory  way  in  order 
to  hold  on  to  their  concessions  from  Colombia  ? 

General  Hains.  I  could  only  express  an  opinion  on  that  point. 
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Senator  Morgan.  That  is  exactly  what  I  want. 

General  Hains.  Well,  it  looked  that  way. 

Senator  Morgan.  Yes;  it  did  not  look  any  other  way,  did  it? 

General  Hains.  I  think  my  answer  is  about  all  I  can  say  about  it. 
It  looked  as  though  it  was  being  done  in  a  perfunctory  way  for  the 
purpose  of  keeping  alive  the  concession. 

Senator  Morgan.  You  had  no  doubt  about  what  thej^  were  doing 
there  and  that  that  was  exactly  what  they  were  doing — they  were 
working  to  keep  the  concession  alive? 

General  Hains.  I  guess  that  was  it.  I  do  not  know  positively,  Sen- 
ator; but  it  looked  that  way. 

Senator  Morgan.  At  the  rate  of  work  that  they  were  doing  at  the 
time  you  first  saw  that  work  there,  when  you  went  down  with  the 
Commission,  how  long  would  it  have  taken  them  to  have  completed  a 
lock  canal? 

General  Hains.  At  that  rate  of  work? 

Senator  Morgan.  Yes. 

General  Hains.  Oh,  I  think  they  could  have  finished  it  in  the 
course  of  fifty  or  seventy -five  years. 

Senator  Morgan.  Yes,  I  expect  they  would;  but  the  concessions 
would  have  been  dead  fortj^-five  or  fifty  years  before  they  got  through 
it,  and  Colombia  would  have  had  it  all.  That  was  the  situation  they 
were  in. 

Now,  while  they  were  doing  this  work  on  Culebra  Heights  they  were 
permitting  the  prism  of  the  canal  that  they  had  dredged  out  to.till  up, 
without  taking  any  care  of  it  at  all?     Was  not  that  the  situation? 

General  Hains.  I  think  that  is  correct. 

Senator  Morgan.  That  was  correct  between  Bohio  and  Colon,  and 
it  was  also  correct  between  Miraflores  and  Boca  Rio  Grande? 

General  Hains.  Yes;  yes. 

Senator  Morgan.  I  do  not  think  I  have  any  more  questions  to  ask 
the  witness. 

Senator  Taliaferro.  General  Hains,  you  have  spoken  several  times 
in  your  examination  about  an  estimate.  Do  vou  understand  that  that 
property  was  bought  on  an  estimate  of  its  value,  or  for  a  round  sum  i 

General  Hains.  Do  you  mean  the  Panama  Canal  ? 

Senator  Taliaferro.  Yes. 

General  Hains.  All  1  know  is  this.  Senator:  We  undertook  to  deter- 
mine the  value  of  that  property  of  the  canal  company,  and  we  thought 
it  was  worth  fully  forty  millions  of  dollars,  based  on  the  estimated 
quantities  of  work  done  that  would  be  of  value  in  the  plan  of  the  canal 
that  we  were  going  to  recommend,  and  other  thinjsfs  in  connection  with 
it;  we  thought  it  would  be  worth  fully  forty  millions  of  dollars. 

Senator  Taliaferro.  Was  that  estimate  or  not  solely  and  entirely 
for  the  information  of  the  Commission  and  of  this  Government? 

General  Hains.  It  was  entirely  for  the  information  of  this 
Government. 

Senator  Taliaferro.  So  that  our  purchase  of  that  property  for 
forty  millions  of  dollars  was  without  any  obligation  whatever  on  our 
part  to  pay  any  more  than  $40,000,000  for  it? 

General  Hains.  Yes,  sir.  Now,  let  me  say  one  thing  there.  Senator. 
We  estimated  the  value  of  the  canal  property  at  $4:(),000,00(K  The 
French  company,  when  they  made  a  proposition  (it  was  a  long  time 
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before  we  could  get  them  to  do  it)  when  they  did  make  a  proposition, 
thev  wanted  $109,000,000. 

Senator  Morgan.  One  hundred  and  nine  millions? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  Yes,  that  is  my  recollection. 

General  Hains.  Then,  afterwards,  after  the  bill  for  the  construction 
of  the  canal,  I  think  it  was  on  the  Nicaragua  route,  had  passed  the 
House  of  Representatives,  they  made  this  offer — ''Here,  take  this 
canal  at  your  own  figure." 

Senator  Morgan.  That  was  the  first  Hepburn  bill,  was  it  not? 

General  Hains.  I  believe  it  was  the  first  Hepburn  bill. 

Senator  Taliaferro.  They  offered  what? 

General  Hains.  They  offered  then  to  the  United  States  everything 
they  had  for  just  what  we  valued  it  at. 

Senator  Morgan.  Forty  millions  of  dollars? 

General  Hains.  Forty  millions  of  dollars.  Now,  that  came  as  a 
proposition  from  the  French  company. 

Senator  Taliaferro.  Let  me  ask  you  right  there,  General — if  you 
know  about  it — did  they  not  remove  Monsieur  Hutin,  whowas  the 
director-general  of  that  canal  company,  from  office,  and  put  Monsieur 
B6  in  for  the  express  purpose  of  making  that  drop  ^ 

General  Hains.  That  I  can  not  say,  i^nator. 

Senator  Taliaferro.  Did  the  French  company  offer  to  sell  that 
property  to  this  Government  at  what  your  Commission  estimated  it  to 
be  worth,  or  did  they  offer  to  sell  it  at  $40,000,000? 

General  Hains.  I  think  the  thing  was  put  something  like  this:  ''Take 
the  canal  and  everything  we  have  there  for  your  own  valuation.  You 
estimated  it  was  worth  forty  millions.  Take  it  at  forty  millions." 
That  is  the  way  1  understood  it. 

Senator  Taliaferro.  So  that,  whatever  the  circumstances  may  have 
been,  the  French  conapany  understood  that  they  were  to  receive  forty 
millions  of  dollars  for  that  property — no  more,  no  less? 

General  Hains.  That  is  the  way  I  understood  it. 

Senator  Taliaferro.  So  that  there  is  no  obligation  on  the  part  of 
this  Government  to  pay  anj'thing  in  excess  of  the  forty  millions  that 
have  been  paid  ? 

General  Hains.  I  do  not  think  there  is  any  obligation  other  than 
that,  perhaps,  of  an  equitable  amount  for  work  they  did  subsequent  to 
the  time  that  we  accepted  their  proposition. 

Senator  Morgan.  If  you  will  allow  me,  if  there  is  any  such  equitable 
sum,  is  it  not  set  off  by  another  equitable  allowance  in  favor  of  the 
United  States  for  tilling  up  that  tney  permitted  to  go  on  there — the 
dilapidation  of  their  property  ? 

General  Hains.  Not  the  dilapidation  of  the  property.  Senator,  in 
that  sense — the  dilapidation  of  the  property — you  might  sav  the  tilling 
up  of  the  canal,  though  I  do  not  think  there  was  much  more  of 
that;  but  so  far  as  the  property  was  concerned  (I  am  speaking  now  of 
the  movable  property — the  plant)  we  did  not  attach  any  value  to  it  at 
all  in  our  fort}'  millions.  \Vhen  we  made  the  estimate  of  forty  mil- 
lions of  dollars  we  did  not  consider  that  there  was  a  locomotive  or  any- 
thing there  that  was  worth  anything. 

Senator  Taliaferro.  What  work  have  they  done  since  their  offer 
to  sell  that  property  to  us  was  accepted  by  this  Government? 
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General  Hains.  There  comes  up  a  question  of  law  that  1  am  not 
capable  of  dealing  with.  Their  offer  was  accepted,  I  understand,  on 
the  3d  of  March,  1903,  subject,  however,  to  the  ratification  of  a  treaty 
between  the  United  States  and  Colombia  to  enable  the  United  States  to 
step  in  and  take  possession. 

Senator  Taliaferro.  And  the  United  States  took  possession  just  as 
soon  as  satisfactory  treaty  arrangements  were  made? 

General  Hains.  Yes,  sir. 

Senator  Taliaferro.  Where  have  thev  any  claim  on  that  score,  if  it 
was  subject  to  the  ratification  of  this  satfsfactory  treaty  'i  You  say  the 
purchase  was  made  subject  to  the  ratification  of  a  satisfactorv  treat3\ 

General  Hains.  It  seems  to  me  it  is  a  question  of  equity  altogether. 
The  French  company,  after  they  had  made  their  proposition  to  us, 
eave  us  a  certain  time  in  which  to  accept  it.  I  think  it  was  an  option 
that  would  expire  on  the  3d  of  March,  1903. 

Senator  Kittredge.   Was  not  that  option  extended? 

General  Hains.  I  do  not  know.  I  did  not  have  anything  to  do  with 
the  canal  after  that,  so  that  I  do  not  know  much  about  it;  but  as  I 
understand  it,  I  think  the  Attorney -General  accepted  the  proposition 
on  the  3d  of  March,  subject  to  these  conditions. 

Senator  Taliaferro.  Subject  to  satisfactory  treaty  arrangements? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  I  had  a  document  printed  yesterdav  and  referred 
to  this  committee  that  I  got  from  the  Attorney-General,  setting  forth 
all  of  the  propositions  and  all  of  the  agreements;  so  we  have  the  official 
status  upon  that  question. 

Senator  Taliaferro.  In  negotiating  the  purchase  of  that  property, 
through  whom  were  the  negotiations  conducted  on  the  part  of  tfee 
Frencn  company?  Who  represented  the  French  company  in  the 
negotiations? 

General  Hains.  I  do  not  know  that  1  can  answer  that  question  from 
my  own  knowledge.  During  a  part  of  the  time  I  know  that  Mr. 
Hutin,  the  director,  was  in  negotiation  either  with  the  Commission  or 
with  the  chairman  of  the  Commission;  and  subsequently  he  was 
removed,  or  subsequently  Mr.  Bo  was  made  director,  and  1  think  the 
matter  was  consummated  by  Mr.  Bo,  assisted  by  Mr.  I^mpr^.  Mr. 
Lampr^,  the  secretary  of  the  company,  was  in  Washington  a  part  of 
the  time  when  these  negotiations  were  going  on;  but  I  had  very  little 
to  do  with  it  at  the  time.  In  fact,  I  did  not  have  anything  to  do  with 
it,  and  I  only  know  that  these  things  were  going  on  as  a  matter  of 
common  knowledge  to  anybody  that  might  be  around  the  Commis- 
sion's office.  I  was  not  getting  any  pay  as  a  member  of  the 
Commission  at  that  time. 

Senator  Taliaferro.  You  are  a  member  of  the  Commission  now  ? 

General  Hains.  Yes,  sir;  I  am  now. 

Senator  Taliaferro.  And  you  sa}'^  this  claim  for  something  over 
two  millions  of  dollars,  this  claim  of  the  French  company  for  addi- 
tional compensation,  is  now  pending  in  the  Commission? 

General  Hains.  I  do  not  understand  that  it  is  pending  in  the  Com- 
mission; no,  sir. 

Senator  Taliaferro.  Has  it  not  been  presented  to  the  Commission  ? 

Genei-al  Hains.  It  was  presented  to  the  Commission,  and  the  Com- 
mission acted  on  it  about  a  year  and  a  half  ago. 

Senator  Taliaferro.  What  action  did  the  Commission  take? 
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General  Hains.  I  think  the  action  of  the  Commission  was  adverse; 
but  they  have  not  given  up  all  idea  of  working  the  claim  through,  not- 
withstanding. 

Senator  Taliaferro.  Did  you  coincide  with  the  decision  of  the 
Commission  ? 

General  Hains.  I  never  went  into  that  subject,  Senator. 

Senator  Taliaferro.  You  were  not  on  the  Commission  at  that  time? 

General  Hains.  No,  sir;  I  was  not  on  the  Commission  at  that  time, 
and  I  do  not  know  enough  about  it  to  justify  nofe  in  expressing  an  opin- 
ion.    I  would  rather  not  express  an  opinion. 

Senator  Taliaferro.  Has  the  claim  been  presented  to  the  present 
Commission? 

General  Hains.  To  this  existing  Commission? 

Senator  Taliaferro.  Yes. 

General  Hains.  No,  sir;  not  that  I  know  of.  I  think  it  is  now  a 
matter  of  arbitration  in  some  way. 

Senator  Taliaferro.  In  what  way? 

General  Hains.  I  do  not  know. 

Senator  Taliaferro.   Who  is  to  arbitrate  it? 

General  Hains.  I  think  they  have  asked  the  President  to  do  so. 

Senator  Taliaferro.  Through  whom? 

General  Hains.  I  was  called  oefore  the  Assistant  Attornev-General 
a  few  da^'S  ago  to  give  my  testimony,  or  to  give  my  recollection  of 
how  those  estimates  were  made  up,  and  that  was  with  a  view  to  its 
effect  on  this  claim.  I  understood  that  they  had  agreed  to  let  it  be 
determined  by  the  President  whether  they  are  entitled  to  anything  or 
not,  just  as  a  matter  of  equity.  Of  course  that  would  not  give  them 
the  money. 

Senator  Taliaferro.  When  you  say  ''they"  have,  you  understand, 
agreed  to  leave  it  to  the  President,  who  do  you  mean? 

General  Hains.  1  mean  the  representatives  of  the  canal  company. 

Senator  Taliaferro.  The  French  company  ? 

General  Hains.  Yes,  sir. 

Senator  Taliaferro.  Who  are  they? 

General  Hains.  Cromwell  &  Sullivan,  1  think,  is  the  name  of  the 
firm. 

Senator  Taliaferro.  You  say  you  were  called  before  the  Assistant 
Attorney -General  recently  in  connection  with  this  case? 

General  Hains.  Yes,  sir. 

Senator  Taliaferro.  What  was  his  name? 

General  Hains.  Charles  H.  Russell,  I  think  his  name  is;  Mr. 
Russell. 

Senator  Morgan.  Was  it  Mr.  Russell  you  appeared  before  to  give 
your  statement? 

General  Hains.  Mr.  Russell  and  Mr.  Hill.  Mr.  Russell  represented 
the  United  States.  Mr.  Hill,  I  understand,  represented  the  canal 
company  in  the  capacity  of  a  member  of  the  nrm  of  Cromwell  & 
Sullivan. 

Senator  Morgan.  That  was  just  a  few  days  ago? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  So  the  matter  is  pending  yet? 

General  Hains.  That  is  the  reason,  I  suppose,  it  is  pending. 

Senator  Morgan.  Of  course,  they  would  not  have  asked  you  unless 
there  had  been  some  matter  pending. 
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Senator  Taliaferro.  You  gave  your  statement,  General  Hains,  I 
understood  you  to  say  ? 

General  Hains.  Yes,  sir. 

Senator  Taliaferro.  Was  the  question  of  this  option  given  to  the 
United  States  in  connection  with  the  purchase  of  that  property  dis- 
cussed  in  your  investigation  ? 

General  Hains.  In  what? 

Senator  Taliaferro.  In  your  investigation  by  the  Attorney 
General? 

General  Hains.  I  do  not  know  that  I  exactly  understand  your  ques- 
tion, Senator? 

Senator  Taliaferro.  The  French  company  gave  this  Government 
an  option  for  the  purchase  of  that  property  ? 

General  Hains.  Yes,  sir. 

Senator  Taliaferro.  I  say,  was  the  question  of  that  option  dis- 
cussed in  your  examination  by  the  Attorney-General? 

General  Hains.  I  do  not  think  the  question  of  that  option  was  dis- 
cussed, exactly.  It  was  more  a  question  of  the  time  our  estimate  was 
made,  and  how  we  came  to  make  it  forty  millions  of  dollars.  That  is 
what  it  was  about — the  time  when  we  made  it,  and  how  we  made  it, 
what  we  based  it  on. 

Senator  Taliaferro.  You  are  quite  clear  tha,t  your  Commission 
fixed  this  price  of  forty  millions,  instead  of  the  French  company  ? 

General  Hains.  Oh,  it  is  in  our  rei)ort;  we  fixed  it  at  forty  millions 
of  dollars.    I  can  show  you  where  it  is  in  our  report. 

Senator  Morgan.  Perhaps  I  can  refresh  your  memory  about  that. 

Senator  Taliaferro.  I  would  like  to  have  you  read  it.  Just  read 
it.  General. 

General  Hains.  This  is  the  report  of  the  Commission  of  1899-1901 
[reading]: 

''The  quantities  given  in  the  foregoing  estimate  are  based  upon  the 
present  condition  on  the  Isthmus,  utilizing  the  excavations  already 
made  where  they  are  useful.  The  new  company  has  excavated  about 
5,000,000  cubic  yards  "— ;— 

That  is,  altogether;  it  is  what  the  new  company  had  done  in  several 
years  [reading]: 

''Which,  added  to  the  72,000,000  cubic  yards  excavated  prior  to  its 
organization,  make  a  total  of  77,000,000  cubic  yards  excavated  by  the 
two  companies.  Much  of  it  is  of  no  value  because  of  the  various 
changes  of  plan.  For  example,  sites  for  locks  have  been  excavated 
and  then  abandoned;  the  spoil  banks  on  the  Atlantic  maritime  section 
frequently  come  within  the  limits  of  the  canal  prism  now  projected, 
and  must  be  rehandled.  The  amount  of  work  done  which  will  be  of 
value  under  the  plan  recommended  by  the  Commission  has  been  care- 
fully computed  tor  the  main  canal  line,  and  is  found  to  be  36,689,965 
cubic  yaros. 

"The  amount  of  excavation  which  can  be  utilized  in  the  Chagres 
diversion  is  210,873  cubic  yards,  and  in  the  Gatufl  diversion  2,685,494 
cubic  yards.  Adding  these  together,  the  total  quantity  of  excavation 
which  will  be  of  value  in  the  new  plan  is  39,586,332  cubic  yards.  A 
temporary  diversion  of  the  Panama  Railroad  has  been  made  at  the 
Culebra  Cut,  which  also  must  be  considered.  Usine  the  same  classifi- 
cation of  materials  and  the  same  unit  prices  as  in  the  other  estimates, 
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with  the  20  per  cent  added  for  contingencies,  the  value  of  the  work 
done  is  found  to  be: 

Canal  excavation $21,020,386 

Chagres  diversion 178, 186 

Gratun  diversion 1, 396, 466 

Railroad  diversion  (4  miles) 300,000 

22,895,028 
Contingencies,  20  per  cent 4, 679, 005. 

Senator  Morgan.  That  was  just  added  to  the  price? 

General  Hains.  We  explain  that  after  awhile,  Senator;  it  comes  in 
later. 

Senator  Morgan.     All   right. 

General  Hains.     Making  an  aggregate  of  $27,474,033  [reading!. 

^^  There  is  on  hand  an  immense  amount  of  plant,  consisting  of  loco- 
motives, excavators,  dredges,  cars,  rails,  ana  machines,  implements, 
tools,  spare  parts,  and  supplies  of  various  kinds,  besides  building  used 
for  offices,  quarters,  storehouses,  hospitals,  and  miscellaneous  purposes, 
and  some  30,000  acres  of  land.  The  inventory  furnished  to  the  Com- 
mission includes  many  thousands  of  items,  classified  as  follows:" 

Then  comes  in  lancfs,  buildings,  and  so  on. 

Senator  Tauaferro.  Yes;  you  need  not  read  that. 

General  Hains  (reading):  *'As  a  general  rule,  this  property  shows 
signs  of  attention,  and  the  evidence  seems  satisfactory  that  it  has  been 
well  cared  for  since  the  liquidator  took  charge  of  it  in  1889.  It  would 
manifestly  be  imprudent,  however,  to  fix  a  value  upon  any  important 
machine  which  has  been  idle  that  length  of  time  witnout  first  actually 
testing  it  at  work,  however  neatly  painted  and  sheltered  it  may  now 
be.  Much  of  the  property  is  ill  adapted  to  American  methods,  and  all 
of  it  is  now  from  thirteen  to  twenty  years  old,  during  which  period 
the  improvements  in  this  class  of  machinery  have  been  such  that  con- 
tractors would  generally  find  it  to  their  advantage  to  buy  entirely  new 
machinery  of  modern  pattern  rater  than  attempt  to  use  this  of  an 
older  class,  even  if  given  to  them  free  and  in  good  order. 

*'The  locomotives,  rails,  and  cars  may  be  of  some  service,  but  their 
value  is  doubtful;  the  locomotives  are  much  lighter  than  is  desirable 
for  economical  service,  the  rails  are  of  a  pattern  ill  fitted  to  rough 
use,  and  the  cars  have  narrow-trea,d  wheels.  The  cars  are  probamy 
the  best  part  of  the  whole  outfit.  It  has  seemed  to  the  Commission 
that  in  acquiring  the  Panama  Canal  the  United  States  should  not  buy 
this  plant  as  a  whole,  and  that  no  special  allowance  should  be  made 
for  it  in  estimating  the  total  value  of  the  property.  Its  owners  may 
realize  something  by  the  sale  of  portions  of  it  to  contractors  if  the 
latter  find  that  they  can  use  it  to  advantage.  This  valuation  is  all 
that  the  Commission  can  put  upon  the  plant;  it  has  already  appeared 
in  the  estimates,  since  the  unit  prices  have  been  fixed  upon  the  condi- 
tion that  contractors  furnish  their  own  plant." 

Now,  there  is  a  paragraph  about  the  value  of  buildings  and  another 
one  about  the  value  of  concessions  and  lands.     Shall  I  read  them  ? 

Senator  Taliaferro.  You  need  not  read  those.  Just  go  to  your 
summing  up. 

General  Hains.  The  summing  up  is: 

"The  existence  of  the  Panama  Railroad  is,  however,  a  very  impor- 
tant factor,  as  it  supplies  a  service  railroad  for  the  entire  length  or  the 
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oanal.  On  the  basis  of  $75,000  a  mile,  this  railroad  would  be  worth 
$3,500,000,  which  is  half  the  face  value  of  its  capital  stock.  In  view  of 
its  good  condition  and  its  valuable  termini,  it  should  not  be  estimated 
for  purposes  of  canal  construction  at  less  than  $6,850,000,  the  par  value 
of  tne  68,5<X)  shares  of  its  stock  held  by  the  canal  company.  The 
exceptional  gage — 5  feet — somewhat  reduces  its  value,  as  it  adds  to  the 
cost  of  rolling  stock.  The  maps,  drawings,  and  records  are  unusually 
complete  and  their  value  is  great,  though  not  capable  of  accurate  esti- 
mate. In  the  judgment  of  the  Commission  a  fair  allowance  for  these 
would  be  $2,000,000. 

"  Summing  up  the  foregoing  items,  the  total  value  of  the  property 
is  found  to  be: 

Excavation  already  done : $27,474,033 

Panama  Railroad  stock  at  par 6,  S50, 000 

Mape,  drawings,  and  records 2, 000, 000 

Total 36,324,033 

*'To  which  add  10  per  cent  to  cover  omissions,  making  the  total 
valuation  of  the  Panama  Canal  $4:0,000,000." 

Senator  Morgan.  That  10  per  cent  has  been  added  in  before  on  the 

digging- 
General  Hains.  Oh,  that  10  per  cent  for  the  digging.  Senator,  is 
correct;  but  this  last  part  was  not  for  digging. 

Senator  Morgan.  That  has  been  kdded  in  oefore,  and  it  is  put  in 
again  ? 

General  Hains.  Oh.  no;  no,  sir. 

Senator  Morgan.  That  is  the  way  I  understand  it. 

General  Hains.  Oh,  no;  you  are  wrong  there. 

Senator  Morgan.  Here  is  so  much  digging  done  on  these  various 
items  that  you  have  mentioned,  so  many  cubic  yards  ascertained  that 
are  useful  to  the  United  States? 

General  Hains.  Yes,  sir. 

Senator  Morgan.  And  that  is  summed  up  at  a  certain  sum  of  money 
as  being  the  then  present  value  of  it.  Whv  do  you  add  20  per  cent  to 
that? 

General  Hains.  We  undertook  to  estimate  the  cost  of  excavation 
there  at  certain  unit  prices.  There  was  a  certain  amount  for  dredging, 
a  certain  amount  for  dry  excavation,  a  certain  amount  for  rock  under 
water  (J>4.75  for  the  latter),  and  all  that  sort  of  thing.  Then,  after 
that,  we  added  20  per  cent  for  contingencies.  In  order  to  make  the 
estimate 

Senator  Morgan.  But  there  were  not  any  contingencies  about  work 
that  had  already  been  done. 

General  Hains.  Yes;  but,  then,  there  were  all  kinds  of  things  that 
were  covered  in  that.  We  were  taking  it  on  the  basis  of  our  own 
estimates,  and  in  all  our  estimates  for  computing  the  cost  we  always 
added  20  per  cent  for  contingencies. 

Senator  Morgan.  How  about  the  contingencies  put  on  the  two 
millions  of  dollars  with  reference  to  maps?  They  were  already  com- 
pleted. 

General  Hains.  Yes;  but  we  state  in  there  that  they  are  not  suscep- 
tible of  accurate  estimate.     1  think  the}'^  were  very  cheap. 

Senator  Morgan.  Really,  then,  the  20  per  cent  estimate  for  con- 
tingencies was  put  on  in  order  to  make  a  liberal  allowance? 


INVESTIGATION   OF   PANAMA   CANAL.   MATTERS.  767 

General  Hains.  I  do  not  think  it  was  for  that,  Senator.  That  esti- 
mate was  made  up,  and  it  was  found  that  it  amounted  to  very  nearly 
forty  millions  of  dollars.  It  is  not  exactly  forty  millions  of  dollars; 
you  put  10  per  cent  in  and  it  will  not  make  forty  millions  of  dollars. 

Senator  Morgan.  I  know  there  is  a  gap  to  be  filled  in,  and  I  do  not 
know  how  it  ever  was  filled. 

General  Hains.  But  we  made  it  pretty  nearly  forty  millions  of 
dollars,  and  we  simply  said,  ''Well,  we  will  call  it  forty  millions  of 
dollars." 

Senator  Morgan.  Yes. 

General  Hains.  And  we  were  satisfied  that  that  was  a  very  low  esti- 
mate.    I  am  satisfied  that  it  was  a  very,  exceedingly  low  estimate. 

Senator  Taliaferro.  That  report  was  made  in  1901. 

General  Hains.  Yes,  sir;  I  thmk  in  November,  1901. 

Senator  Taliaferro.  If  your  idea  is  that  that  property  was  pur- 
chased with  some  reference  to  your  estimate  as  to  its  value,  why  has 
there  not  been  added  to  the  price  the  outlay  by  the  French  company 
since  this  report  was  made,  smce  1901  ? 

General  Hains.  I  think  that  is  the  question  that  is  up — that  is  what 
constitutes  the  claim. 

Senator  Taliaferro.  Covering  that  time  from  1901  ? 

General  Hains.  Well,  I  do  not  know;  I  think  they  go  back  a  little 
further  than  that.  They  want  to  claim  back  as  far  as  1899,  when  we 
made  our  estimate.  They  want  to  ^et  back  to  the  date  when  we  made 
the  estimate  from  certain  cross  sections  that  they  gave  us. 

Senator  Morgan.  Going  back  to  1899  was  probably  due  to  the  zeal 
of  the  counsel  representing  the  claim  and  wanting  to  make  it  as  large 
as  possible;  and  representing  the  United  States  at  the  same  time,  they 
haa  the  thing  pretty  much  in  their  own  hands,  or  they  thought  they 
had. 

Now  I  want  to  call  your  attention  to  the  fact  that  when  Mr.  Bo 
cabled  to  the  French  embassy  here  and  told  them  to  accept  the  estimate 
of  the  United  States,  as  stated  in  the  report  of  the  Commission  upon 
the  pages  which  you  have  just  now  read,  they  made  the  proposition 
to  accept  the  estimate  as  made  on  those  pages  of  that  report.  You 
remember  that,  do  you  not? 

General  Hains.  I  do  not  remember.  Senator;  no. 

Senator  Morgan.  I  have  the  record  of  it  here  to  show  that  from  the 
Attorney-General. 

General  Hains.  That  settles  it  better  than  I  could  remember  it. 

Senator  Morgan.  So  that  question  is  all  settled  by  the  record.  Has 
Mr.  Cromwell  ever  talked  this  subject  over  with  you? 

General  Hains.  I  do  not  think  1  ever  had  any  conversation  at  all 
with  Mr.  Cromwell  about  it. 

Senator  Kittredge.  Did  you  with  Mr.  Hill? 

General  Hains.  I  did,  a  few  days  ago.  He  came  and  asked  me 
about  it  and  asked  me  if  I  would  go  up  beft)re  the  Assistant  Attorney- 
General  and  allow  them  to  ask  me  some  questions  about  it,  and  that  is 
what  I  did. 

Senator  Kittredge.  Did  you  talk  with  him  regarding  the  statement 
that  you  should  make? 

General  Hains.  I  did  not  go  up  with  him,  but  I  went  up  there  and 
met  him  there  and  met  Mr.  Russell  there. 
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(By  request  of  Senator  Eittredge^  bis  question  was  read  aloud  by 
the  stenographer,  as  follows:) 

^'  Did  you  talk  with  him  regarding  the  statement  that  you  should 
make?" 

General  Hains.  He  asked  me  what  my  memory  was  about  it,  and  I 
told  him  what  1  remembered  about  it,  and  he  seemed  very  much  dis- 
appointed that  my  memory  did  not 

senator  Morgan.  General,  have  you  ever  found  out,  or  do  you  know^ 
how  that  gap  was  filled  up  between  the  forty  millions  of  dollars  and 
the  smaller  sum  that  was  added  up  as  the  calculation  of  the  value  of 
what  we  were  getting  from  the  Panama  Canal  Company  ? 

General  Hains.  That  estimate,  Senator,  was  gotten  up  by  the  Pan- 
ama committee.  The  Commission  consisted  of  nine  members;  and  that 
committee,  which  had  special  care  of  the  study  of  all  matters  per- 
taining to  the  Panama  route,  consisted  of  three  meinbers— General 
Ernst,  Professor  Burr,  and  Mr.  Morison.  That  estimate  was  gotten 
up  by  them  and  submitted  to  the  full  Commission  for  its  action;  and 
after  going  over  it  and  talking  about  it  we  accepted  those  figures. 

Senator  Morgan.  So  they  just  moved  the  figures  up  from  the  actual 
estimate  as  it  summed  up  in  figures  to  forty  millions  of  dollars  as  an 
act  of  grace? 

General  Hains.  Well,  I  think.  Senator,  that  if  we  had  taken  it  that 
way  we  should  have  started  with  some  higher  figure  than  forty  millions. 

Senator  Morgan.  I  just  wanted  to  know  how  they  ever  arrived  at 
the  round  sum  of  forty  millions  of  dollars  when  the  calculations  were 
less. 

General  Hains.  Well,  you  see  bv  the  figures  there  that  they  do  not 
come  out  an  even  forty  millions  of  dollars,  but  we  just  put  down  the 
lump  sHm. 

Senator  Morgan.  That  is  it? 

General  Hains.  We  just  took  a  lump  sum. 

Senator  Morgan.  But  in  excess  of  the  actual  estimates  that  you 
had  made,  allowing  20  per  cent  for  contingencies? 

General  Hains.  I  really  do  not  know,  now,  whether  it  is  in  excess 
or  the  other  way. 

Senator  Morgan.  The  figures  show  that  it  is. 

General  Hains.  It  is  not  much  either  way. 

Senator  Morgan.  It  is  about  a  million  of  dollars — nearlv  a  million. 

Senator  Taliaferro.  General,  were  you  a  member  of  tne  Commis- 
sion in  1902? 

General  Hains.  I  was  a  member  of  the  Commission,  yes;  on  fur- 
lough without  pay.  The  President,  I  might  say,  kept  the  entire  Com- 
mission in  existence  for  the  purpose  of  calling  it  together  in  case 
anything  should  occur  and  he  wanted  to  get  the  Commission  together, 
you  know,  for  any  purpose;  so  that  really  the  Commission  of  1899 
was  not  dissolved  until  March,  1903.  But  we  had  all  been  put  on  fur- 
lough without  pay.  -• 

Senator  Taliaferro.  Do  you  know  anything  about  the  chairman 
of  the  Commission,  Admiral  Walker,  at  that  time  receiving  such  a 
telegram  as  this: 

**The  New  Panama  Canal  Company  declares  that  it  is  ready  to  accept 
for  the  whole,  without  exception,  of  its  property  and  rights  on  the 
Isthmus  the  amount  of  ^0,000,000,  the  above  oflFer  holding  good 
until  March  4,  1903?" 
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General  Hains.  I  knew  about  that  at  the  time;  yes. 

Senator  Taliaferro.  Would  that  not,  in  your  judgment,  absolutely 
out  off  all  demands  on  this  Government  for  extra  work  or  excess  of 
work  prior  to  that  date  ? 

General  Hains.  I  should  think  it  would  prior  to  that  date,  yes; 
but  subsequent  to  that  date  was  what  I  was  referring  to  as  what,  it 
seemed  to  me,  the}'  might  in  equity  have  a  just  claim  for. 

Senator  Taliaferro.  Construing,  now,  that  cablegram  in  the  nature 
of  an  option,  if  that  were  extended  beyond  the  4th  of  March,  1903, 
by  the  French  company,  the  period  of  extension  would  also  be 
excluded  in  any  demand  for  extra  pay,  would  it  not? 

General  Hains.  Yes,  sir. 

Senator  Taliaferro.  That  is  all  I  want  to  ask. 

Senator  Ankeny.  In  your  estimate,  what  did  you  allow  them,  a  yard, 
for  this  earth  or  material  that  went  out  of  the  Culebra  cut? 

General  Hains.  Different  prices. 

Senator  Ankeny.  It  was  a  fixed  price  per  yard? 

General  Hains.  No,  sir;  there  were  several  prices. 

Senator  Ankeny.  But  the  basis  of  your  calculation  was  so  much  a 
yard? 

General  Hains.  That  was  the  basis  of  it. 

Senator  Ankeny.  Then  you  allowed  them,  say,  for  33,000,000  cubic 
yards,  or  some  given  sum  ? 

General  Hains.  Yes,  sir. 

Senator  Ankeny.  On  the  basis  that  you  would  use  that  much  ?  That 
that  was  the  basis  of  your  whole  offer,  that  that  mucli  was  useful  to 
this  Government  or  to  your  Commission  ? 

General  Hains.  Yes,  sir;  to  this  Government. 

Senator  Ankeny.  Now,  suppose  by  some  operation  we  use  some 
more  of  their  work;  have  they  a  claim  for  the  difference  in  that? 

General  Hains.  No,  sir;  I  do  not  understand  so. 

Senator  Ankeny.  In  their  bill  you  included  so  much,  and  you  shut 
out  the  rest,  because  you  did  not  need  it,  because  you  did  not  use  it? 

General  Hains.  Yes,  sir. 

Senator  Ankeny.  If  it  was  established  that  you  did  use  it,  do  you 
think  they  would  have  any  claim  to  it? 

General  Hains.  I  do  not  think  so.  I  am  not  a  lawyer.  I  think  you 
could  tell  that  better  than  I. 

Senator  Ankeny.  I  am  not  a  lawyer. 

General  Hains.  As  a  matter  of  law  I  do  not  think  you  could.  As  a 
matter  of  justice  they  might,  under  some  circumstances. 

Senator  Ankeny.  There  is  such  a  claim  made,  and  that  is  the  reason 
I  speak  of  that.  You  remember.  Senator  Morgan,  that  there, was  a 
claim  made,  for  instance,  that  allowed  them  for  33,000,000  cubic  feet, 
or  something,  and  that  was  all  that  was  useful  to  us,  and  the  rest  was 
of  no  account.  If  we  use  more  of  that,  what  is  our  position  in  the 
matter? 

Senator  Morgan.  I  was  thinking  of  that  in  connection  with  the 
Gatun  diversion.  We  throw  that  away,  in  the  plan  that  is  proposed 
by  the  minority  of  the  committee. 

General  Hains.  You  adopt  a  lock  canal  and  vou  do  not  want  it. 

Senator  Morgan.  We  have  paid  for  it  and  tnen  throw  it  away. 

Senator  Ankeny.  You  do  not  understand  that  there  is  any  claim 
against  us  for  it? 
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General  Hains.  No,  sir;  I  do  not  understand  that  there  would  be  any 
claim.  I  do  not  think  they  are  making^  any. 

Senator  Ankeny.  Not  even  in  the  uatun  matter? 

General  Hains.  No,  sir. 

The  Chairman.  General,  I  believe  we  are  through  with  you,  then^ 
and  we  are  very  much  obliged  to  you,  sir. 

(Thereupon  the  committee  went  into  executive  session;  after  which 
it  adjourned  until  Thursday,  March  29,  1906,  at  10.30  o'clock  a.  m.). 


WRITTEN  STATEMENT  OF  GEN.  HENRY  L.  ABBOTT, 

U.  S.  ARMY, 

ON  RELATIVE  MERITS  OF  SEA-LEVEL 
AND  LOOK  PROJECTS. 


ISTHMIAN  CANAL. 

The  following  communication  is,  by  direction  of  the  committee, 
printed  as  a  part  of  the  record: 

2013  Kalorama  Avenue  NW., 

Washington,  B.  C,  March  26,  1906. 
Hon.  Joseph  H.  Millard, 

Chaimian  Committee  on  Intei'oceanic  CanaU, 

United  States  Senate,  Washington,  D.  O, 
Sir:  In  accordance  with  your  request,  I  have  the  honor  to  submit  the 
following  views  respecting  the  Panama  Canal,  now  under  consideration 
by  your  committee: 

RELATIVE   MERITS  OF  SEA-LEVEL  AND  LOCK   PROJECTS. 

The  most  important  consideration  from  an  engineering  point  of  view 
in  projecting  a  transit  route,  whether  a  railroaa  or  a  canal,  is  to  adjust 
the  details  to  the  topograph}^  and  natural  conditions  of  the  reg'ion  to 
be  traversed.  On  tne  Isthmus  the  Chagres  River  is  the  dommating 
feature.     The  canal  and  river  must  be  near  neighbors  for  about  three- 

?[uarters  of  the  entire  distance,  and  the  real  problem  is  to  so  plan  the 
ormer  as  to  make  it  harmonize  with  the  characteristics  of  the  latter 
in  the  most  perfect  manner  possible.  The  deep  excavation  in  the 
Culebra  section  is  a  formidable  undertaking,  chiefly  because  it  will  be 
necessary  to  transport  the  spoil  to  long  distances;  but  once  executed, 
it  will  remain  without  giving  occasion  for  anxiety  in  the  future.  The 
Chagres  is  capable  of  becommg  a  very  active  enemy  at  any  future  time 
unless  effectively  tamed  by  good  engineering  methods.  It  is  not  with- 
out interest  to  consider  the  character  of  this  stream,  which,  under  the 
influence  of  the  tropical  rainfall,  diflFers  radically  from  any  in  the 
United  States. 

During  the  three  dr}'  months  of  February,  March,  and  April  it  is  a 
small,  peaceable  river,  about  200  or  300  feet  wide,  and  carrying  a  volume 
of  about  1,400  cubic  feet  per  second  at  Bohio.  The  bed  at  Alhajuela, 
58  miles  from  the  sea  by  the  course  of  the  stream,  is  92  feet  above 
tide;  at  Gramboa  these  figures  are  47  miles  and  46  feet,  and  at  Bohio  27 
miles  and  zero  feet.  Tne  rainfall  in  January  and  May  is  somewhat 
variable,  and  affects  the  flow  accordingly.  The  other  seven  months  are 
subject  to  tropical  downpours  aggregating  about  12  or  13  inches 
monthly,  and  giving  rise  in  the  river  to  violent  freshets,  ranging  in 
number,  during  the  twenty -one  years  of  which  we  have  records,  from 
none  to  thirteen  per  month.  They  often  carry  from  30,000  to  40,000 
cubic  feet  per  second,  with  oscillations  of  20  to  30  feet,  but  they  rarely 
continue  more  than  twenty -four  hours.  The  great  floods  are  caused  by 
long-continued  storms,  and  fortunately  are  rare;  only  six  have  occurred 
since  accurate  recoixis  were  inaugurated.  The  largest,  that  of  1879, 
had  a  rise  of  about  37  feet  at  Gamboa  and  40  feet  at  Bohio,  carrying, 
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respectively,  80,000  and  113,000  cubic  feet  per  second.  The  most  rapid 
rates  of  rise  of  which  we  have  records  occurred  in  the  flood  of  1890. 
They  were  25  feet  in  seventeen  hours  at  Gamboa  and  19  feet  in  thirty- 
one  nours  at  Bohio. 

It  remains  to  consider  how  so  peculiar  a  river  is  dealt  with  in  the . 
sea-level  and  lock  projects  for  the  canal. 

By  the  former  an  immense  dam  is  projected  at  Gamboa  by  which  the 
entire  volumes  of  floods  and  freshets  above  that  point  are  to  be  arrested 
and  discharged  gradually  by  sluices  into  the  canal  at  a  maximum  rate 
of  about  15,000  cubic  feet  per  second,  thence  to  flow  to  the  sea  in  its 
channel.  It  is  to  be  noted  that  this  plan  affords  only  a  partial  regula- 
tion, for  long-continued  and  careful  measurements  demonstrate  that  in 
great  floods  only  two-thirds  of  the  volume  that  passes  Bohio  comes  from 
above  Gamboa,  leaving  still  to  be  dealt  with  about  35,000  cubic  feet 
per  second  delivered  bv  the  lower  tributaries  (enough  to  raise  the 
Chagres  23  feet  at  Bohio).  This  it  is  proposed  to  do  in  part  by 
forming  two  large  permj^nent  lakes  on  the  west  side  of  the  Chagres. 
involving  three  dams,  each  rising  about  75  feet  above  the  ground  ana 
aggregating  an  estimated  length  of  4,110  feet,  to  say  nothing  of  another 
dam  535  feet  long  and  25  feet  above  ground  to  close  a  low  place  in  the 
bounding  hills. 

These  two  lakes  are  to  be  relieved  of  their  surplus  volume  by  cuts 
near  the  .sources  of  the  present  streams,  conducting  the  flow  of  the 
larger  to  .the  Trinidad  River,  by  the  channel  of  which  it  will  return 
to  join  that  of  the  latter  and  plague  the  canal  levees  near  the  Agua 
Clara  marsh.  But  these  dams  regulate  only  three  of  the  larger  tribu- 
taries below  Gamboa,  leaving  fifteen  considerable  streams  and  numer- 
ous drainage  channels  of  the  rainy  season  now  discharging  into  the 
river  to  be  led  down  into  the  sea-level  canal  from  heights  ranging 
between  20  and  40  feet  above  its  surface.  These  water  courses  carry 
considerable  sediment,  and  no  adequate  provisions  for  excluding  it  are 
contained  in  the  estimates.     The  maximum  current  velocitv   thus 

fenerated  in  the  canal  is  estimated  by  the  majority  at  2.64  miles  per 
our  (about  4  feet  per  second). 

The  lock  project  is  free  from  all  these  complications.  By  it  the 
summit  level,  85  feet  above  tide,  extends  from  Gatun  to  Pedro  Miguel 
in  the  form  of  a  great  lake  which  floods  the  valley  to  about  5  miles 
above  Gamboa,  and  absorbs  all  the  tributaries  of  the  Chagres  at  such 
distances  from  the  transit  route  as  to  effectively  dispose  of  their  cur- 
rents and  the  sediment  carried  by  their  waters.  The  four  regulating 
dams  proposed  by  the  sea-level  plan  are  eliminated,  being  replaced  by 
a  dam  ana  three  locks  at  Gatun.  Naturally  these  works  have  formed 
the  point  of  attack  by  advocates  of  the  sea-level  plan,  because  the 
problem  of  how  to  regulate  the  Chagres  is  thus  solved  in  a  manner  at 
once  vastly  better  and  vastly  more  simple  than  by  their  own.  The 
startling  criticisms  raised  against  the  Iock  sites  have  been  shown  to  be 
groundless  by  cablegrams  from  Mr.  Stevens  just  received.  He  has 
made  a  new  personal  examination,  and  pronounces  the  conditions  as 
ideal  for  construction  and  permanency.  The  question  of  the  dam, 
already  discussed  before  your  committee,  will  be  briefly  considered 
below. 

It  remains  to  compare  the  tw^o  plans  for  the  canal  in  respect  to  the 
facilities  which  they  offer  for  the  transit  of  the  Isthmus  by  the  class 
of  vessels  contemplated  by  the  law  of  Congress,  namely,  those  ^'of  the 
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largest  tonnage  and  the  greatest  draft  now  in  use,  and  such  as  may  be 
reasonably  anticipated." 

The  sea-level  plan  aifords,  for  about  40  miles,  a  channel  with  a  width 
at  bottom  only  ranging  between  150  and  200  feet,  each  of  these  widths 
covering  about  20  mues,  and  having  a  uniform  depth  of  40  feet. 
Between  Bohio  and  Miraflores,  a  distance  of  about  25  miles,  the  water 
surface  of  the  canal  is  dominated  bv  high  banks  which  for  about  8^ 
miles  rise  considerably  over  a  hund.red  feet,  the  maximum  height 
exceeding  200  feet.  Of  the  entire  49  miles  between  deep  water 
in  the  oceans,  19  follow  curves,  gentle  it  is  true,  but  not  without 
difficulty  for  modern  leviathans,  especially  at  passings.  Moreover,  by 
being  made  the  channel  to  carry  the  flow  of  the  regulated  Chagres 
such  a  route  does  not  present  the  advantage  of  still  water  usually 
attributed  to  canals;  in  truth,  it  is  a  river,  which  is  far  inferior  to 
quiet  water  for  vessels  whose  length  ranges  from  three  to  four  times 
tne  available  width  between  banks.  The  small  depth  of  water  under 
the  keels  of  the  larger  class  of  shipping  would  greatly  increase  the 
difficulties  of  steering  when  the  current,  as  at  bends,  acts  unequally 
on  the  two  sides. 

The  route  for  shipping  aiforded  by  the  lock-canal  project  is  next  to 
be  considered.  From  Gatun  to  Tavernilla,  a  distance  of  about  15 
miles,  and  from  near  Miraflores  to  La  Boca,  a  distance  of  about  4  miles, 
that  is  for  a  total  distance  of  about  19  miles  (one-third  of  the  whole 
distance  between  oceans)  ships  will  pass  freely  through  a  deep  channel 
1,000  feet  or  more  wide  and  leaving  nothing  to  be  desired.  The  rest 
of  the  distance  except  about  5  miles  at  the  Culebra  Cut  affords  a  chan- 
nel ranging  from  three  to  five  hundred  feet  in  width,  never  less  than 
45  feet  deep,  and  far  superior  in  every  point  of  view  to  that  of  the 
sea-level  plan.  This  is  true  even  at  the  Culebra  Cut,  for  although  the 
width  is  limited  to  the  same  figure  (200  feet)  the  depth  ismade45feet^ 
which  will  immensely  facilitate  the  passage  of  great  ships. 

Except  for  about  4  miles  north  of  Obispo  Utere  will  never  be  ob- 
jectionable currents  in  any  part  of  the  route,  and  even  there  they  will 
c^sappear  when  the  time  comes  to  construct  the  Alhaiuela  dam  to  meet 
the  lockage  requirements  of  a  distant  future.  Neither  will  sedimen- 
tary deposits  trouble  any  part  of  the  channel  to  be  traversed  by 
shipping.  As  to  curvature,  30  of  the  49  miles  follow  straight  lines^ 
ana  the  great  width  of  channel  way  will  prevent  any  obstruction.  The 
only  drawback  to  these  immense  advants^^  is  the  necessity  of  passing* 
the  locks,  and  experience  at  the  St.  Marys  Falls  (^anal  sufficiently 
demonstrates  how  little  this  really  ought  to  weigh  in  the  comparison. 
It  is  safe  to  assert  that  if  the  dedision  as  to  which  route  is  the  superior 
could  be  left  to  a  jury  of  practical  navigators  the  result  would  not  be 
doubtful. 

It  is  well  to  recall  that  since  the  De  Lesseps  fiasco  the  question  of 
sea-level  or  lock  canal  has  been  brought  before  three  foreign  and  one 
American  engineer  commissions,  ag^gregating  39  members,  to  whom 
should  be  added  Mr.  Choron,  the  emment  chief  engineer  of  the  French 
company.  The  decision  without  a  single  dissenting  voice  was  in  favor 
of  a  lock  canal.  This  type  alone  furnishes  a  satisfactory  solution  to  the 
problem  of  regulating  tne  Chagres  River,  unless  we  are  prepared  to 
incur  the  expense  of  untold  millions  in  opening  a  "strait"  across  the 
Isthmus. 
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In  my  judgement  the  primary  consideration  in  choosing  between  the 
two  projects  should  be  their  relative  merits  as  routes  for  shipping. 
The  elements  of  time  and  cost  are  secondary,  but  too  important  to  be 
neglected.  As  a  practical  question,  the  estimates  of  both  the  majority 
and  the  minority  were  confined  to  engineering  quantities  and  unit 
prices,  but  in  a  great  public  work  covering  so  lomg  a  period  it  is  well 
to  consider  unforseen  contingencies,  such  as  failure  of  contractors, 
strikes  among  the  laborers,  possible  epidemics,  to  say  nothing  of 
financial  crises  that  pfiay  interfere  with  the  annual  appropriations  of 
Congress,  and  even  of  a  foreign  war.  In  my  opinion  it  is  pradent  to 
allow  double  the  cost  and  double  the  time  for  the  completion  of  the 
sea-level  project,  and,'  what  is  more  important  still,  that  when  it  is 
completed  it  will  be  distinctly  inferior  to  a  canal  with  locks.  But  to 
defer  the  completion  to  a  period  of  say  twenty  years  would  be  to  tax 
the  present  generation  for  the  cost  of  construction,  and  at  the  same 
time  to  deprive  it  of  the  enjoyment  of  any  of  the  expected  advantages. 
Such  a  proposition  would  hardly  be  agreeable  to  the  tax  payers. 

THE   DAM  AT  GATUN. 

This  question  has  been  discussed  at  length  before  the  .committee, 
and  only  one  further  point  suggests  itself — the  restricted  area  occupiea 
by  the  material  filling  the  two  gorges  in  the  indurated  clay.  This  is 
insignificant  in  respect  to  the  remaining  imperviable  foundations  of 
the  dam,  and  if,  what  is  highly  improbable,  future  investigations 
should  indicate  that  a  modei-ate  loss  of  water  may  occur  it  will  be  easy 
to  control  it  by  well-known  engineering  methods.  The  only  really 
permeable  material  is  restricted  to  the  bottom  of  the  western  gorge, 
below  the  level  of  about  200  feet.  The  entire  area  of  its  cross  sec- 
tion, only  about  500  feet  wide  at  top,  is  about  17,000  square  feet;  and 
it  can  readily  be  made  impervious  by  pumping  down  cement.  The 
entire  area  of  cross  section  across  both  gorges  being  about  370,000 
square  feet,  with  a  length  at  top  of  about  2,650  feet,  the  latter  may 
readily  be  closed  to  a  depth  of  50  feet  by  modern  sheet  piling.  These 
two  simple  operations  would  make  absolutely  impei'vious  about  150,000 
of  the  total  370,000  square  feet,  and  by  similar  methods  the  whole 
area  might  be  closed  if  deemed  desirable.  The  entire  question  thus 
resolves  itself  into  an  engineering  detail  to  be  considered  when  the 
time  comes  to  build  the  dam. 

One  advantage  possessed  by  the  Gatun  site  is  woilhy  of  attention. 
The  whole  region  of  the  Chagres  basin  lying  below  Bohio  is  but  little 
elevated  above  the  sea;  and  this  fact  greatly  reduces  the  height  need- 
ful to  raise  the  dam  in  order  to  submerge  a  wide  area  and  thus  obtain 
a  large  volume  of  water.  The  moderate  height  of  85  feet  above  tide 
suffices,  while  farther  upstream  the  needful  heights  for  reserving 
immensely  smaller  volumes  are  much  greater.  At  Gamboa  the  height 
above  ground  is  130  feet,  and  even  for  the  three  dams  on  the  west  bank 
of  the  Chagres  it  is  75  feet.  Nature  thus  simplifies  the  problem  for 
the  lock  canal. 

Another  point  may  be  mentioned.  From  lack  of  time  no  borings  or 
surveys  were  possible  at  these  latter  three  dam  sites,  and  what  they 
would  have  revealed  is  unknown.  The  estimates  for  them  are  scarcely 
better  than  an  "  engineering  guess."  Three  months  were  too  short  a 
time  for  such  studies. 
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OPEN  GATES  AT  TIDAL  LOCKS. 

It  has  been  urged  before  the  committee  that  the  tidal  lock  of  the  sea- 
evel  project  is  far  less  objectionable  than  an  ordinary  lock,  because  the 

fates  may  be  left  open  for  long  periods  when  the  tidal  height  does  not 
iflFer  materially  from  that  in  tne  canal.  Actual  experience  at  Kiel 
does  not  warrant  this  expectation.  I  visited  Kiel  shortly  after  the 
canal  was  oj)ened,  and  was  informed  by  the  officers  in  charge  that 
this  expectation  was  entertained  there.  Locks  had  been  deemed  neces- 
.sary  because  oscillations  due  to  heavy  gales  readied  extremes  of  plus 
9.6  and  minus  7.6  feet,  or  a  total  of  17.2  feet,  but  as  ordinary-  tidal 
changes  did  not  exceed  a  foot  or  two  the  gates  would  remain  open  most 
of  the  time. 

I  recently  learned  from  Mr.  Tineauzer,  one  of  the  members  of  our 
board,  that  such  had  not  been  the  result  of  experience.  The  original 
intention  of  the  canal  authorities  was  to  leave  the  gates  open  for  three 
hundred  and  thirty  days  in  the  year,  but  they  are  forced  to  keep  them 
closed  almost  all  the  time  to  avoid  the  moderate  currents  which  have 
been  found  to  be  very  dangerous  for  ships  traversing  the  narrow  space 
between  the  lock  walls.  This  width  is  82  feet,  only  18  feet  less  than 
is  projected  for  much  larger  ships  at  Panama.  This  fact  proves  that 
there  is  no  material  difference  between  tidal  and  other  locks  consid- 
ered as  obstructions  to  passage. 

SIZE  OF  LOCKS. 

The  fact  has  been  mentioned  before  the  committee  that  the  1,000 
by  100  foot  size  of  lock  was  adopted  by  the  full  board  by  a  vote  of 
11  to  2.  As  I  happened  to  make  the  motion  myself,  you  will  pardon 
me  if  I  give  the  reason.  The  discussion  came  up  a  little  prematurely, 
because  the  lock  committee  were  then  engaged  on  the  computations 
for  determining  the  question  of  water  supply  of  the  canal  in  the  dry 
season  and  had  not  reached  conclusions.  The  drift  of  the  discussion 
indicated  plainly  that  the  larger  size  would  be  adopted.  This  1  con- 
sidered larger  than  necessary,  but  1  offered  the  motion  in  order  to 
make  it  include  the  provision  that  intermediate  gates  should  be 
inserted  to  reduce  lockage  volumes  for  small  vessels.  On  my  part  it 
was  simply  a  compromise,  as  I  favored  the  smaller  size. 

LOCKAGE  TIMES. 

This  question  has  been  fully  elaborated  before  the  committee  on 
theoretical  grounds,  amply  justified  by  observations,  but  as  I  traversed 
the  four  upper  locks  of  the  Manchester  Canal  on  one  of  the  largest 
steamers  that  navigate  it,  specially  to  study  this  class  of  questions, 
the  actual  times  noted  may  be  interesting.  The  lift  of  the  four  locks 
was  each  about  16  feet,  and  the  times  noted  at  them  hardly  differed. 
The  average  indicated: 

Minutes. 

To  open  gates 1 J 

To  close  gates 1 J 

To  enter  and  tie 3 

To  loose  and  leave 3 

Lift  of  16  feet 7 

Loss  at  lock 16 
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Add  for  loss  in  reducing  speed  when  approaching  the  lock,  and  for 
regaining  it  again  after  leaving,  nine  minutes,  making*  a  total  loss  of 
twenty -hve  minutes  for  passing  a  lock.  These  figures  tend  to  confirm 
the  estimates  of  the  minority  as  being  ample  and  liberal. 

ATTEMPTS  TO   INTERRUPT  TRANSITS. 

Fanciful  speculations  have  been  advanced  tending  to  suggest  dangers 
of  this  malicious  character,  but  they  seem  to  be  wholly  uncalled  for. 
We  stand  pledged  to  open  the  route' to  the  commerce  of  the  world,  and 
by  adopting  the  policy  of  international  agreement  to  its  neutrality,  so 
successful  at  Suez,  all  danger  of  the  route  becoming  a  battle  ground 
will  be  eliminated.  It  is  conceivable,  however,  that  in  the  event  of 
the  passage  of  a  fleet  in  time  of  war  the  hostile  nation  might  plot  its 
interruption,  and  as  a  military  engineer,  whose  duties  have  made  him 
familiar  with  the  use  of  modern  high  explosives,  I  have  given  thought 
to  the  relative  dangers  of  such  attempts  as  directed  against  the  two 
projects. 

The  most  vulnei-able  points  are  not  the  locks  and  sluiceways,  for 
these  occupy  but  little  space  and  would  certainly  be  guarded  effectively. 
The  danger  would  be  at  the  points  where  a  narrow  waterway  traverses 
a  jungle,  favoring  the  placing  of  a  bag  of  dynamite  where  the  ship 
must  certainly  pass,  and  where  a  man  concealed  in  the  undergrowtn 
could  lie  in  wait  to  tire  the  mine  with  a  portable  electrical  igniter,  little 
exposed  to  danger  of  detection  by  a  patrol.  Such  places  abound  on 
the  long  and  narrow  route  of  the  sea-level  project,  but  are  rare  and 
easily  watched  on  the  relatively  broad  lake  route.  The  conclusion  is 
thus  manifest  that  the  former  has  much  more  to  fear  from  such  opera- 
tions than  the  latter.  Moreover,  actual  experience  at  Suez  has  not 
developed  any  such  hostile  tendency. 

DANGERS   FROM   EARTHQUAKES. 

Fortunately  the  Panama  route  travei-ses  a  region  less  exposed  to 
this  danger  than  any  other  in  Central  America.  It  lies  about  midway 
between  the  long  line  of  volcanoes  extending  southward  from  Colom- 
bia and  northward  from  Costa  Kica,  and  that  destructive  earthquake 
shocks  are  very  rare  is  attested  by  the  wide,  flat  arch  in  the  ruins  of 
the  Santo  Domingo  Convent  at  Manama,  which  has  stood  uninjured 
since  the  early  days  of  this  ancient  city.  Accurate  seismographic  rec- 
ords kept  recently  for  the  same  forty-four  consecutive  months  at  Pan- 
ama ana  San  Jose  de  Costa  Rica  indicate  4  slight  shocks,  lasting  ten 
seconds,  at  the  former,  and  91  slight  and  35  strong  shocks,  lasting  six- 
teen minutes,  at  the  latter. 

A  really  formidable  earthquake  might  disturb  the  adjustment  of  the 
lock  gates,  but  could  hardly  affect  such  an  artificial  hill  as  forms  the 
projected  dam  at  Gatun.  What  it  would  do  to  an  all-masonry  dam 
rising  200  feet  above  its  base  at  Gamboa,  and  sustaining,  it  mav  be,  a 
head  of  130  feet  of  water  behind  it,  is  not  so  certain.  A  failure  of 
this  dam  from  any  cause  would  overwhelm  a  sea-level  canal  with  a 
flood  compared  with  which  the  disaster  at  Johnstown  would  be  as 
nothing. 
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LOW-WATBB  SUPPLY  OF  THE  CANAL. 

Doubts  have  been  suggested  to  the  committee  as  to  the  sufficiency 
of  the  water  supply  of  tne  lock  canal  when  the  traffic  becomes  very 
great,  and  a  few  facts  as  to  the  matter  may  be  not  without  value. 

The  area  of  the  basin  of  the  (^hagres  above  Bohio  is  about  700  square 
miles  and  above  Gatun  about  1,200  s(]^uare  miles.  The  area  of  lake 
surface  above  Bohio  is  38.5  square  miles  and  above  Gatun  approx- 
imately 110  square  miles,  or  practically  three  times  greater. 

The  long  and  careful  series  of  water  measurements  conducted  at 
Bohio  for  fifteen  years  have  made  certainly  known  what  volume  of  water 
the  river  will  contribute  during  the  three  months  when  the  natural 
flow  falls  below  the  requirements  of  the  canal.  The  absolute  minimum 
volume  in  this  long  period  was  742  cubic  feet  per  second  at  Bohio 
and  about  1,225  at  Gatun.  Allowing  4  feet  in  depth  over  the  entire 
lake  surface  as  a  reserve,  we  have  an  additional  volume  of  1,577  cubic 
feet  per  second  available,  making  a  total  of  2,802  cubic  feet  per  second 
to  draw  upon.  Part  of  this  must  be  allowed  for  unavoidable  losses,  for 
which  my  estimate  is  the  following,  based  on  the  most  careful  study 
of  all  existing  data: 

Cubic  feet 
per  second. 

Evaporation 710 

Leakage  at  gates 250 

Infiltration 77 

Lights,  power,  etc 200 

Contingencies 200 

Total :...  1,437 

Claims  that  there  ma^^  be  leakages  through  the  two  gorges  in  the 
indurated  clay  at  the  Gatun  dam  have  been  made  before  the  committee, 
and  it  has  even  been  imagined  that  percolation  under  this  indurated 
clay  is  possible,  such  losses  suggesting  danger  to  the  low-water 
reserves.  The  answer  is  simple.  Since  losses  uue  to  ev^aporation  and 
leakage  at  gutes  are  well  understood,  and  the  allowance  for  lights, 
I)ower,  etc.,  is  ample,  the  above  figures  would  cover  a  loss  by  innltra- 
tion  equal  to  half  the  low-water  flow  at  Bohio  before  calling  for  larger 
reserves.  Furthermore,  as  will  appear  below,  the  only  effect  of  such 
purely  hypothetical  and  exaggerated  losses  would  be  to  hasten  the  con- 
struction of  the  Alajueladam,  and  thus  to  secure  an  unlimited  supply. 

Resuming,  after  this  digression,  the  consideration  of  the  low-water- 
supply  problem,  we  find  for  the  water  available  for  lockage  the  differ- 
ence between  2,802  and  1,437,  that  is  to  say,  1,365  cubic  feet  per  second. 
The  size  and  lifts  of  the  locks  being  known,  the  calculation  of  the  lock- 
age prisms  for  one  transit  of  the  canal  is  readily  made.  It  demands  a 
contmuous  flow  of  52  cubic  feet  per  second.  llaving  1,365  cubic  feet 
available,  it  is  clear  that  26  daily  transits  are  provided  for,  which  would 
accommodate  an  annual  traflic  of  some  28,000,000  or  38,000,000  tons, 
depending  on  the  average  size  of  the  vessels.  When  this  limit  is 
approaching  it  will  be  needful  to  provide  a  dam  on  the  upper  Chagres 
for  additional  reserves.  An  ideal  location  exists  at  Alajuela,  some  10 
miles  above  Gamboa,  which  is  vastly  preferable  to  the  latter  as  a  dam 
site. 

A  design  for  a  dam  at  this  place  was  carefully  elaborated  by  the 
engineers  of  the  French  company,  for  which  the  estimated  cost  was 
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$2,400,000.  With  a  water  surface  rising  130  feet  above  the  bed  of 
the  river  this  masonry  dam  will  afford  a  reserve  yielding  a  flow  of 
2,074  cubic  feet  per  second  for  ninety  days,  which  is  sufficient  to  support 
40  daily  lockages.  Onlv  27  were  assumed  in  the  computations  of  the 
minority,  giving,  with  the  26  above  explained,  63  in  all,  which  would 
correspond  to  an  annual  traffic  of  about  80,000,000  tons.  Obviously 
this  is  a  very  conservative  estimate  of  what  the  Chagres  may  be 
counted  upon  to  supply.  It  is  absolutely  certain  that  there  can  be  no 
deficiency  of  water  for  any  conceivable  traffic  demands. 

In  conclusion,  I  beg  you  to  pardon  me  if  I  venture  to  suggest  that  as 
three  months  was  a  short  time  in  which  to  study  details  in  a  problem 
involving  so  many  variants  as  that  of  the  best  possible  lock  canal,  a 
problem  for  whicn  the  New  Panama  Canal  Company  gave  its  engineers 
three  3^ears  and  nine  months  before  rendering  its  report,  it  would  be 
in  my  judgment  wise  to  leave  considerable  latitude  to  the  Commission 
in  preparing  the  final  working  drawings,  if  this  type  be  preferred  by 
your  committee.  Too  narrow  limits  m  wording  might  tend  to.  defeat 
the  intention  of  the  legislation. 

Very  respectf ufly,  Henry  L.  Abbot. 
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Committee  on  Interoceanic  Canals, 

United  States  Senate, 
Washington^  D.  (7.,  Thursday^  March  89, 1906. 
The  committee  met  at  10.30  o'clock  a.  m. 

Present:  Senators  Millard  (chairman),  Kittredge,  Dry  den,  An- 
keny,  Morgan,  Taliaferro,  and  Simmons. 

STATEMEKT   OF  MAJ.  GEN.  GEOBGE  W.  DAVIS,  TJ.  S.  ABMY, 

BETIEED. 

Senator  Kittredge.  You  may  state  your  name,  General  Davis. 

General  Davis.  George  W.  Davis. 

Senator  Kittredge.  And  what  is  your  age? 

General  Davis.  I  am  67. 

Senator  Kittredge.  And  your  residence? 

General  Davis.  At  present  in  this  city ;  I  have  no  fixed  residence. 

Senator  Kittredge.  What  has  been  your  profession  or  business? 

General  Davis.  I  have  been  in  the  Army  since  1861,  with  a  very 
brief  interval. 

Senator  EaTTREDOE.  And  connected  with  the  Engineering  Corps 
during  that  time? 

General  Davis.  Connected  with  engineering  works  a  part  of  that 
time;  I  have  not  been  connected  wim  the  Engineering  Corps  as  a 
corps,  but  with  engineering  works.  I  have  been  on  duty  under  engi- 
neer officers,  officers  of  the  Corps  of  Engineers. 

Senator  Kittredge.  You  were  a  member  of  the  Isthmian  Canal 
Commission,  which  was  appointed  in  March,  1904  ? 

General  Davis.  I  was. 

Senator  Kittredge.  When  did  you  go  to  the  Isthmus? 

General  Davis.  On  my  first  trip  to  the  Isthmus  I  sailed  from  New 
York  on,  I  think,  the  2d,  3rd,  or  4th  of  April,  1904. 

Senator  Kjitoedge.  In  what  capacity  did  you  serve  on  the  Isthmus, 
and  how  long  did  you  remain  there? 

General  Davis.  I  only  remained  there  on  that  occasion  about  two 
weeks.  The  whole  new  Isthmian  Canal  Commission  visited  the  Isth- 
mus at  that  time  and  spent  about  two  weeks  there  for  general  survey 
and  observation  and  then  returned  to  the  United  States.  We  arrived 
back  at  the  end  of  April.  At  the  beginning  of  May  an  Executive 
order  was  published  containing  instructions  for  the  guidance  of  the 
Isthmian  Canal  Commission,  and  on  the  following  day,  the  10th  of 
May,  I  again  left  for  the  Isthmus  under  orders  of  the  President 
appointing  me  governor  of  the  Canal  Zone  and  directing  me  to  take 
general  charge  of  the  work  then  in  progress  on  the  Isthmus.    I 
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arrived  there  on  the  17th  of  May  and  left  there  on  the  10th  of  May  of 
the  following  year.    I  was  there  a  year,  less  a  week. 

Senator  Kittredge.  In  addition  to  your  duties  as  governor  of  the 
Zone,  what  were  your  duties  otherwise  as  a  member  of  the  Commis- 
sion! 

General  Davis.  I  was  ordered  by  the  President  in  this  Executive 
order  to  take  charge  of  the  peace  and  good  order  on  the  Isthmus  as 
g;overnor  of  the  Zone.  I  was  ordered  by  the  Isthmian  Canal  Commis- 
sion, of  which  I  was  a  member,  to  take  charge  of  the  work  then  in 
progress  and  to  conduct  that  work  until  the  arrival  of  the  chief 
engineer,  which  was  to  occur  presumably  in  a  few  weeks.  I  carried 
out  those  instructions,  and  on  the  1st  of  July  the  chief  engineer,  Mr. 
Wallace,  took  over  the  engineering  work  and  continued  in  charge  of 
the  engineering  work  thereafter,  reporting  through  me  to  the  Com- 
mission until  the  Commission  arrived  there  in  August  and  changed 
the  channel  of  report,  directing,  then,  that  he  report  to  the  Commis- 
sion and  not  through  me  as  an  intermediary  or  as  a  channel. 

Senator  Kittbedgb.  Were  you  a  memb^  of  the  engineering  com- 
mittee of  the  Isthmian  Canal  Commission  to  which  you  have  re- 
ferred ? 

General  Davis.  Some  time  in  the  winter  or  autumn  of  1904  the 
Isthmian  Canal  Commission  divided  up  its  members  into  conmiittees. 
I  think  there  were  five  in  all,  and  I  was  made  a  member  of  any  com- 
mittee that  might  be  visiting  the  Isthmus  during  such  period.  I  was 
made  ex  officio  a  member  of  any  committee  that  might  oe  there.  The 
only  committee  that  ever  came  there  as  a  committee  to  transsict  busi- 
ness was  the  engineering  committee,  consisting  of  Mr.  Parsons  and 
Mr.  Burr.  I  became  a  member  of  that  committee  by  virtue  c»f  the 
fact  that  they  met  on  the  Isthmus,  and  as  sucK  sat  with  them  and  de- 
liberated. 

Senator  Kittredge.  Where  did  you  live  while  on  the  Isthmus? 

General  Davis.  I  lived  for  two  months  after  I  arrived  there  on 
the  top  of  the  Culebra  Hill,  in  one  of  the  vacant  buildings  that  the 
French  had  turned  over  to  us,  just  alongside  of  the  Culebra  excava- 
tion. After  I  had  succeeded  in  getting  an  old  building  fixed  up  that 
the  superintendent  of  wagons  or  teams  or  teamsters  had  used  under 
the  French  regime,  when  I  had  had  it  made  habitable,  I  moved  into 
that  building,  on  the  outskirts  of  the  city  of  Panama,  which  was  more 
convenient  for  my  purposes. 

Senator  Kictredge.  1  suppose  you  were  frequently  over  the  route 
of  the  canal  ? 

General  Davis.  Oh,  many,  many,  many  times. 

Senator  Kittredge.  And  you  kept  in  touch  with  what  was  going 
on? 

General  Davis.  I  tried  to.  I  think  I  was  intimately  acquainted 
with  it. 

Senator  Kittredge.  The  engineering  situation  as  well  as  govern- 
mental features? 

General  Davis.  I  had  very  close  and  very  intimate  relations  with 
the  chief  engineer,  Mr.  Wallace.  I  became  auite  well  acquainted  with 
him,  and  he  was  quite  cordial  with  me,  ana  there  appeared  to  be  no 
matters  going  on  between  us  of  which  each  was  not  thoroughly  aware. 
He  told  me  of  his  plans,  of  his  methods,  of  his  processes;  and  in  like 
manner  I  talked  with  him  about  my  business.    While  there  was  no 
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necessity  for  our  doing  that,  yet  it  was  felt  to  be  wise  to  be  in  perfect 
harmony. 

Senator  Kittredge.  You  were  a  member  of  the  Board  of  Consult- 
ing Engineers? 

General  Davis.  Yes,  sir. 

Senator  EarrREDOE.  Aiid  signed  the  majority  report? 

General  Davis.  Yes,  sir. 

Senator  Kittredge.  In  favor  of  a  sea-level  canal? 

General  Davis.  Yes,  sir. 

Senator  Kittredge.  Are  you  familiar  with  the  report  of  the  minor- 
ity of  the  Consulting  Engineers? 

General  Davis.  I  am ;  yes,  sir. 

Senator  Kittredge.  Also  the  report  of  the  Isthmian  Canal  Com- 
mission— ^the  present  Commission  ? 

General  Davis.  I  am ;  yes,  sir. 

Senator  Kittredge.  Have  you  read  the  testimony  of  the  witnesses? 

General  Davis.  I  have;  all  except  that  of  General  Hains. 

Senator  Morgan.  I  would  like  to  ask  you  whether  at  the  close  of 
the  Spanish  war  you  were  made  governor  of  Porto  Kico  ? 

General  Davis.  Yes,  sir. 

Senator  Morgan.  How  long  did  you  serve  in  that  capacity? 

General  Davis.  I  arrived  mere  in  May,  1899,  and  turned  over  the 
government  of  the  island  to  the  civil  governor  on  the  1st  of  May, 
1900.  I  remained  in  Porto  Kico  until  the  following  December,  in 
command  of  the  forces  there,  and  with  instructions  to  cooperate  with 
the  new  governor  and  assist  him  in  every  way  I  could  to  get  the  civil 
government  of  Porto  Rico  started  oflf. 

Senator  Morgan.  While  ther^  you  had  the  task  of  organizing  the 
civil  government  in  Porto  Rico  under  the  Government  of  the  United 
States?  . 

General  Davis.  I  did,  sir,  in  way  of  preparation  and  assistance. 

Senator  Morgan.  And  virtually  did  the  whole  work? 

General  Davis.  Well,  I  should  scarcely  want  to  claim  credit  for 
everything.  I  carried  out  the  instructions  of  my  superior,  the  Secre- 
tary of  War,  Mr.  Root — I  tried  to. 

Senator  Morgan.  Did  you,  at  any  time  during  or  after  the  Spanish 
war,  have  any  power  of  government  or  command  or  control  m  the 
island  of  Cuba? 

General  Davis.  Before  that  I  had ;  yes,  sir. 

Senator  Morgan.  Before  you  went  to  Porto  Rico? 

General  Davis.  Yes,  sir.  I  went  to  Cuba  in  the  autumn  of  1898, 
and  landed  the  first  regiment  that  landed  in  Habana,  and  then  went 
and  organized  the  military  government  of  the  province  of  Pinar  del 
Rio,  the  western  end  of  the  island  of  Cuba,  and  remained  there  until 
the  following  February. 

Senator  ISfoRGAN.  You  were  in  charge  of  the  military  government 
at  Pinar  del  Rio? 

General  Davis.  Yes,  sir. 

Senator  Morgan.  You  were  not  in  charge  of  the  Santiago  govern- 
ment at  any  time? 

General  Davis.  No  ;  I  never  was  in  Santiago. 

Senator  Morgan.  Then  afterwards  you  served  in  the  Philippines  t 

General  Davis.  I  left  Porto  Rico  in  December,  1899,  and  in  Janu- 
ary I  was  in  the  Philippines. 
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Senator  Morgan.  'What  were  your  duties  and  official  functions  out 
in  the  Philippines? 

General  Davis.  I  was  appointed  inspector-general  of  the  troops  in 
the  Philippines  upon  my  arrival,  but  only  remained  in  that  position 
about  two  or  three  weeks.  I  was  then  detailed  by  the  commanding 
general  in  the  Philippines  as  provost-marshal-general  of  the  Philip- 
pine division,  and  was  assi^ed  to  duty  in  command  of  the  troops 
stationed  in  the  city  of  Manila,  which  made  me  practically  the  mili- 
tary governor  of  tne  city  of  Manila,  with  instructions  to  organize 
that  government  and  get  it  ready  for  a  civil  government  as  soon  as 
possible.  I  did  so,  and  six  months  later  I  turned  over  the  govern- 
ment of  the  city  of  Manila  to  the  commissioners  who  had  been  desig- 
nated by  the  Philippine  Commission  to  govern  the  city;  and  I  then 
went  to  the  southern  Philippines  in  command  of  one  of  the  depart- 
ments, and  carried  on  some  military  operations  in  the  southern  Phil- 
ippines. 

Senator  Morgan.  AVhat  civil  functions  did  you  perform  during  the 
remainder  of  your  stay  there  ? 

General  Davis.  After  about  a  year's  stay  in  the  southern  Philip- 
pines, holding  the  position,  practically,  of  military  and  civil  governor 
(if  the  two  functions  can  be  considered  to  be  merged,  because  the 
Philippine  government  had  not  at  that  time  assumed  civil  govern- 
ment in  southern  Mindanao  and  the  Jolo  Archipelago) ,  I  went  back  to 
Manila  in  July  or  August,  1902,  and  commanded  the  military  forces  in 
the  island  of  Luzon  for  about  two  months,  and  then  relieved  General 
Chaffee  as  commander  of  all  the  forces  in  the  Philippine  Islands. 
That  was  on  the  1st  of  October,  1902,  and  in  the  followmg  July,  ten 
months  later,  I  was  retired  from  active  service  and  came  home. 

Senator  Morgan.  Did  you  come  home  under  any  new  appointment? 

General  Davis.  No.  1  had  been  informed  that  I  was  likely  to  be 
appointed  a  member  of  the  Interoceanic  Canal  Commission.  I  had 
received  an  intimation  to  that  effect. 

Senator  Morgan.  How  long  was  it  after  you  returned  before  you 
were  appointed  ? 

General  Davis.  I  came  home  through  the  Suez  route  and. arrived 
in  November,  and  in  the  following  March  •!  was  appointed. 

Senator  Morgan.  Having  had  an  intimation  of  your  appointment 
as  one  of  the  Commission,  when  you  passed  through  the  Suez  route 
did  you  give  particular  attention  to  that  route  ? 

General  Davis.  It  was  the  principal  reason  why  I  came  home  that 
wav,  so  that  I  could  see  it  and  study  it. 

Senator  Morgan.  You  wanted  to  study  it  before  you  took  your 
office  as  Commissioner? 

General  Davis.  Yes. 

Senator  Morgan.  That  is  all  I  wanted  to  ask  the  General. 

Senator  Drtden.  Did  you  spend  any  time  at  Suez  besides  passing 
through  the  Suez  Canal  as  a  traveler  ? 

General  Davis.  No;  I  was  only  there  two  and  a  half  days,  I 
suppose,  in  all.  I  should  have  liked  to  spend  a  week  or  two  there, 
but  the  movements  of  the  transport  did  not  permit. 

The  Chairman.  General,  will  you  now  proceed  (if  there  are  no 
other  questions  to  ask  at  this  point)  and  give  the  committee  such 
information  as  you  have  prepared  for  it? 
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General  Davis.  Gentlemen,  I  have  prepared  some  notes  here  which 
represent  some  ideas  that  I  will  express  to  you,  with  your  permission, 
and  will  make  them  the  basis  of  any  subsequent  remarks  or  answers 
to  interrogations  which  you  may  wish  to  put  to  me.  If  you  wish  to 
interrupt  me  at  any  time,  do  not  hesitate  to  do  so,  because  I  can  take 
up  the  thread  of  my  remarks  easily. 

The  Chairman.  The  committee  will  endeavor  to  let  you  go  along 
and  finish  your  statement  as  far  as  possible,  after  which  we  will  prob- 
ably want  to  ask  you  a  number  of  questions. 

General  Davis.  What  I  have  to  say  begins  with  certain  general  con- 
siderations that  relate  to  the  canal  question  in  a,  very  large  way  and 
have  nothing  to  do  with  the  type  or  physical  features. 

There  are  some  general  phases  of  the  isthmian  canal  question  that 
do  not  seem  to  have  received  attention  in  the  consideration  of  this 
committee,  so  far  as  may  be  judged  from  the  printed  reports  of  the 
hearings.  I  would  like  to  be  permitted  to  briefly  discuss  a  phase  of 
the  question  affecting  type  ultimately  that  has  no  concern  at  the  mo- 
ment with  the  subject  of  locks,  sea  levels,  dams,  curves,  prisms,  speed, 
capacity,  and  safety. 

The  aspect  of  the  question  that  it  seems  to  me  has  so  far  been  over- 
looked requires  for  its  elucidation  a  consideration  of  the  geography 
of  the  earth  and  the  size,  situation,  and  relation  of  the  continents  and 
oceans  to  each  other,  together  with  the  distribution  of  the  world's 
population. 

A  glance  at  a  map  of  the  Eastern  Hemisphere  shows  graphically 
certain  facts  respecting  the  physical  conditions  and  relations  of  the 
densely  and  sparsely  populated  areas  to  what  are  and  must  always 
be  thegreat  commercial  activities  of  trade,  commerce,  and  travel. 

In  Eiirope  and  Asia  are  found  nearly  two-fifths  of  the  habitable 
land  areas  of  the  globe,  and  within  them  live  more  than  four-fifths 
of  the  world's  inhabitants.  Africa  contains  nearly  one-fourth  of  the 
globe's  land  area  and  contains  about  one-twelfth  of  its  inhabitants. 

The  Arctic  Ocean,  lying  in  the  north  of  Europe  and  Asia,  does  not 
supply  a  practicable  marine  route  between  the  eastern  and  the  west- 
em  seas.  The  Atlantic,  Pacific,  and  Indian  oceans,  with  the  Medi- 
terranean and  Red  seas,  border  Europe  and  Asia  on  the  west,  south, 
and  east;  and  the  natural  obstacle — 104  miles  wide — that  was  inter- 
posed to  the  mariner  at  the  Isthmus  of  Suez,  was  removed  by  man 
many  years  since,  so  that  now  the  ocean-borne  coasting  trade  of  this 
vast  northern  area  and  population  encounters  no  obstacles  to  froa 
movement  save  those  that  the  winds  and  waves  interpose  everywhere 
on' the  ocean  to  the  sailor.  The  population  of  the  northern  and  north- 
eastern shores  of  Africa  also  depends  upon  the  Suez  route  in  passing 
between  the  Atlantic  and  Mediterranean  waters  on  the  one  side  and 
those  of  the  Red  Sea  and  Indian  Ocean  on  the  other. 

All  the  inhabitants  of  Europe  and  Asia  and  half  of  those  of  Africa 
that  are  in  any  way  interested  in  water-borne  interoceanic  commerce 
of  the  eastern  world  are  served  by  the  Suez  Canal,  that  joins  the 
Atlantic  and  Mediterranean  to  the  Indian  and  Pacific  waters;  or 
their  vessels  must  double  the  Cape  of  Good  Hope,  which  involves  an 
increased  distance  of  2,700  miles  as  a  minimum  and  4,300  as  a  maxi- 
mum. 

In  the  Western  Hemisphere  the  geoffraphical  conditions  are  not 
dissimilar  to  those  just  referred  to,  although  the  areas  are  much 
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smaller,  and  the  populations  now  waiting  for  better  and  shorter 
means  of  interoceanic  transit  are  very  many  times  smaller. 

There  is  in  the  western  as  in  the  eastern  world  no  navigable  water- 
way through  the  Arctic,  and  no  way  for  a  vessel  to  pass  directly  be- 
tween the  Atlantic  and  the  Pacific  save  by  doubling  the  soutiiem  ex- 
tremity of  South  America.  But  the  obstacle  that  nature  has  inter- 
posed to  a  shorter  route  of  travel  and  trade  is  fortimately  not  an  in- 
superable one ;  for  a  canal  half  as  long  as  that  at  Suez  through  the 
Isthmus  of  Panama  will  shorten  voyages  between  North  Atlantic  and 
Xorth  Pacific  American  ports,  via  Cape  Horn,  by  a  distance  of  9,600 
miles,  or  considerably  more  than  double  the  saving  that  the  Suez 
Canal  permits  between  England  and  India.  Subjecting  Panama  to 
the  same  treatment  that  resulted  in  joining  the  Mediterranean  and 
Red  seas  will  result  in  separating  the  American  continents  and  join- 
ing the  oceans,  just  as  the  making  of  the  Suez  Canal  did  in  the  Old 
\^rld. 

The  density  of  the  population  to  the  sauare  mile  in  Europe  is  107 
and  in  Asia  57.  When  North  and  Soutn  America  shall  have  been 
peopled  as  densely  as  is  Asia  now,  the  total  American  population  will 
reach  760,000,000  souls. 

When  we  consider  that  there  is  more  waste  land  in  Asia  than  in 
the  two  Americas ;  that  the  Indian  population  of  nearly  300,000,000 
is  distributed  at  the  rate  of  164  to  the  mile;  that  the  28,000,000  in- 
habitants of  Java,  a  little  larger  than  Cuba,  have  a  density  of  568  to 
the  square  mile;  that  migration  from  the  Old  to  the  New  World  is 
proceeding  at  an  enormous  rate,  and  that  it  is  an  ever-increasing  one, 
we  may  well  believe  that  the  New  World  may  in  one  or  two  centuries 
have  a  thousand  million  inhabitants,  and  that  it  may  attain  to  one- 
third  of  this  figure  by  the  time  the  Panama  Canal  shall  have  been  in 
commission  fifty  years. 

It  seems  to  me,  then,  that  we  should  have  these  considerations  con- 
stantly in  mind  when  discussing  the  capacity,  dimensions,  and  type 
of  this  great  waterway,  that  can  never  have  a  rival  save  the  other 
continental  interoceanic  canal  at  Suez.  Should  it  not  be  at  least  as 
capacious,  free,  and  unobstructed  as  the  best  of  the  excavated  chan- 
nels that  mi\n  has  made,  or  that  he  will  ever  be  called  upon  to  make  ? 

What  the  situation  demands  is  well  known,  and  the  American  Gov- 
ernment has  declared  to  the  world  that  the  obstacle  at  Panama  shall 
be  removed.  Will  it  be  removed  if  we  leave  a  hill  over  which  the 
world's  commerce  and  navies  are  to  be  hoisted?  Will  the  world  con- 
sider that  we  have  adequately  solved  the  problem,  and  will  the  Amer- 
ican people  be  satisfied  with  the  result  ii  we  offer  them  anything  in- 
ferior as  res.pects  capacity,  or  convenience,  or  adaptabilitv  for  en- 
largement, or  type,  to  what  private  capital  did  for  the  Old  World — a 
canal  which  now  serves  as  a  model,  and  will  continue  to  until  we 
acquit  ours^^ves  of  the  responsibility  voluntarily  and  eagerly  as- 
sumed ? 

Two  object  lessons:  There  is  in  the  United  States  no  reallv  mari- 
time canal;  and,  fortunately,  the  physical  characteristics  of  tlie  land 
do  not  reauire  that  any  be  made.  Cape  Cod  may  be  segregated  from 
the  rest  oi  Massachusetts;  the  Delaware  and  Chesapeake  bays  may  be 
joined,  and  the  Florida  Peninsula  may  be  traversed  by  a  waterwav ; 
but  these  are  all  subsidiary — merely  possible  conveniences.  But  the 
Panama  Canal  is  not  in  this  category. 
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Only  one  of  our  many  internal  waterways  has  ever  been  consid- 
erably enlarged  and  adapted  to  use  by  vessek  of  considerable  size. 
I  refer  to  the  one  between  Lakes  Superior  and  Huron,  which  really 
is  not  a  canal  at  all,  but  instead  a  lock  proposition  with  a  few  thou- 
sand feet  of  channel  approaches  and  jetties  at  each  end.  Its  locks 
are  more  analogous  to  some  of  those  great  tidal  harbor  basins  of 
Europe,  to  which  access  for  the  loading  and  discharging  of  vessels  is 
afforded  by  locks  or  gates,  than  to  an  interoceanic  canal. 

The  Soo  Canal,  so  called,  is  a  mile  and  six-tenths  long.  The  six 
locks  in  the  minority's  plan  of  the  Panama  Canal  are  2J  miles  long. 
These  locks  alone  of  the  proposed  lock  plan  at  Panama  are  nearly  a 
mile  longer  than  the  whole  Soo  Canal  with  its  lock. 

Had  Mature  given  to  Lakes  Superior  and  Huron  a  common  level, 
as  she  has  to  the  oceans,  the  supposed  obstacle  at  the  Soo  to  free  com- 
munication would  have  long  since  been  removed  by  the  construction 
of  a  channel  clear  of  all  obstructions,  and  this  regardless  of  any  cost 
that  was  within  our  capacity  and  resources.  But,  unfortunately, 
Nature  made  such  simple  treatment  •  impossible,  for  Lake  Huron  is 
twenty-odd  feet  lower  than  Lake  Superior.  It  was  useless  to  wish 
for  an  ideal  treatment  of  the  obstacle,  for  it  was  an  impossibility; 
and  American  and  Canadian  engineers  have  provided  the  best  solu- 
tion possible. 

At  first  locks  350  feet  long  sufficed.  Then  one  515  feet  long  was 
added.  Next  the  first  were  demolished  and  replaced  with  a  lock  with 
chamber  800  feet  long.  Then  the  Canadians  made  another  in  their 
territory  900  feet  long;  and  we  are  about  to  demolish  our  second  lock 
to  put  in  one  1,400  feet  long.  So  now  there  are  three  parallel  locks 
at  the  Soo,  with  a  combined  length  of  2,215  feet,  soon  to  be  increased, 
not  in  number,  but  in  length,  to  3,100  feet. 

Senator  Kittredoe.  May  I  interrupt  you  there?  I  did  not  quite 
understand  the  statement  regarding  the  1,400-foot  lock. 

General  Davjs.  Congress,  as  I  understand^  has  authorized  the  con- 
struction of  a  1,400- foot  lock  at  the  Soo,  and  they  propose  to  tear 
out  the  Weitzel  lock  and  put  the  new  1,400-foot  lock  in  its  place.  I 
am  told  that  by  the  engineer  in  charge. 

Senator  Kittredge.  Does  that  mean  a  lock  with  usable  dimensions 
of  1,400  feet? 

General  Davis. 'With  usable  dimensions  of  1,400  feet,  less  the 
f-wing  of  the  gates ;  yes. 

Senator  Dryden.  Is  the  object  of  lengthening  that  lock  to  permit 
more  of  the  medium-len^h  vessels  to  get  in  at  one  time? 

General  Davis.  That  is  it;  that  is  it.  They  put  in  two,  three,  four, 
five,  six  of  those  boats  and  barges,  you  know.  The  whaleback  barge 
is  a  common  method  of  transportation  there. 

Senator  Morgan.  In  what  act  was  provision  made  for  that  1,400- 
foot  lock? 

General  Davis.  I  could  not  tell  you  offhand,  Senator.  My  infor- 
mation comes  from  the  engineer  who  is  in  charge  of  the  Soo  locks. 
He  says  that  they  are  just  now  making  their  plans  to  tear  out  the 
Weitzel  lock  and  put  in  a  1,400- foot  lock. 

Senator  Morgan.  It  is  one  of  those  things  that  slipped  into  an 
appropriation  bill,  I  suppose. 

Greneral  Davis.  I  can  hunt  it  up. 

Senator  Morgan.  We  will  get  it.     I  was  just  inquiring. 


786  INVESTIGATION   OF  PANAMA  CANAL  MATTEB8. 

General  Davis.  My  information  is  based  on  what  Mr.  Ripley  said. 

Senator  Taliaferro.  The  point  in  that,  General  Davis,  is  that  it 
has  been  found  necessary  to  enlarge  these  locks  from  time  to  time? 

General  DA\as.  Continually.  I  am  coming  to  something  else  upon 
this  point  which  is  quite  pertinent  to  it. 

If  the  commerce  of  the  Great  Lakes  continues  to  increase  in  the 
future  as  in  the  past,  this  plant  for  making  the  transit  at  the  Soo  will 
be  overtaxed,  and  more  locks  or  larger  ones  demanded.  On  the 
other  hand,  an  international  commission  is  now  in  session  considering 
the  question  of  a  probable,  indeed  certain,  inadequate  water  supply 
for  the  combined  purposes  of  navigation  and  other  industrial  uses: 
for  it  is  evident  that  the  one  or  the  other  must  be  curtailed.  General 
Ernst  is  a  member  of  that  commission,  and  they  are  now  trying  to 
draw  up  reflations  to  get  the  two  countries  to  agree  to  specify  that 
this  industrial  establishment  shall  not  use  more  than  so  many  second 
feet,  or  that  that  one  and  all  shall  not  use  more  than  so  many  second 
feet,  or  that  the  whole  use  of  water  on  the  American  side  shall  not 
exceed  so  much,  and  so  much  on  the  Canadian  side,  so  that  there  will 
be  left  enough  to  serve  all  purposes  partially. 

Senator  Morgan.  All  purposes  or  navigation  ? 

General  Davis.  Yes;  and  industrial  purposes,  too.  Navigation  is 
an  industry.  I  do  not  know  that  the  navigation  men  have  any 
superior  claim  with  respect  to  the  use  of  waters  over  those  who  may 
have  riparian  rights  along  the  channel.  However,  that  is  aside  from 
my  purpose. 

.  The  Soo  locks  have  served  a  most  beneficent  purpose.  They  have 
been  admirably  managed.  They  are  an  object  lesson  that  the  Board  of 
Engineers  verj^  carefully  studied.  But  when  we  endeavor  to  apply  at 
Panama  the  principles  governing  at  the  Soo,  and  propose  to  equip  the 
interoceanic  canal  with  deA-ices  such  as  could  not  be  dispensed  with 
at  the  old  lake  portage,  the  lesson  of  the  Soo  is  inapplicable.  A  lock 
or  locks  of  small  lift  was  necessary  to  overcome  the  difference  of 
level;  but  at  Panama  there  is  no  difference  of  level  that  can  nut  be 
surmounted  in  the  same  way  that  the  Suez  interior  elevations  were. 

The  ships  plying  the  Lakes  are  built  to  suit  the  lock  conditions,  and 
they  pass  and  repass  everv  ten  days  or  two  weeks  during  the  open 
season.  During  the  closed  season — one-third  or  more  of  the  vear — 
the  boats  and  tne  locks  are  idle,  and  there  is  a  tintfe  for  general  over- 
hauling; for  it  is  certain  that  no  vessel  will  ask  passacre  either  up 
or  down.  But  at  Panama  the  ships  will  not  be  specially  built  for 
the  canal,  but  for  the  navigation  of  the  broad  oceans,  and  there  will  be 
no  time,  either  months  or  days,  when  the  canal  will  be  out  of  use. 

It  has  been  claimed  that  since  it  is  propased  to  make  the  Panama 
locks  in  pairs  there  will  be  ample  time  lor  the  overhauling  of  one 
flight  by  putting  it  out  of  commission  temporarily  and  depending 
solely  on  the  other  flight.  But  when  the  traffic  increases  so  as  to  ap- 
proach or  reach  the  limit  of  capacity  of  both  flights,  the  disuse  of  one 
Tor  even  a  few  days  would  cause  intolerable^  delays ;  for  one  will  never 
know  when  an  accident  disabling  a  lock  will  occur. 

This  example  of  the  successful  use  of  locks  at  the  Soo  has  ap- 
parently served  as  an  object  lesson  to  many  American  engineers  who 
are  forgetful  or  ignorant  of  the  splendid  examples  of  Suez,  Kiel,  and 
Corinth.  It  sometimes  seems  that  in  some  men's  minds  it  may  have 
come  about  that  the  canal  at  Panama,  or  indeed  any  canal,  cannot  be 
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thought  of  even  save  in  terms  of  locks,  for  if  all  the  arguments  that 
have  been  adduced  in  praise  of  these  devices  be  accepted  as  sound, 
then  it  would  seem  to  follow  that  the  only  way  to  make  the  Suez 
Canal  perfect  would  be  to  put  a  lock  at  each  end  and  feed  the  summit 
level  from  the  Nile,  a  proposition  that  was  once  seriously  considered 
in  a  way  at  a  time  when  it  was  alleged  that  the  Suez  Canal,  as  it  was 
in  1870  to  1880,  would  soon  be  inadequate. 

It  has  been  suggested  that  the  adherence  of  the  majority  of  the 
Consulting  Board,  including  all  the  foreign  members,  to  this  sea-level 
idea,  may  have  been  due  in  part  to  the  fact  that  the  great  canal  of 
the  Old  World  is  that  at  Suez,  while  the  great  canal  of  the  New 
World  is  the  Soo — one  at  a  uniform  level  and  the  other  in  two  levels; 
also  that  the  recommendations  of  the  majority  are  vitiated  by  their 
having  ignored  the  latter. 

I  hope  to  be  able  to  show  you,  gentlemen,  that  there  are  very  good, 
indeed  abundant,  reasons  for  the  expressed  preference  of  the  major- 
ity to  make  the  Panama  Canal  conform  in  type  to  the  former. 

At  least  three  of  the  majority,  including  one  foreign  member,  have 
seen  the  Soo  lock  in  operation;  but  I  am  told  that  not  one  member 
of  the  minority  or  of  the  Commission  ever  saw  the  Suez  Canal,  while 
several  of  the  majority,  including  one  American  member,  have  per- 
sonally inspected  that  greatest  of  all  maritime  canals.  If  there  is  an 
inadequacy  of  personal  knowledge  by  the  members  respecting  either 
object  lesson,  it  would  seem  to  apply  with  most  force  to  the  minority 
as  respects  Suez. 

There  has  been  a  reference  made  in  the  papers  before  you  to  what 
is  claimed  to  be  a  fact,  that  the  tonnage  passing  the  Soo  locks  is  three 
times  greater  than  that  passing  Suez.  In  1905  the  Suez  Canal  passed 
13,000,000  net  tons,  and  there  passed  the  Soo  some  36,000,000,  or 
about  two  and  three- fourths  times  as  much  tonnage.  A  valuation  of 
this  freight  at  $10.60  per  ton,  the  figure  of  1904  (I  have  not  the  value 
for  1905),  would  give  the  aggregate  of  the  commodities  transported 
at  the  Soo  a  value  of  $381,000,000.  The  goods  handled  consisted 
largely  of  articles  of  the  least  unit  value  of  any  transported  any- 
where, such  as  iron  ore  and  coal,  representing  over  27,000,000  tons  in 
1904  out  of  a  total  of  31,500,000. 

What  is  the  value  per  ton  of  the  freight  passing  through  the  Suez 
Canal  ?  We  have  no  means  of  knowing ;  but  it  must  be  many  times 
greater  than  the  raw  materials  moved  between  Lakes  Huron  and 
Superior.  A  large  part  of  it  must  be  general  merchandise,  which  at 
the  Soo  is  placed  at  $135  per  ton.  It  would  seem  to  be  conservative 
to  estimate  the  Suez  freight  at  $50  per  ton,  in  which  case  the  value 
of  that  traffic  would  reach  $050,000,000,  or  nearly  double  the  value  of 
Soo  freight.  It  it  be  put  at  $30  per  ton,  the  figure  would  be  $390,000,- 
000,  or  quite  equal  to  the  other.  So  that  we  see  that  the  actual  impor- 
tance of  the  two  routes  measured  by  the  value  of  the  goods  moved  is 
probably  greatly  in  favor  of  the  Old  World  canal. 

Again,  if  the  value  of  the  ships  using  both  routes  be  taken  into 
account,  the  comparison  would  be  still  more  in  favor  of  Suez;  for 
there  are  moving  in  constant  procession  man;^'  of  the  most  costly  ships 
in  the  world — ^great  commercial  liners,  battle  ships,  and  cruisers — 
while  the  ships  plying  on  the  Great  Lakes  are  generally  the  simplest 
freighters  and  barges. 
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As  a  route  of  travel,  the  contrast  is  still  more  remarkable.  The 
number  of  passengers  passing  the  Soo  in  1904  was  16,120,  while  the 
number  passing  ^ez  m  1902  (the  last  year  for  which  the  data  are 
available)  was  223,775. 

The  statement  that  the  Soo  transit  is  three  times  as  important  as 
that  at  Suez  seems  to  have  no  sufficient  basis  of  fact  to  support  it. 
Why,  then,  should  not  the  Board  of  Engineers,  with  all  the  data 
available,  physical  and  statistical,  have  assigned  more  importance 
to  the  traffic  figures  of  the  Old  World  example  than  to  those  pertain- 
ing to  the  other?  And  why  should  not  those  gentlemen,  chosen  to 
advise  upon  a  solution  of  the  Panama  problem  as  respects  type,  have 
endeavored  to  present  a  feasible  plan  for  adoption  that  would  insure 
the  realization  of  a  waterway  better  in  every  respect  than  the  best 
that  exists,  so  it  be  realizable  at  an  expenditure  in  money  within  the 
financial  capacity  of  this  great  nation  and  within  a  reasonable  period 
of  time? 

If  any  of  those  who  have  formed  and  expressed  opinions  upon  this 
auction  of  type  are  beset  with  an  idea  that  has  controlled  or  warped 
tiieir  judgment  by  what  has  been  sometimes  called  a  mental  obsession, 
to  which  group  do  they  belong? 

Now.  as  to  the  type — whether  sea  level  or  with  locks: 

T  have,  I  think,  read  about  all  that  has  recently  been  printed  by 
the  Government  in  the  way  of  criticism  or  commendation  of  the  ma- 
jority and  minoritv  plans  for  a  canal  at  Panama.  'What  I  propose 
to  say  as  respects  tliis  important  question  will  be  said  as  a  layman  to 
a  lay  audience.  The  President  and  the  Secretary  of  War  have  sub- 
mitted their  opinions,  and  we  have  also  been  favored  with  an  expres- 
sion of  judgment  by  the  Isthmian  Canal  Commission  and  its  present 
and  former  chief  engineers. 

The  critics  of  the  majority  report  admit  that  a  canal  at  sea  level 
would  have  certain  advantages.  I  think  it  may  be  said  that  one  and 
all  concede  that  if  a  sea-level  waterway  be  wide  and  deep  enough 
it  would  be  superior  to  any  involving  excavations,  lakes,  locks,  and 
lifts;  but  they  discard  it  as  impracticable  because  of  the  greater  cost. 

Some  or  all  those  who  favor  a  plan  involving  170  feet  of  lockage 
admit  that  the  Suez  type  would  be  somewhat  less  exposed  to  damage 
in  time  of  war;  that  the  operating  and  maintenance  expenses  alone 
would  be  less,  and  that  small  ships  would  traverse  it  quicker  than  the 
others.  On  the  other  hand,  it  is  claimed  that  the  majority  estimate 
of  cost  is  too  low;  that  there  would  be  very  much  more  liability  to 
accident  during  construction;  that  it  woulS  require  alx)ut  twice  as 
long  to  construct;  that  its  transit  by  large  ships  would  be  less  speedy; 
that  it  would  be  more  difficult  to' enlarge — m  short,  that  the  canal 
made  as  proposed  by  the  minority  would  be  safer,  more  feasible  and 
desirable  than  the  other. 

The  propriety  of  a  discussion  by  an  officer  of  the  Government  of  the 
officially  expressed  opinions  of  his  superiors  should  not  be  permitted 
or  thought  of.  This  is  an  elementary  proposition  that  no  one  will 
question.  As  I  had  been  informed  that  1  was  to  be  called  before  this 
committee  and  questioned  respecting  my  views  upon  the  subiects  that 
had  been  receiving  attention  here,  5  took  occasion  to  ask  the  Secre- 
tary of  War  how  far  he  wished  me  to  go  in  discussing  the  subject, 
upon  which  he  had  submitted  a  recommendation  to  uie  Presicfent 


INVESTIGATION   OP  PANAMA  CANAL   MATTEHS.  789 

He  asked  me  to  say  to  this  committee  that  he  desired  that  I  feel  my- 
self entirely  free  to  elucidate  to  you  in  the  fullest  manner  the  ques- 
tions you  are  considering. 

The  letter  to  the  Secretary  of  War  transmitting  the  reports  of  the 
Board  of  Engineers  and  the  review  of  the  same  by  the  Istmnian  Canal 
Conimission  and  its  chief  engineer  are  before  you.  Certain  con- 
clusions have  been  reached  by  the  Secretary  from  a  study  of  the 
papers  transmitted  that  seem  to  me  to  be  based  upon  misconceptions 
of  fact  or  a  misunderstanding  of  the  arguments  and  conclusions 
which  are  the  subject  of  his  review.  With  your  permission,  therefore, 
I  will  briefly  invite  attention  to  some  of  the  more  important  of  his 
observations  and  endeavor  to  show  that  too  much  or  too  little  weight 
has  been  given  to  the  sea-level  and  lock-plan  arguments. 

As  to  the  question  of  a  winding  waterway  and  tortuous  naviga- 
tion— those  being  some  words  that  the  Secretary  has  used  in  his 
letter  as  applied  to  the  sea-level  plan : 

The  total  curvature  of  some  existing  and  proposed  canals,  expressed 
in  degrees  of  arc,  is  as  follows:  What  I  mean  by  that  is,  that  when 
you  turn  a  certain  curve,  you  also  make  a  change  of  direction  meas- 
ured by  a  certain  number  of  decrees.  Each  curve  has  its  own  angular 
measurements.  Adding  together  all  those  angular  measurements 
gives  the  total  angular  measurements  for  the  canal  route.  That  will 
explain  what  I  am  going  to  say. 

The  proposed  Panama  sea-level  canal  has  597°  of  curvature,  as 
proposed  by  the  majority.  The  proposed  Panama  lock  canal  has 
637°  of  curvature,  as  proposed  by  the  minority.  The  existing  Kiel 
sea-level  canal — that  is.  the  state  canal  of  Germany,  which  connects 
the  North  Sea  and  the  Baltic,  and  which  has  been  built  primarily  for 
the  purpose  of  enabling  the  German  fleet  of  war  vessels  to  pass  and 
repass  without  going  through  the  Danish  channels — has  830°  of 
curvature  in  a  distance  of  about  60  miles.  I  have  the  exact  distance 
here  somewhere.  The  existing  Suez  Canal  has  530°  of  curvature — 
the  present  one. 

Senator  Taliaferro.  In  what  distance? 

General  Davis.  In  104  statute  miles. 

The  minority  claim  that  all  sailing  courses  in  their  lock  plan  are 
straight  lines,  and  that  moving  vessels  will  simply  change  direction 
at  points  where  these  straight  lines  meet.  But  curves  are  shown  on 
the  lock  plan  at  each  change  of  direction.  A  vessel  changing  direc- 
tion in  these  curves  will  not  come  to  a  full  stop  in  the  angle  and  take 
up  the  new  direction  as  from  a  fixed  point.  If  she  did  that,  she 
would  have  to  be  pulled  and  pushed  about  with  tugs ;  she  would  have 
to  turn  as  on  a  pivot.  They  do  not  propose  anytiiing  of  that  kind ; 
but  she  will  sail  around  the  curve,  and  it  her  course  is  as  plotted  on 
the  lock-plan  map,  she  must  sail  tljese  curves  and  make  the  angular 
changes,  24  in  number.  I  think  General  Ernst  yesterday  counted 
them  up  and  only  noticed  18.  There  are  24  on  their  schedule  of 
curves,  which  I  have  before  me,  compiled  by  the  minority. 

Senator  Morgan.  On  the  lock  canal? 

General  Davis.  On  the  lock  canal;  24  of  these  changes  of  direc- 
tion, as  against  19  in  the  sea-level  plan,  or  21  per  cent  more  winding 
and  tortuous  navigation  for  the  lock  than  for  the  sea-level  sailing 
courses. 
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This  defect  of  the  lock  plan  is  claimed  to  be  cured  and  more  than 
cured  by  making  the  channels  broader.  But  there  is  a  diflference 
of  opinion  as  to  this.  I  quote  from  Admiral  Goodrich,  of  our  Navy, 
Admiral  Ryder,  of  the  British  navy,  and  Sir  John  iStokes,  of  tlie 
royal  engineers,  who  was  the  senior  for  about  twenty  years  of  the 
British  members  of  the  board  of  directors  of  the  Suez  Canal,  in 
which,  as  you  know,  England  owns  nearly  one-half  the  stock,  and  is 
therefore  represented  in  the  board  by  her  own  appointees. 

The  present  Admiral  Goodrich  (now  stationea,  I  think,  in  Cali- 
fornia, commanding  the  North  Pacific  Station)  passed  through  the 
Suez  Canal  a  good  many  years  ago;  and  in  his  report  to  the  Secre- 
tary of  the  Navy  this  is  what  he  says  about  the  navigation.  I  will 
ask  you  to  remember  that  at  that  time  the  Suez  Canal  had  a  bottom 
width  of  72  feet  and  a  depth  of  26  feet     [Reading:] 

"  Two  causes  of  bad  steering  are  to  be  apprehended,  one  the  effect 
of  the  ebb  current  in  the  southern  section,  which  begins  to  be  felt  12 
miles  from  Suez  and  reaches  3  miles  an  hour  at  the  terminus.  An- 
other imminent  source  of  grounding  is  due  to  unequal  width  of  the 
deep-water  section,  which  is  particularly  noticeable  at  the  sidings. 
So  long  as  the  channel  is  of  uniform  widtn  a  vessel  steers  steadilv  and 
without  the  use  of  the  rudder.  If  the  course  be  straight,  vessel  will 
follow  the  mid-channel,  for  the  reason  that  the  reflex  pressure  from 
the  banks  is  equal  on  both  sides." 

Senator  Taliaferro.  General  Davis,  what  does  he  mean  by  the 
i\'essel  steering  "  without  the  use  of  the  rudder  ?  " 

General  Davm.  Just  what  he  says — that  when  that  vessel  is  started 
off  on  a  straight  course  in  the  canal  you  can  let  the  rudder  alone  and 
the  vessel  wiU  take  care  of  herself.    That  is  a  fact. 

Senator  Taliaferro.  Is  it? 

General  Davis.  Yes,  sir. 

Senator  Taliaferro.  It  is  news  to  me. 

General  Davis.  I  do  not  mean  to  say  that  they  do  not  keep  tlieir 
hands  on  the  rudder ;  but  he  says  here  that  they  will  steer  without  tiie 
use  of  the  rudder. 

Senator  Drydbn.  Does  that  refer  to  a  vessel  propelled  by  steam? 

General  Davis.  Oh,  yes ;  oh,  yes. 

Senator  Morgan.  Does  that  mean  that  the  vessel  is  really  steered 
by  the  propeller  ? 

General  Davis.  No,  sir ;  it  means  that  the  pressure  of  water  on  both 
sides  is  exactly  equal,  and  there  is  no  prompting  on  the  part  of  the 
vessel  to  ^o  to  one  side  or  the  other,  for  the  place  of  least  resistance  is 
rirfit  in  the  center  of  the  canal. 

Senator  Morgan.  They  go  for  the  point  of  least  resistance  ? 

General  Davis.  They  go  for  the  point  of  least  resistance,  ^uid  if 
they  should  go  toward  the  bank  they  would  meet  with  resistance.  If 
they  should  go  toward  either  bank  they  would  meet  with  resistance, 
so  the  place  where  the  vessel  can  go  ahead  easiest  is  reached  in  the 
center  of  the  canal,  and  that  is  what  Admiral  Goodrich  says.  [E«ad- 
^ng:] 

"  So  long  as  the  channel  is  of  uniform  width  a  vessel  steers  steadily 
and  without  the  use  of  the  rudder;  if  the  course  be  straight,  vessel 
will  follow  the  midchannel,  for  the  reason  that  the  reflex  pressure 
from  the  banks  is  equal  on  both  sides;  but  where  the  widtn  is  in- 
creased by  an  enlargement  wholly  on  one  side  the  pressure  varies, 
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being,  if  the  width  is  doubled,  four  times  as  great  on  the  side  of  least 
extent  of  deep  water  as  on  the  other." 

That  is,  these  pressures  are  as  the  squares  of  the  distance. 

"  In  consequence  the  ship  yields  to  the  greater  pressure  and  heads 
directly  for  the  transverse  bank  which  mates  the  end  of  the  siding." 

He  is  talking  now  about  these  sidings  in  the  Suez  Canal,  which  were 
made  in  order  to  facilitate  ships  passing  each  other.  They  are  mere 
notches,  cut  right  out  of  one  side  or  other  of  the  bank,  and  of  course 
the  end  ©f  the  notch  represents  a  transverse  wall  of  earth.  He  savs 
that  a  ship  coming  abreast  of  one  of  these  enlargements  shunts  right 
oflf  for  the  enlargement — that  is,  she  tries  to  get  to  the  center  of  the 
channel  all  the  time. 

Senator  Morgan.  Ships  that  are  put  into  these  notches  are  stopped? 

General  Davis.  They  are  stopped  absolutely,  and  tied  up  there 
until  the  other  one  goes  by. 

Senator  Morgan.  Until  the  other  one  goes  by ;  yes. 

General  Davis.  On  the  subject  of  increasing  the  width  of  canal, 
which  from  about  1870  to  1880  was  under  discussion.  Admiral  Ryder, 
of  the  British  navy,  reported : 

"At  first  sight  it  might  appear  advisable  that  the  canal  should  be 
widened,  but  I  am  convinced  it  would  be  a  misfortune,  as  wild  ves- 
sels that  now  cannon  harmlessly  from  bank  to  bank  of  the  ditch, 
which  is  only  72  feet  across,  would  then,  instead  of  cannoning,  dig 
their  stems  in  and  stick  perhaps  for  hours." 

Senator  Taliaferro.  General,  before  you  proceed,  do  you  know  the 
width  of  the  Suez  Canal  at  these  points  for  passing— for  ships  to 
pass  each  other? 

General  Davis.  At  that  time  they  were  much  less  than  the  figure  I 
give  you  now,  but  now  they  are  147.6  feet.    That  is  their  width  now. 

Senator  Taliaferro.  At  the  passing  places? 

General  Davis.  At  the  passing  places ;  yes,  sir. 

Senator  Kittredge.  At  the  bottom  or  the  surface  ? 

General  Davis.  At  the  bottom. 

Sir  John  Stokes,  of  the  Royal  Engineers,  in  his  report  to  the  Gov- 
ernment— ^this  is  an  official  paper — says: 

"  It  has  been  urged  as  a  reproach  against  the  company  that  it  did 
not  excavate  a  channel  of  the  full  width  originally  intended,  namely, 
200  feet  at  the  surface  and  144  feet  at  the  bottom.''' 

That  was  the  plan  that  Mr.  De  Lesseps  set  out  to  accomplish.  He 
got  just  half  of  that — ^that  is,  he  got  72  feet  instead  of  144.  [Read- 
mgO 

"  But  I  think  it  is  a  fortunate  circumstance  that  the  intention  was 
not  carried  out.  I  believe  that  the  navigation  is,  in  consequence, 
effected  in  much  greater  security,  that  the  risk  of  collision  is  greatly 
reduced,  and  that  in  the  long  run  the  passage  through  the  canal  is 
performed  in  a  much  shorter  average  time  than  if  vessels  were  al- 
lowed to  navigate  without  supervision.  If  the  canal  were  wider, 
and  vessels  allowed  to  navigate  without  restriction,  obeying  only  the 
rule  of  the  sea,  the  usual  rivalry  and  endeavor  to  get  througn  as  quick 
as  possible  would,  even  if  restrained  by  regulations,  be  accompanied 
by  the  usual  collisions  sometimes  occurring  from  accidents  beyond 
control. 

"  There  is  practically  no  limit  to  the  number  of  vessels  that  can 
be  passed ;  the  present  '  sidings '  can  be  increased  in  number,  but  as 
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the  large  Bitter  Lake  affords  the  means  of  shunting  any  number  of 


(At  this  point  General  Davis  indicated  on  the  map  the  location 
of  the  Bitter  Lake  on  the  Suez  Canal.) 

Senator  Kittbedqe.  How  far  is  that,  General,  from  either  end? 

General  Davis.  That  is  about  25  miles  from  the  Red  Sea,  and  this 
end  of  it  is  about  60  miles  from  Port  Said. 

Senator  Kittredge.  It  is  about  15  miles  long? 

General  Davis.  There  are  9.38  miles  there  of  uninterrupted  lake 
navigation. 

Senator  Kittredge.  And  the  longer  section  is  about  15  miles  longer 
than  the  Panama  Canal? 

General  Davis.  Oh,  the  whole  length  of  the  canal  from  ocean  to 
ocean 

Senator  Kittredge.  No;  I  do  not  mean  that.  I  mean  from  that 
lake  in  the  central  part,  of  which  you  are  speakiifg. 

General  Davis.  Lake  Timsah  is  a  turning  point.  There  is  a  place 
where  ships  can  turn  around.  It  so  happens  that  from  Lake  Timsah 
to  Port  Said  is  exactly  49  miles:  and  in  that  distance  from  Lake 
Timsah  to  Port  Said  there  is  no  place  where  a  ship  can  turn  around, 
nor  anywhere  near  turn  around,  unless  it  is  a  mere  tugboat  or  some- 
thing of  the  kind.  It  happens  to  be  just  49  miles  from  Lake  Timsah 
to  this  end.  There  is  a  point  where  they  may  turn  [indicating]  and 
so  they  may  here  [indicating  t&e  Bitter  Lake], 

Senator  Morgan.  Does  that  Bitter  Lake  receive  any  contributions 
of  water  from  the  Nile  or  from  any  other  great  stream  ? 

General  Davis.  None  whatever,  except  from  the  Red  Sea  and  from 
the  Mediterranean. 

Senator  Morgan.  I  know ;  but  I  mean  did  it  naturally,  before  the 
canal  was  constructed  ? 

General  Davis.  Oh,  no;  it  was  a  dead  sea;  it  was  dry.  It  was  a 
dry  basin.     So  was  Lake  Timsah. 

Senator  Morgan.  It  has  been  filled  up  by  the  water  being  let  in 
from  the  Red  Sea  and  the  Mediterranean? 

General  Davis.  Yes,  sir. 

Senator  Morgan.  So  it  is  now  salt  water? 

General  Davis.  It  is  now  salt  water,  and  so  is  Lake  Timsah. 

Senator  Morgan.  They  were  both  dry  basins  before  that  canal  was 
cut  through  there? 

General  Davis.  Oh,  ves.  One  of  the  arguments  that  was  brought 
against  the  Suez  Canal  by  those  who  were  opposed  to  its  being  con- 
structed was  this :  "  Just  as  soon  as  you  let  the  sea  water  into  the 
Bitter  Lakes  and  Lake  Timsah  the  evaporation  will  turn  the  whole 
affair  into  salt,  and  you  will  have  nothing  there  but  a  body  of  salt." 
That  was  one  of  the  charges  against  it. 

Senator  Morgan.  Thatlias  not  occurred ? 

General  Davis.  No,  sir. 

Senator  Taliaferro.  How  far  is  it,  General,  from  the  Red  Sea  end 
of  that  Bitter  Lake  to  the  Red  Sea  ? 

General  Davis.  From  here  out  [indicating]  ? 

Senator  Taliaferro.  Yes. 

General  Davis.  That  is  mile  64,  and  this  is  mile  90  or  91.  It  is 
about  30  miles.    I  shall  come  to  that  again. 

Senator  Morgan.  Practically  24  miles. 
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General  Davis  (reading) : 

'"  There  is  practically  no  limit  to  the  number  of  vessels  that  can  be 

{)assed ;  the  present  '  sidings '  can  be  increased  in  number,  but  as  the 
arge  Bitter  Lake  affords  the  means  of  shunting  any  number  of  ves- 
sels it  is  unnecessary  to  widen  the  canal.  ■  The  fact  that  Her  Majes- 
ty's troopships,  vessels  of  4,400  tons,  400  feet  long,  of  52  feet  beam, 
and  drawing  22  feet  of  water,  pass  through  the  canal  in  an  average 
on  49  voyages  of  seventeen  hours  under  weigh '' 

A  distance  of  104  miles,  remember. 

"  Their  average  time  in  the  canal  being  about  forty  hours  " — 

That  is,  with  the  nights  added,  because  at  that  time  they  did  not 
have  any  electric  lights  to  use  in  illuminating  the  place  at  night.  In 
other  words,  the  canal  was  not  lighted.     (Reading:) 

"Affords  a  convincing  proof  of  the  sufficiency  of  the  canal  for  all 
reasonable  purposes  and  as  a  mercantile  highway." 

This  report  was  written  about  1884,  when  the  bottom  width  of  the 
canal  was  72  feet  and  its  depth  26  feet,  and  when  the  average  capac- 
ity of  vessels  using  it  was  but  1,500  tons.  We  have  the  tonnage;  we 
know  how  many  vessels  passed ;  we  know  what  they  paid  tolls  on,  and 
we  find  it  averaged  1,500  tons.  But  the  enormous  increase  in  steam 
tonnage  throughout  the  world  and  the  increased  size  given  to  ships 
forced  the  Suez  management  to  enlarge  the  capacity  of  the  canal 
prism. 

The  Suez  Canal  has  been  in  process  of  widening,  deepening,  and 
flattening  of  curves  ever  since  it  was  opened,  in  1869.  Not  a  day 
has  passed  since  then  when  they  have  not  been  taking  out  something, 
making  it  wider  or  deeper.  They  are  doing  it  all  the  time;  and  I 
have  some  very  interesting  figures  here  about  what  it  cost.  And  if 
there  exists  such  paramount  importance  or  advantage  in  having 
straight  sailing  courses,  such  as  the  lock  people  claim,  why  have  not 
the  curves  at  Suez,  or  even  one  of  them,  been  changed  according  to 
the  modern  idea,  as  might  easily  have  been  effected?  These  French 
engineers  are  not  asleep.  They  are  as  live  men  as  you  can  find  any- 
where; and  if  this  system  of  polygon  navigation  had  been  adapted 
to  canal  purposes  those  Frenchmen  would  have  foimd  it  out  long 
since.  Instead,  they  have  left  every  curve  which  was  there  orig- 
inally. They  have  not  taken  out  one.  They  have  made  them  flatter; 
they  have  made  the  sweep  longer. 

This  polygon  navigation  is  absolutely  indispensable  in  the  Great 
Lakes,  in  the  submerged  channels.  There  they  have  to  have  it,  and 
they  do  have  it,  and  it  works  beautifully ;  and  they  have  followed  it 
in  the  Hay  Lake  channel  and  the  Neebish  channel  and  in  other  parts 
of  the  Great  Lakes.  But  this  canal  as  proposed  by  the  minority  is  a 
system  of  lake  navigation. 

Another  point  which  the  Secretary  makes  is  that  the  proposed 
Gatun  locks  are  capable  of  receiving  vessels  25  per  cent — ^the  minority 
say  40  per  cent — larger  than  the  new  Cunarder,  whose  dimensions 
are  800  by  88  feet  by  38  feet  draft. 

I  want  to  say  a  word  about  this  matter  of  the  draft  of  ships. 

If  you  take  Lloyd's  Register,  which  is  the  standard  of  all  of  the 

registers  of  shipping  in  the  world — ^next  to  it  comes  the  Bureau 

Veritas  of  the  French — they  never,  in  those  books  on  classifying 

ships,  give  you  the  draft.    They  give  you  exact  detail  about  the  ship, 
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its  length  on  the  water  line,  its  length  over  all,  and  its  greatest  beam; 
they  will  tell  you  how  many  horsepower  its  engines  develoj),  who  built 
them,  where  the  ship  was  built,  and  everything  else  about  it,  but  thej 
never  put  anything  about  draft  in  those  tables,  because  the  draft  is 
variable.  That  is  perfectly  well  recognized.  As  you  gentlemen  all 
know,  every  foreign  ship  and  a  great  many  American  ships  have 
marked  on  them  the  maximum  load  line,  sometimes  called  the  "  Plim- 
soU  mark,"  but  usually  caUed  the  "  Lloyds  mark,"  which  means  that 
you  must  not  load  that  ship  deeper  than  that  mark. 

That  is  all  that  anybody  can  say  about  the  draft  of  a  ship.  If  you 
put  more  of  the  cargo  forward  and  less  astern  she  draws  more  for- 
ward. If  you  load  more  astern  and  less  forward  she  draws  more  aft 
So  all  we  give  in  our  Navy  Registers  about  the  draft  of  our  ships  is 
their  mean  draft,  the  ordinary,  usual  draft  of  battle  ships  and 
cruisers.  That  is  ver^'  easy  to  state  for  those  vessels,  because  when 
they  are  put  in  commission  thev  are  expect^  to  carry  a  certain  defi- 
nite amount  of  weight.  But  these  commercial  ships  are  continually 
changing. 

The  reference  to  this  Cunarder  as  having  38  feet  draft — as  given  in 
the  report  of  the  Board — ^means  that  you  must  not  load  that  ship 
so  as  to  draw  more  than  38  feet ;  but  probably  not  once  in  the  whole 
lifetime  of  that  ship  will  she  ever  be  loaded  so  as  to  draw  38  feet. 

One  of  the  vessels  that  passed  through  the  Suez  Canal  last  year, 
the  British  battle  ship  Terrible^  is  put  down  in  the  Naval  Remster  as 
drawing  30  feet,  ana  yet  she  went  through  the  Suez  Canal  drawing 
26  feet  That  shows  how  little  dependence  you  can  put  upon  the 
matter  of  draft,  so  far  as  the  published  reports  are  concerned. 

These  locks,  and  all  others  proposed  by  the  minority,  are  to  have  a 
depth  on  miter  sills  of  40  feet.  At  the  end  of  the  dry  season  the  lake 
level  is  expected  to  be  drawn  down  to  Level  82,  which  will  decrease 
the  depth  of  water  on  the  miter  sills  of  the  two  upper  locks  to  37 
feet,  and  this  low-water  period  may  continue  for  two  months  or  more, 
or  until  the  rains  and  noods  restore  the  level  of  Lake  Gatun  to  85 
feet.  If  the  supposed  Cunarder  applied  for  transit  with  conditions 
as  above,  she  would  have  to  wait  weeks  or  even  months  to  be  permitted 
to  enter  at  all. 

Again,  it  is  well  known  that  the  draft  of  vessels  is  neater  in  fresh 
water  than  in  salt.  This  is  frequently  stated  for  moderate-sized  ves- 
sels at  3^  per  cent  of  the  draft.  With  such  aUowance  for  increased 
draft  of  the  Cunarder  in  the  fresh  water  of  Lake  Gatim  she  would 
then  draw  39J  feet,  and  in  entering  the  lock  she  would  have  only  9 
inches  of  water  between  her  keel  and  the  miter  sill.  Would  the 
owners  of  a  35,000-ton  ship  be  willing  to  take  the  chances  of  escaping 
injury  with  a  margin  of  but  9  inches  to  go  on  ? 

It  seems  to  me  that  the  question  answers  itself. 

The  minority  may  say,  "  But  the  majority  plan  calls  for  a  canal 
only  40  feet  deep,  and  that  only  leaves  2  feet  of  margin  to  go  on," 
and  they  will  also  say,  probably,  that  since  it  isproposed  to  spill 
into  the  sea-level  canal  the  regulated  flow  of  the  Chagres  River  and 
some  other  minor  streams,  the  waters  of  the  sea-level  canal  will  be 
fresh  water  and  this  same  remark  will  apply  to  that  type  of  canal. 
That  is  true  if  the  premises  are  sound.  But  there  is  another  condi- 
tion that  will  result.  If  that  water  is  let  into  the  prism  of  the  canal 
about  its  center,  if  the  canal  is  at  uniform  sea  level  throughout  its 


2 

I 


INVESTIGATION   OF   PANAMA  CANAL   MATTERS.  795 

whole  extent  and  the  water  is  fresh,  the  ship  will  have  her  keel  within 
9  inches  of  the  bottom  of  the  canal.  But  that  is  based  on  the  suppo- 
sition that  the  water  is  all  fresh.  If,  however,  no  water  is  comme 
into  the  canal,  it  will  all  be  salt.  Therefore  she  will  have  2  feet  of 
water  under  her  keel.  But  if  the  coining  in  of  the  fresh  water 
makes  the  water  of  the  canal  brackish  (as  it  certainly  will) ,  and  there 
is  coming  in  15,000  second-feet,  which  is  what  the  majority  estimate 
may  be  admitted  without  danger,  what  will  happen  m  a  hydraulic 
way  ?  That  water,  piling  into  the  canal  at  the  rate  of  15,000  second- 
feet — and  that  is  a  lot  of  water — ^will  at  once  raise  the  level  of  the 
inmiediately  contiguous  portions  of  the  canal  until  the  water  can 
escape,  and  it  will  continue  to  do  so,  and  do  so,  and  do  so,  and  do  so 
more  and  more,  until,  instead  of  the  depth  of  your  canal  at  that 
point  where  the  Chagres  water  comes  in  being  limited  exactly  to  40 
feet,  it  will  be  41  feet,  perhaps,  I  do  not  know  what  the  calculation 
would  show,  but  it  will  be  quite  41  feet,  and  it  may  be  42,  and  the  slope 
to  the  sea  on  either  side  will  take  up  the  difference,  and  as  the  sea  is 
approached  the  waters  of  the  canal  will  become  less  and  less  fresh 
and  more  and  more  salt. 

Senator  Taliaferro.  Do  vou  imderstand.  General,  that  this  water 
from  the  Chagres  will  be  let  into  the  canal  in  sufficient  quantities 
to  raise  the  depth  of  the  canal  at  that  point? 

General  Davis.  I  am  sure  that  letting  in  the  water  at  15,000 
feet  a  second  will  sensibly  raise  the  level  of  the  water  at  the  point 
where  it  comes  in,  and  in  a  decreasing  extent  on  either  side.  I  do 
not  believe  anybody  will  dispute  that  proposition. 

Senator  Taliaferro.  Do  the  majority  estimate  that? 

General  Davis.  No  ;  their  plan  is  not  based  upon  that  idea  at  all. 

Senator  Morgan.  Could  you  not  get  rid  of  that  difficulty  by  deep- 
ening the  prism  of  the  canal  for  a  few  miles? 

Greneral  Davis.  It  could  be  done,  sir^  but  I  do  not  think  it  is  a 
difficulty.  I  do  not  think  it  really  is  a  difficultjr.  I  do  not  think  that 
this  ship  of  38  feet  draft  is  going  to  appear  in  the  Panama  Canal 
in  a  generation,  or  in  two  generations,  drawing  38  feet  The  greatest 
draft  of  any  ships  entering  New  York  to-day — ^these  sixteen,  sev- 
enteen, eighteen  thousand  ton  vessels,  twenty  or  twenty-two  thousand 
ton  vessels — is  only  about  30,  31,  or  32  feet. 

Senator  Taliaferro.  Still,  you  hold  that  if  such  a  ship  should  offer 
to  go  throu^  that  canal  she  could  be  safely  gotten  through? 

General  Davis.  We  do;  and  there  she  is  represented  [indicating 
drawing].  There  is  150  feet  bottom  width,  and  there  is  the  Mauritor 
nia^  one  of  the  new  Cunarders,  with  a  draft  of  38  feet  She  has  2 
feet  of  water  under  her  keel.  She  is  in  the  canal  with  a  prism  150 
feet  wide.    There  she  is  represented. 

Senator  Taliaferro.  And  what  is  the  beam  of  that  ship  ? 

General  Davis.  The  beam  of  that  ship  is  88  feet,  ana  this  bottom 
widtii  is  150  feet  Now,  General  Ernst  had  a  sketch  here  showing 
two  of  these  vessels  lying  side  by  side. 

Senator  E[ittredge.  It  is  over  here.  General. 

General  Davis.  No;  I  took  it  down.  That  is  mine;  that  is  another. 
But  there  is  no  one  that  claims  that  two  ships  of  88  feet  beam  can 
pass  in  a  150-foot  channel.  Nobody  claims  that.  Nobody  pretends 
to  assert  that.  This  ship,  if  she  did  present  herself,  would  have  the 
road  cleared  for  her.    It  would  only  be  a  matter  of  ten  hours  for  her 
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to  get  clear  through.  Other  ships  could  follow  her  and  others  pre- 
cede her,  but  she  could  not  pass  at  speed  in  any  of  the  narrow  parts 
of  the  canal  unless  passing  places  were  arranged  for,  which  would 
unquestionably  be  done.  She  would  go  through  in  ten  hours  as  it  is, 
and  that  is  only  at  the  rate  of  about  5  miles  an  hour. 

Instead  of  a  capacity  in  the  locks  for  vessels  larger  than  the  new 
Cunarder,  it  is  decidedly  doubtful  if,  as  planned,  mey  are  adequate 
for  such  a  ship  at  all. 

Another  remark  of  the  Secretary  is  to  the  effect  that  the  sea-level 
canal,  as  planned,  does  not  fulfill  the  conditions  of  the  statute  so  as 
to  afford  "  convenient  passages,"  etc. 

If,  in  the  21  miles  of  canal  where  the  bottom  width  is  150  feet,  meet- 
ing with  the  88-feet-wide  vessel  by  other  ships  were  not  permitted  for 
two  or  three  hours,  the  ship  of  38  feet  draft  would  find  convenient 
passage;  and  this  remark  applies  only  to  vessels  of  similar  size.  By 
the  time  the  number  of  such  vessels  desiring  transit  reached  consid- 
erable magnitude  the  canal  would  have  been  widened  as  would  be 
found  necessary ;  and  the  cost  would  be  moderate,  reaching,  for  the 
whole  line,  as  estimated  by  the  Commission,  $870,000  per  foot  of  in- 
creased width.  The  Commission  estimates  that  it  will  cost  $87,- 
000,000  to  widen  the  sea-level  canal  to  300  feet  throughout.  As  esti- 
mated by  the  minority,  omitting  the  4.7  miles  at  Culebra,  the  cost  is 
about  $500,000  per  footr— that  is,  $50,000,000  is  the  estimate  of  the 
minority  for  widening  the  sea-level  canal  to  300  feet  in  all  places  ex- 
cept the  4.7  miles  at  Culebra,  certainly  not  a  prohibitive  cost  to  the 
United  States. 

Senator  Ankeny.  What  is  your  estimate  of  the  cost  of  carrying 
the  Culebra  Cut  to  the  width  necessary  in  addition  to  the  other  esti- 
mate? 

General  Davis.  I  have  not  figured  it,  but  I  presume  that  the  fig- 
ures of  the  Commission  are  about  right;  they  figured  up  $87,000,000 
for  the  whole  line. 

Senator  Taliaferro.  Including  the  Divide? 

General  Davis.  Including  the  Divide;  and  the  minority  of  the 
board  estimate  $60,000,000  for  widening  all  except  Culebra — 4.7  miles. 

Senator  Kittredoe.  Was  that  action  unanimous? 

General  Davis.  No,  no ;  that  is  an  estimate  of  the  minority.  That 
is  found  in  the  minority  report. 

Senator  Kittredge.  1  remember. 

General  Davis.  The  majority  did  not  discuss  that  phase  of  the 
question.  They  believe  that  a  canal  150  and  200  feet  wide  is  wide 
enough  for  all  purposes  of  navigation  for  the  next  twenty  years ;  and 
when  the  time  comes  that  we  need  more  capacity,  we  will  anticipate 
it  and  be  ready  for  it. 

Senator  Morgan.  That  means  150  feet  at  the  bottom  and  200  feet 
at  the  top  ? 

General  Davis.  No;  150  feet  at  the  bottom  in  the  lower  portions 
and  200  feet  at  the  bottom  in  the  rock  portions — ^that  is,  150  feet  in 
earth  and  200  in  rock. 

Senator  Taliaferro.  What  would  be  the  top  width  of  that  150- 
foot  part  of  the  canal — that  part  that  is  150  feet  wide  at  the  bottom? 

General  Davis.  It  would  be  nearly  300  feet  wide  from  this  point 
to  that  point  [indicating]. 

Senator  Morgan.  On  the  surface? 
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General  Davis.  On  the  surface;  and  150  on  the  bottom.  Now, 
these  two  sketches  represent  two  ships.  This  represents  the  Celtic^ 
a  White  Star  boat,  bhe  is  680  feet  long  and  has  a  beam  of  75  feet, 
and  her  gross  tonnage  is  20,904.  That  is  the  Celtic;  some  of  you 
may  have  crossed  in  her.  Now,  this  [indicating]  represents  the 
Kaiser  Wilhelm  der  Grosse^  of  the  North  German  Lloyd  Line.  Her 
length  is  626.7  feet,  her  width  is  66  feet,  and  her  tonnage  14,349. 

That  sketch  represents  this  ship  as  waiting  for  that  ship  to  pass 
[indicating].  This  ship  is  stopped  on  the  side,  and  the  lines  are  car- 
ried ashore  and  tied  up  to  mooring  piles,  waiting  for  this  one  to  go  by. 
Now,  the  majority  claim  that  that  is  perfectly  practicable,  and  that 
the  delay  which  will  result  from  this  crossing  is  inconsequential. 
I  will  read  you  a  telegram  from'  the  chief  engineer  of  the  Suez  Canal 
that  was  written  to  me  a  few  days  ago,  in  which  he  savs  that  in  the 
<;ase  of  these  big  battle  ships  that  are  going  through  Suez  now  the 
average  detention  of  those  ships  in  the  whole  canal  of  104  miles,  due 
to  the  mooring  idea — the  idea  of  tying  up  ships  to  pass — ^is  an  hour 
and  a  half.     I  have  here  his  original  telegram. 

Senator  Taliaferro.  Is  that  the  detention  as  to  the  ship  that  ties 
up? 

General  Davis.  It  is  the  average  of  all.  I  asked  him  specifically 
the  question,  "  Taking  your  big  ships,  what  delay  do  they  encounter, 
over  and  above  the  small  ones,  in  this  tying^up  business  ?  "  lie  said : 
*'  It  makes  no  difference.  It  amounts  to  an  hour  and  a  half  per  ship 
for  the  whole  fleet  that  passes  through  there,  and  that  is  13,000,000 
net  tons.-' 

Senator  Taliaferro.  The  delay  here  would  only  occur  where  th^ 
was  an  unusually  large  ship  to  be  met?  ^ 

General  Davis.  That  is  all.  I  admit,  in  this  case,  that  while  that 
ship  is  passing  the  150-foot  channel,  nothing  except  quite  small  ships 
could  be  tied  up  alongside.  That  is  quite  true,  that  is  quite  the  fact, 
while  that  ship  is  passing.  You  perhaps  can  not  quite  see  it,  but 
there  is  the  200-foot  channel  also  plotted  there,  superimposed  on  the 
other. 

Senator  Taliaferro.  Yes. 

Genei»l  Davis.  It  comes  over  to  here.  Now,  in  that  channel,  shunt- 
ing this  ship  over  so  far  on  this  side,  a  small  vessel  of  three  or  four 
thousand  tons  could  be  tied  up  there,  and  the  other  could  go  by.  There 
is  not  any  trouble  at  all  about  that.  But  two  ships  of  this  size  could 
not  pass  with  a  bottom  width  of  150  to  200  feet.  This  is  what  would 
happen,  however,  if  the  channel  was  made  300  feet  wide :  There  [in- 
dicating] is  a  300-foot  channel,  and  there  is  the  Celtk\  and  this  is  the 
Kaiser  Wilhelm  der  Grosse,  Now,  that  ship  is  tied  up;  this  one  is 
proceeding. 

Senator  Morgan.  That  appears  to  be  in  the  Culebra  cut. 

General  Davis.  Yes,  sir;  that  is  supposed  to  be  in  the  Culebra  cut. 
That  is  on  the  idea  that  you  have  got  a  width  of  300  feet,  and  the 
material  is  rock. 

The  Chairman.  What  is  this  one  here.  General?     [Indicating.] 

General  Davis.  That  is  the  same  idea  in  a  prism  where  it  is  part 
rock  and  part  earth.  One  of  the  witnesses  before  the  Board  spoke 
of  the  disadvantage  that  would  result  from  the  fact  that  the  corner 
of  the  rock  would  impinge  against  the  side  of  the  ship  and  be  a  source 
of  great  danger.    Tnis  shows  the  idea  that  woula  be  carried  out 
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there — ^simply  a  retaining  wall  built  up  out  of  the  water,  sitting  on 
this  rock^  which  is  not  a  serious  matter.  In  fact,  the  Isthmian  Canal 
Conmiission  of  1899-1901  proposed  to  put  a  retaining  wall  through 
the  whole  stretch  of  the  Culebra  cut. 

The  Chairman.  One  ship  would  be  tied  up  in  this  case,  would  it 
not? 

General  Davis.  One  ship  would  be  tied  up  in  that  case;  but  the 
canal  is  wide  enough  so  as  to  tie  them  up  anywhere.  They  can  be 
tied  up  at  any  place  where  there  are  groups  oi  piles  to  tie  to. 

Senator  Morgan.  Mr.  Chairman,  I  suggest  that  before  this  report 
is  completed,  when  the  the  revision  of  it  takes  place,  we  ask  General 
Davis  to  explain  these  diagrams,  and  put  the  diagrams  in  the  record. 
I  suggest  that  we  ask  him  to  explain  them  so  that  they  can  be  printed, 
and  the  Senate  can  get  some  ideas  which  can  not  be  communicated 
merely  with  words. 

The  Chairman.  Do  you  not  understand  that  he  is  now  making  an 
explanation  to  the  stenographer  which  will  go  right  into  the  record 
at  the  present  time? 

Senator  Morgan.  Yes ;  it  can  go  right  in  now. 

The  Chairman.  But  is  not  the  General's  explanation  sufficient  now, 
as  he  is  going  along?    Did  you  want  somethmg  additional? 

Senator  Morgan.  I  doubt  very  much  whether  it  is  sufficient,  because 
the  stenographer  is  obliged  to  put  in  the  words  "  indicating,"  "  indi- 
cating," which  mean  nothing. 

The  CHAiR3f  AN.  And  you  would  like  to  have  the  General,  in  addi- 
tion to  what  he  is  stating  now,  explain  the  diagrams? 

Senator  Morgan.  Yes;  I  would  like  to  have  the  diagrams  put  in, 
and  explanations  inserted  by  General  Davis  as  to  what  they  refer 
to  and  what  he  proposes  to  illustrate  by  them. 

Senator  Taliaferro.  And  to  give  particularly  the  top  width  of  the 
canal  at  every  point. 

Senator  Morgan.  Yes.  Then  the  Senate  can  have  a  view  of  it  in 
a  picture,  as  well  as  in  the  description. 

The  Chairman.  In  addition  to  the  explanation,  as  it  is  going  on 
now,  you  would  like  to  have  General  Davis  give  the  difference  in 
width  of  the  300- foot  channel,  as  well  as  the  150-foot  channel,  would 
you  not? 

Senator  Morgan.  Yes ;  every  particular  that  he  has  alluded  to. 

The  Chairman.  General,  can  you  do  that  for  us? 

General  Davis.  Oh,  yes. 

Senator  Dryden.  General,  I  was  called  out  before  you  explained 
that  matter,  and  I  would  like  to  ask  you  just  one  or  "two  questions 
there.  What  is  the  width  of  the  canal  at  the  point  illustrated  by 
that  diagram  ? 

General  Davis.  By  this  diagram  ? 

Senator  Dryden.  Yes. 

General  Davis.  One  hundred  and  fifty  feet  bottom  width  and  about 
300  feet  at  the  surface. 

Senator  Dryden.  And  what  is  the  beam  of  those  vessels  represented 
there  ? 

General  Davis.  That  ship  is  75  feet  beam,  and  this  one  is  66. 

Senator  Taliaferro.  Just  tell  the  Senator  what  ships  they  are. 

General  Davis.  This  is  the  Celtic^  and  that  is  the  Kaiser  WUhelin 
der  Groase. 
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Senator  Dryden.  We  had  presented  to  us  a  day  or  two  ago  a  simi- 
lar diagram  showing,  I  think,  the  proposed  new  Cunardersl 

General  Davis.  l?es,  sir. 

Senator  Dryden.  And  that  diagram  showed  those  ships  almost 
touching? 

Greneral  Davis.  Yes,  sir ;  yes,  sir. 

Senator  Dryden.  I  would  like  to  have  your  views  on  that  matter. 

General  Davis.  This  is  the  150-foot  bottom  width  of  canal,  and  in 
dotted  lines  is  also  shown  the  200- foot  width.  Both  are  represented ; 
one  is  overlaid  on  the  other.  And  that  is  the  Mauritania,  one  of  the 
new  Cunarders.  She  has  88  feet  beam,  and  she  is  supposed  to  have 
38  feet  draft,  which  practically  she  never  will  have ;  but  it  has  been 
shown  here  as  a  38-foot  draft.  Now,  I  stated  to  the  committee  during 
your  absence.  Senator,  that  I  did  not  pretend  that  two  ships  of  that 
size  could  pass  each  other  in  the  canal  at  the  same  time.  I  do  not 
pretend  that.  Nobody  of  the  majority  does  pretend  it;  but  they  do 
claim  that  when  such*  a  ship  is  to  pass  through  the  canal  the  canal 
company  or  the  Government  controlling  the  canal  can  very  well  afford 
to  arrange  ahead  by  telegraph  to  have  all  large  vessels  that  are  pro- 
ceeding m  the  .opposite  direction  lie  by  in  the  sidings  until  she  gets 
throu^.  It  is  only  a  matter  of  a  very  few  hours,  ana  since  the  whole 
transit  for  this  ship  will  only  take  ten  hours,  it  is  an  insignificant  mat- 
ter— quite  insignificant.  It*  is  a  matter  of  delaying  some  of  the  other 
vessels  just  a  few  hours. 

Senator  Dryden.  When  you  said  a  moment  ago  "  lie  by  only  a  few 
hours,"  you  meant  a  few  minutes,  did  you  not? 

General  Davis.  A  few  minutes  each ;  but  I  meant  a  very  few  hours 
in  the  aggregate. 

I  also  stated,  I  think  during  your  absence,  that  I  had  been  in- 
formed by  a  communication  from  the  chief  engineer  of  the  Suez 
Canal  that  the  average  time  of  detention  of  all  vessels,  lar^e  and 
small,  in  the  Suez  Canal,  due  to  the  fact  that  they  had  to  be  tied  up 
from  time  to  time  to  allow  others  to  pass,  was  an  hour  and  a  hali. 
That  whole  business  of  mooring  increased  the  length  of  the  journey 
through  the  canal  bv  one  hour  and  a  half ;  and  that  is  all  it  signifies. 

Some  stress  has  been  laid  by  the  minority  on  the  fact  that  the 
majority  plan  does  not  cover  tne  estimated  cost  of  providing  th^ 
mooring  places  and  equipping  them,  and  has  not  made  a  charge  in 
the  report  for  their  maintenance.  Mr.  Quellenec,  who  gave  me  this 
information  about  Suez,  says  that  the  entire  expense  of  the  twenty- 
three  sidings  in  Suez,  ten  of  which  were  equipped  with  telegraph 
and  electric  light,  etc.,  is  $60,000  a  year — the  entire  expense  of  all  of 
those  sidings.  At  Panama,  even  in  the.  view  of  the  minority,  they 
only  designate  seven  as  necessary.  The  expense  for  those  sidings 
might  reach  $15,000  a  vear. 

Senator  Ankeny.  Is  it  not  true.  General  Davis,  that  in  either 
canal  no  vessels  would  pass  going  in  opposite  directions  at  speed  ? 

General  Davis.  No  large  vessels  would  pass  at  speed. 

Senator  Ankeny.  They  would  never  pass  each  other  at  speed  in 
either  canal  ? 

General  Davis.  Until  you  have  a  width  of  considerably  more  than 
we  have  provided  for  in  the  sea-level  canal.  But  the  small  vessels 
can  pass  readily,  either  at  speed  or  by  slowing  down. 
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Senator  Ankeny.  But  thev  never  would  attempt  to  pass  one  an- 
other at  speed.  Thev  would  have  to  stop  in  any  event,  even  if  they 
had  a  canal  1,000  feet  wide? 

General  Davis.  One  would  tie  up  or  they  would  proceed  slowly. 

Senator  Ankeny.  That  would  be  the  way  it  would  be  done? 

General  Davis.  Oh,  of  course  it  would  be  so. 

In  the  minority  report,  on  page  86,  there  is  a  tabulation  which 
shows  the  effect  of  locks  and  sea-level  upon  time  of  transit.  It  is 
stated  that  a  type  C  vessel,  which  is  supposed  to  be  540  feet  long  and 
60  feet  beam,  will  go  throu^Ti  the  sea-level  canal  in  eight  and  nine- 
tenths  hours,  and  that  she  will  go  through  the  lock  canal  in  nine  and 
five-tenths  hours — ^that  is,  supposing  her  to  be  one  of  10  ships  for  the 
daily  transit.  Supposing  her  to  be  one  of  10,  and  no  more,  she  will 
go  through  a  sea -level  canal  in  eight  and  nine-tenths  hours,  accord- 
ing to  the  minority,  and  nine  and  five-tenths  hours  in  the  lock  canal, 
according  to  the  minority.  Now,  they  say  that  when  that  business 
increases  so  that  there  are  20  ships  a  day  of  type  C,  540  feet  long,  it 
will  take  ten  and  one-half  hours  for  eAch  one  of  them  to  go  through 
the  sea -level  canal,  and  it  will  take  here  nine  and  seVen-tenths  hours 
to  ffo  through  a  lock  canal.  In  other  words,  it  will  be  eight-tenths  of 
an  hour  against  her,  supposing  there  be  20  ships  a  day. 

I  have  made  a  little  calculation  to  show  what  that  really  means. 
On  the  theory  that  there  are  20  ships  in  a  day  three  hundred  and- 
sixty-five  days  in  the  year,  it  means  7,300  ships,  all  of  type  C — ^that  is, 
of  snips  540  feet  long.  Now,  a  ship  of  type  C  has  a  net  tonnage  of 
about  9,520  tons.  That  is  about  her  net  tonnage.  That  is  about  the 
tonnage  she  would  pay  tolls  on,  because  the  ratio  between  net  tonnage 
and  gross  tonnage  is  about  in  the  ratio  of  13  to  18.  Her  gross  ton- 
nage would  be  13,182  tons,  and  her  net  toimage  9,520.  Now,  if  there 
were  7,300  of  those  ships  to  so  through  the  canal  in  a  year,  what 
would  it  amount  to?  It  would  amount  to  69,460,000  tons  for  just 
that  one  kind  of  ship. 

It  is  perfectly  preposterous  that  there  should  be  any  such  number 
of  ships  of  that  type  to  go  through  the  canal.  It  may  be  that  now 
there  are  three  or  lour  or  half  a  dozen  a  year  going  through  Suez. 
There  are  a  few ;  there  would  be  a  few  in  Panama.  But  for  the  pur- 
pose of  showing  the  effect  of  locks  upon  this  question  of  delay,  and 
assuming  that  there  are  15  or  20  ships  per  day  of  that  size,  you  are 
demonstrating  something  that  has  no  applicability  to  our  problem  at 
all,  because  there  would  not  be  any  such  number  of  ships.  There 
could  not  be.     It  is  beyond  human  reason  that  there  should  be. 

The  Secretary  has  another  observation,  which  is  that  "  lock  navi- 
gation is  not  experimental."  But  I  say  that  any  lock  is  a  cause  of 
delay,  an  obstruction,  a  dancer.  No  locks  of  the  lift  proposed  have 
ever  been  constructed.  Locks  in  an  interoceanic  canal  should  not 
be  permitted  unless  the  topography  and  the  financial  resources  of 
the  canal  proprietor  forbid/  the  sea-level  plan;  and  these  objections 
do  not  obtain  at  Panama  with  the  United  States  as  proprietor. 

The  reasoning  which  the  majority  have  given  in  their  report  as  to 
why  they  are  opposed  to  locks  is  so  clearly  stated,  so  forcibly  stated, 
that  it  would  be  supererogation  on  my  part  to  repeat  it.  I  think  it 
is  sound  and  logical  and  forceful.  It  seems  to  me  that  it  is  hardly 
necessary  to  say  a  word  about  that.     That  locks  are  necessary  in 
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some  places  is,  of  course,  true;  and  when  they  must  be  used  in  cer- 
tain localities  they  are  tolerated.  We  are  delighted  with  the  Soo 
Canal,  with  its  present  arrangement  of  locks.  It  is  an  admirable 
arrangement.  Nature  did  not  permit  any  other  arrangement.  We 
have  to  use  them;  and  they  are  beautifully  managed,  economically 
managed;  but  we  would  not  have  them  if  we  did  not  have  to.  it 
we  were  not  obliged  to,  we  would  not  have  them. 

Senator  Taliaferho.  In  other  words,  locks  are  used  to  overcome 
difficulties  that  can  not  be  overcome  in  any  other  way  ? 

General  Davis.  Exactly  so;  and  they  are  sometimes  used  a  step 
beyond  that.    They  are  sometimes  used  to  establish  a  convenience. 

Take  the  great  harbor  basins  in  Europe — ^Liverpool,  Bristol,  Lon- 
don, Cherbourg,  Havre,  and  all  of  those  in  the  north  of  Europe, 
except  around  in  the  Baltic — they  have  a  tide  of  20,  25,  26,  27  feet 
In  a  great  many  of  the  great  harbor  basins  in  Europe  if  ships  were 
put  formerly  where  the  basins  now  are  the  tide  would  run  out  and 
leave  them  aground.  They  have  overcome  that  difficulty  by  fencing 
in  these  great  harbor  basins  and  putting  locks  in  front. 

Senator  Taliaferro.  That  is  a  fault  or  difficulty  that  can  not  be 
overcome  in  any  other  way,  is  it  not  ? 

General  Davis.  That  is  a  difficulty  that  can  not  be  overcome  in 
any  other  way,  except  that  they  could  lighter  their  ships;  they 
could  handle  all  their  cargo  by  lightering,  the  same  as  they  do  in 
Hongkong  and  Singapore.  But,  I  say,  there  it  is  done  to  eflFect  a 
convenience. 

Another  proposition  is  that  "the  weight  of  dams  insures  com- 
pression of  the  mud  and  clay  upon  which  they  are  founded." 

I  say  that  the  depth  of  the  compressible  base  changes  abruptly  as 
the  two  deep  gorges  are  crossed  by  the  dam  at  Gatun,  this  depth  vary- 
ing from  zero  to  over  200  feet  in  four  places,  and  within  a  very 
short  distance  on  the  dam's  axis.  It  results  that  immediately  along- 
side a  spot  where  the  compressible  material  is  over  200  feet  deep  the 
base  of  the  dam  will  rest  on  the  incompressible  indurated  clay,  but 
the  dam  at  its  highest  point  will  be  135  feet  above  both  classes  of 
foundation.  Mr.  Stearns  thought  the  total  settlement  might  reach 
2  feet,  one-fourth  of  this  after  the  dam  was  completed.  If  this 
settlement  should  occur  over  the  margins  of  these  precipitous  sub- 
terranean geologic  gorges  there  would  be  a  tendency  or  a  liability 
of  the  earth  mass  that  settled  to  break  away  from  the  part  that 
could  not  move.  >  The  tendency  would  be  for  a  fault  to  occur — that 
word  "  fault "  is  used  in  the  geologic  sense — which  would  be  a  ver- 
tical fissure  or  plane  of  movement  or  weakness  extending  through 
the  dam  transversely  from  its  base  to  its  crest. 

If  a  compression  should  occur  such  as  is  counted  on  as  a  beneficent 
feature  the  opposite  would  result  and  a  danger  would  exist. 

Senator  Morgan.  General,  may  I  ask  you  a  question  that  is  inter- 
esting here ?  You  mentioned  these  "  geological  gorges.''  Is  there 
any  authority  that  you  know  of  amongst  scientific  men,  amongst 
geologists',  for  denominating  those  as  geological  gulches  or  geological 
gorges  ? 

General  Davis.  It  is  a  name  that  has  been  applied  to  them  by  all 
the  writers  that  have  talked  about  the  canal  problem  at  Panama  ever 
since  it  began  to  be  discussed  by  scientists.    There  have  been,  I  think. 
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four  groups  of  scientific  observers  at  Panama.  One  is  a  genUeman 
whose  name  I  can  not  recall,  connected  with  the  University  of  Cali- 
fornia, who  made  a  visit  to  the  Isthmus  many  years  ago  and 
wrote  a  report  on  the  geology  of  the  Isthmus.  Another  was  Mr. 
Hill,  connected  with  Harvard  University,  who  visited  the  Isthmus 
ten  years  ago,  I  think,  and  wrote  a  book  on  the  subject  of  the  geology 
of  the  Isthmus. 

Senator  Morgan.  That  report  is  among  the  papers  of  this  com- 
mittee. 

Greneral  Davis.  No,  sir;  not  the  report  of  this  Board;  no.  The 
next  observers  who  wrote  a  report  were  two  Frenchmen — ^Zurcher 
and  Bertrand.  They  went  there  at  the  time  the  new  French  canal 
company  was  endeavoring  to  put  its  scheme  on  its  feet  and  get  money 
to  buila  the  canal.  They  are  distin^ished  scientific  men,  dis- 
tinguished in  their  own  country,  and  their  opinion  is  regarded  as  de- 
serving of  attention.  Their  report  is  printed  in  this  book,  translated 
and  printed.  They  had  before  them,  when  they  wrote  that  report, 
all  that  Mr.  Hill  nad  written,  and  all  that  the  California  geologist 
had  written;  and  they  discussed  the  geology  of  the  Isthmus  from 
those  standpoints.  These,  and  other  writers,  speak  of  that  geological 
fforge  at  Panama ;  they  all  refer  to  it  by  mentioning  it  as  the  probable 
bed  of  a  prehistoric  river  which  flowed  into  the  sea  when  the  land  was 
at  least  300  feet  higher  than  it  is  now  with  respect  to  the  ocean.  They 
all  refer  to  it  in  that  way,  and  we  have  taken  up  that  term  from 
those  reports. 

Senator  Morgan.  That  is  to  say,  they  are  gulches  that  have  been 
washed  out  by  water? 

General  Davis.  Washed  out  by  water  when  the  land  was  higher 
with  respect  to  the  sea  than  it  is  now. 

Senator  Morgan.  And  not  formed  as  a  part  of  the  original  crust  of 
the  earth  there? 

General  Davis.  Oh,  no.  The  land  may  have  been  a  great  deal 
higher  than  it  is  now ;  we  do  not  know  how  high.  It  is  a  well-known 
fact  that  the  Hudson  River  bed  extends  about  400  miles  out  into. the 
Atlantic  Ocean.  You  can  trace  it  three  or  four  hundred  miles,  clear 
out  to  the  Gulf  stream ;  so  that  the  land  was  once  a  great  deal  higher 
than  it  is  now. 

Senator  Morgan.  Yes. 

General  Davis.  And  so  the  Chagres  River  perhaps  drained  an 
isthmus  that  may  have  been  many  times  as  wide  as  the  present 
Isthmus  is. 

Senator  Morgan.  The  point  I  was  trving  to  trace  was  as  to 
whether  or  not  those  gulches  are  attributable,  according  to  the  com- 
mon consent  of  all  who  have  examined  them,  to  the  attrition  of 
water? 

Greneral  Davis.  Oh,  there  is  no  question  about  that.  I  do  not  think 
there  are  any  two  opinions  on  the  subject. 

Senator  Morgan.  That  is  the  point  I  wanted  to  get  at. 

General  Davis.  Another  remark  of  the  Secretary  speaks  of  navi- 
gation imder  the  sea-level  plan  as  being  conducted  "  tni:ouph  a  com- 
paratively narrow  gorge."  He  speaks  of  difficult  navigation  on  ac- 
count of  the  narrowness  of  the  gorge  at  the  Culebra. 
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So  far  as  concerns  navigation,  a  channel  with  banks  1  foot  high 
is  no  more  and  no  less  convenient  than  one  with  banks  1,000  feet 
hirfi.    It  seems  to  me  that  that  is  palpably  the  fact. 

The  Secretary  says,  as  a  disadvantage  to  the  sea-level  canal,  that 
the  vessels  can  not  turn  about.  That  is,  it  is  assumed  that  a  vessel  gets 
started  and  for  some  reason  wants  to  go  back,  or  an  obstacle  is  found 
to  interpose,  some  accident  has  happened,  and  passage  through  the 
canal  is  interrupted,  and  it  must  go  back. 

I  say  that  only  in  case  of  closing  the  canal  through  some  accident 
could  it  be  necessary  for  a  ship  to  turn  about.  Should  it  be  desired 
to  withdraw  a  ship  from  the  sea-level  canal,  she  could  be  backed  out 
or  withdrawn  by  tugs,  just  as  has  been  or  can  be  done  from  the  49 
miles  of  the  Suez  Canal  (which  is  118  feet  wide  at  the  bot- 
tom with  a  minimum  width  of  108  feet)  from  Port  Said  to  Lake 
Timsah,  in  which  distance  there  is  no  place  to  turn  about.  That  is 
to  say,  it  so  happens  at  the  Suez  Canal  that  there  is  exactly  49 
miles  (the  same  length  that  we  have  on  the  Isthmus)  where  no  ship 
can  turn  around  and  where,  when  an  accident  happens,  the  ship  has 
to  be  backed  out,  as  has  been  done  and  would  have  to  be  done  any- 
where. 

Senator  Morgan.  Ships  can  be  safely  navigated  stern  foremost, 
can  they  not? 

General  Davis.  Oh,  it  could  be  done,  but  very  slowly,  of  course; 
and  the  steering  would  be  difficult. 

Senator  Morgan.  But  I  said  "  safely." 

General  Davis.  Oh,  yes — safely;  yes,  sir.  It  could  not  be  done 
with  their  own  steam,  I  think.  They  would  have  to  be  handled  with 
tugs  and  carefully  guided. 

The  next  point  is  the  "  greater  safety  of  ships  in  a  lock  canal." 

If  this  claim  is  sound  Suez  would  be  safer  if  it  were  equipped 
with  locks.  It  would  be  very  difficult  to  convince  the  Suez  manage- 
ment of  the  soundness  of  this  proposition. 

It  is  said  that  the  estimate  of  the  majority  is  too  low  by  at  least 
$25,000,000. 

The  Commission  give  definite  figures  for  this  alleged  deficiency* 
The  items  are,  underestimate  of  control  of  streams  except  the  mam 
Chagres,  $7,800,000;  underestimate  of  cost  of  the  Culeora  excava- 
tion T)elow  -f-lO?  $17,159,418;  total,  including  20  per  cent  contingent, 
about  $25,000,000. 

The  majority  have  expressed  their  opinion,  and  no  sufficient  reason 
has  been  advanced  to  change  their  figures.  The  whole  Board  of 
13  men  are  responsible  for  the  estimate  so  f&r  as  relates  to  the 
Culebra  excavation ;  that  is  to  say,  that  the  Culebra  excavation  would 
involve  the  removal  of  a  certain  number  of  yards  of  material,  which 
was  ascertained  to  be  110,000,000.  The  whole  Board  of  Consultinjg 
Engineers  fixed  certain  unit  prices.  They  all  agreed  that  those  unit 
prices  were  adequate  to  do  the  work. 

Senator  Morgan.  There  was  no  dissent  from  them  ? 

General  Davis.  There  was  no  dissent  from  those  unit  prices.  Now, 
the  majority  found  out  that  there  was  110,000,000  cubic  yards  of  ma- 
terial there;  that  a  certain  part  of  it  was  above  +10?  a^^d  we  mul- 
tiplied that  by  80  cents;  that  another  part  of  it  was  below  +10,  and 
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we  multiplied  that  by  $1.25.  That  is  the  way  we  got  our  figures,  and 
that  is  exactly  the  way  the  minority  get  their  figures  for  tneir  exca- 
vation of  Culebra.  So  that  if  there  is  any  inadequacy  of  estimate 
there,  13  men  have  made  a  mistake — ^not  8,  but  13  have  made  the 
mistake. 

Senator  Morgan.  That  would  apply  equally  to  the  lock  canal  ? 

General  Davis.  And  that  applies  just  exactly  the  same  to  the  lock 
figures  as  it  does  to  the  sea-level  figures. 

Senator  Morgan.  The  unit  figures  are  the  same  for  both? 

General  Davis.  Exactlv  the  same ;  exactly  the  same. 

Senator  Taliaferro.  Except  as  to  the  locks  ? 

General  Davis.  No;  I  am  only  speaking  about  the  inadequacy  of 
these  figures  for  this  excavation  at  Culebra.  No;  I  did  not  touch 
the  locks. 

Senator  Morgan.  I  am  referring  to  the  excavation  through  the 
Culebra  heights. 

General  Davis.  And  everywhere,  Mr.  Senator ;  everywhere.  It  ap- 
plies everywhere. 

Senator  Morgan.  I  particularly  had  in  my  mind  the  question  about 
the  Culebra  heights. 

General  Davis.  Yes,  sir. 

Senator  Morgan.  Because  that  is  the  most  difficult  part  of  the 
work.  I  understand  you  to  say  that  all  of  the  Board  agreed  upon 
the  unit  prices  that  you  have  stated  for  excavation  through  that  part 
of  it? 

General  Davis.  Through  that  part  and  every  other  part. 

Senator  Morgan.  And  every  other  part? 

General  Davis.  Through  that  part  particularly;  yes,  sir. 

Senator  Morgan.  And  a  minority  who  favor  the  lock  system  in 
their  report  adopted  the  same  unit  prices? 

General  Davis.  Exactly ;  yes,  sir. 

Three  engineer  members  of  the^  Commission  and  Mr.  Stevens  op- 
pose the  sufficiency  of  this  estimate.  One  member  of  the  Commission 
concurs  with  the  whole  Board.  The  division  therefore  results,  14 
in  favor  and  4  opposed  to  the  sea-level  estimates  as  respects  Culebra. 
Besides,  one  member  [Mr.  Randolph]  of  the  minority  of  the  Board 
is  on  record  (page  13y  of  the  report)  as  expressing  the  opinion  that 
the  sea-level  canal  can  be  completed  within  the  estimate. 

So  far  as  concerns  the  adeqfuacy  of  the  sea-level  figures  for  the 
cost  of  controlling  the  subsidiary  streams,  the  tally  would  seem  to 
stand,  in  favor,  the  same  eight  members  of  the  Board  and  one  of  the 
Commission,  or  nine  in  all ;  opposed,  five  of  the  Board,  three  of  the 
Commission  and  its  chief  engineer,  or  nine  in  all.  Or,  if  you  add 
Mr.  Wallace  to  the  majority  side,  it  stands  ten  to  nine.  In  analyzing 
these  numbers  the  two  nonengineer  members  of  the  Commission  have 
not  been  considered. 

As  to  the  estimated  time  of  construction 

Senator  Morgan.  If  jou  will  wait  just  a  moment,  I  wish  to  ask 
you  about  a  fact  that  is  in  my  mind,  and  that  it  will  only  take  a 
minute  to  speak  of.  In  both  plans  of  the  canal,  as  projected  by  the 
majority  and  by  the  minority — the  one  a  sea-level  and  the  other  a 
lock  canal — there  is  a  berm  left  at  the  surface  or  just  above  the  sur- 
face of  the  canal? 
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General  Davis.  Yes,  sir. 

Senator  Morgan.  In  both  instances? 

General  Davis.  Yes,  sir;  in  both  instances. 

Senator  Morgan.  Is  there  any  difference  in  the  width  of  that  berm 
in  respect  to  the  two  plans,  the  sea-level  and  the  lock  plans? 

General  Davis.  No,  sir;  no,  sir. 

Senator  Morgan.  They  have  the  same  width  of  berm  ? 

General  Davis.  I  think  so,  sir;  that  is  my  understanding. 

Senator  Morgan.  So  that  that  berm,  when  it  acts  as  a  means  of 
catching  whatever  may  slip  from  above,  is  the  same  in  both  cases? 

General  Davis.  Exactly ;  yes,  sir. 

The  majority  of  the  Commission  and  the  minority  of  the  Board 
think  that  a  sea-level  canal  will  require  from  fifteen  to  twenty  years 
and  the  lock  canal  nine  years.  The  sea-level  task  is  a  plain,  simple 
task  of  excavation  and  removal,  there  being  of  what  may  be  called 
'•  works  of  art "  an  item  of  $6,920,000  for  the  tide  lock  and  accessories, 
while  in  the  lock  project  there  is  allowed  for  similar  structures,  such 
as  locks,  sluices,  spillways,  moval  dams,  etc.,  $35,267,000. 

Senator  Morgan.  Right  there  I  think  it  is  appropriate  to  ask  a 
question  about  this  sea  gate.  Some  of  the  engineers  who  have  been 
before  us  say  that  by  digging  the  sea-level  canal  in  from  the  40-foot 
contour  in  the  Bay  of  Panama,  with  a  width  of  300  feet  (I  think  that 
is  the  way  they  projected  it),  the  sea  gate  could  be  dispensed  with. 

General  Davis.  Men  have  expressed  that  opinion ;  yes,  sir. 

Senator  Morgan.  Is  that  your  opinion  ? 

General  Davis.  I  should  hardly  be  willing  to  adopt  it,  with  the 
information  that  I  have  and,  I  think,  with  the  intormation  that 
exists,  because  the  data  to  enable  one  to  pass  upon  that  subject  is  not 
satisfactory.  The  currents  in  a  waterway  are  governed  by  so  many 
conditions  that  it  is  difficult  to  predict  what  those  currents  will 
amount  to  in  velocity  unless  you  have  perfectly  well-known  condi- 
tions. There  is  an  engineer  in  New  York,  who  is  chief  engineer  of 
the  city  of  Brooklyn,  who  has  written  to  every  member  of  the  Board 
and  to  a  great  many  other  people,  stating  that  in  his  opinion  this 
tide  lock  is  not  necessary  at  all.  It  is  not  at  all  necessary,  he  thinks. 
He  cites  the  opinion  of  a  Frenchman  by  the  name  of  Boussinesq,  of 
the  French  Academy,  who  some  eighteen  or  twenty  years  ago  made  a 
report  on  that  subject  for  Mr.  De  Lesseps,  and  he  expressed  the  opin- 
ion that  the  currents  in  the  Panama  Canal  at  the  Panama  end  would 
not  exceed  3  miles  an  hour.     I  think  that  was  the  figure. 

Senator  Morgan.  At  high  tide? 

General  Davis.  At  high  tide,  or  rather  at  the  time  of  greatest  tidal 
flow. 

Senator  Morgan.  Yes. 

General  Davis.  Because  at  high  tide  it  is  slack  water,  and  the  same 
at  dead  low  water. 

Senator  Morgan.  At  the  time  of  greatest  pressure,  in  other  words? 

General  Davis.  Yes,  sir.  Now,  a  member  of  the  Board,  wishing  to 
get  light  on  the  subject,  consulted  a  college  professor  who  was  thought 
to  be  a  very  competent  hydraulician,  and  gave  him  the  facts  concern- 
ing the  Panama  Canal— told  him  how  wide  it  was  proposed  to  make 
the  canal  prism,  what  distance  it  was  across,  and  how  much  the 
tidal  oscillations  were — and  asked  him  to  compute  the  current  that 
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would  be  derivable  from  this  ran^  of  tide,  and  where  that  current 
would  have  greatest  velocity.  This  professor  made  a  calculation  and 
submitted  it,  and  demonstrated  to  nis  own  satisfaction  that  there 
would  be  a  current  of — I  have  forgotten  now ;  I  think  it  was  9  miles 
an  hour — and  that  the  greatest  velocity  of  that  current  would  be  at 
Colon,  50  miles  from  Panama,  at  the  point  where  the  Panama  Canal 
entered  the  Atlantic  Ocean.  The  whole  thing  was  so  absurd  that  even 
the  gentleman  who  had  invited  the  opinion  rejected  it  as  useless. 
And  so  it  is  a  subject  beset  with  a  good  many  difficulties. 

In  the  Manchester  Canal  there  is  a  somewhat  analo^us  case.  The 
Manchester  Canal  enters  the  Mersey  just  above  Birkenhead,  just 
above  LiverpooL  Liverpool  has  a  maximum  tide  of  22  or  23  feet, 
and  the  tidal  oscillation  at  the  point  where  the  Manchester  Canal 
takes  out  of  the  Mersey  is  quite  20  feet — ^that  is,  quite  as  much  as  it 
is  at  Panama  for  the  Panama  Canal.  Mr.  Hunter,  who  was  a  member 
of  this  Board,  and  who  is  in  charge  of  the  Manchester  Canal,  and, 
indeed,  who  was  in  charge  during  its  whole  time  of  construction,  said 
that  he  was  satisfied  from  his  observation  of  the  current  at  Man- 
chester that  a  tidal  lock  would  be  necessary  a  part  of  the  time  at 
Panama  with  a  canal  of  the  prism  which  we  proposed. 

It  goes  without  saying  that  if  that  prism  be  made  wide  enough  we 
could  encounter  that  current  without  any  difficulty.  That  has  been 
pointed  out  by  good  engineers.  For  example,  tae  Harlem  River, 
which  joins  the  Hudson  and  the  East  rivers,  is  a  tidal  estuary  through 
which  our  own  Government  has  done  a  great  deal  of  work  in  straight- 
ening the  channel  and  in  constructing  a  canal  for  navigation  between 
the  Hudson  and  the  East  River  wimout  going  aroimd  the  Battery. 
The  tide  there  has  8  or  9  or  10  feet  oscillation,  and  boats  pass  and 
repass  without  any  trouble  through  the  Harlem  River. 

That  is  about  all  that  I  can  say  to  vou  on  the  subject,  except  to  call 
jrour  attention  to  Suez,  which  is  an  object  lesson  in  many  ways.  The 
tidal  oscillations  in  the  Red  Sea  amount  to  about  7  feet  or  8  feet,  as  a 
maximum.  There  is  occasionally  about  8  feet  of  tidal  oscillation  twice 
a  day.  That  tide  is  felt  as  far  as  Tossoimi,  12  miles  from  Suez ;  there 
it  disappears.  It  practically  is  felt  up  to  the  opening  of  what  is  called 
the  Little  Bitter  liake,  and  there  it  disappears.  Now,  that  current 
is  variable  through  this  portion  of  the  canal,  and  at  times  of  extreme 
tidal  oscillation  it  reacnes  3  miles  an  hour  at  the  point  of  exit, 
and  varies  from  that  all  the  way  up.  But  Mr.  Quellennec  says  that 
that  furnishes  no  obstacle  to  navigation ;  that  vessels  pass  and  repass 
in  both  directions,  only  they  observe  this  rule — that  when  a  ship  is 
going  with  the  current  she  is  never  stopped ;  it  is  the  vessels  that  are 

foing  against  the  current  that  are  tied  up  to  allow  the  others  to  pass. 
lut  it  nirnishes  no  impediment. 

Senator  Morgan.  Is  it  therefore  possible,  in  your  opinion,  by 
widening  the  prism  of  the  canal  sufficiently,  say  to  400  reet,  out  to 
the  Bay  of  Panama,  from  Pedro  Miguel  or  Miraflores,  to  dispense 
with  the  tidal  gate? 

General  Davis.  I  think  it  is  decidedly  probable.  That  is  as  much 
as  I  would  dare  to  say — that  it  is  decidedly  probable  that  it  would 
be  so. 

Senator  Morgan.  Or,  if  a  basin  were  formed  at  the  foot  of  the  hill 
there,  at  Miraflores  or  in  that  vicinity,  say  twice,  three,  or  four  times 
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the  width  of  the  canal  on  its  surface,  it  would  probably  impede  the 
flow  of  water  from  the  bay  when  it  is  filled  up,  just  as  the  Bitter 
Lake  does? 

General  Da^ts.  No,  no;  the  tidal  flow  will  be  less  the  less  the  area 
into  which  the  tide  piles  up — that  is,  if  you  have  a  big  lake  here  con- 
nected by  a  tidal  lock  with  the  sea,  and  that  had  to  be  filled  and 
■emptied  twice  every  tide — suppose  that  was  the  case — the  amount 
of  water  that  would  pass  through  this  tidal  lock  would  be  enor- 
mously greater  than  it  would  be  if  it  only  had  the  canal  prism  to 
fill  up.  If  the  storage  for  water  was  limited  to  the  canal  prism,  it 
would  soon  be  filled,  and  then  there  would  be  nowhere  for  the  water 
to  go.  But  if  you  had  a  big  lake  here  you  would  have  to  fill  that 
lake  and  empty  it  twice  a  day,  and  all  the  water  would  have  to  pjass 
in  or  pass  out  through  that  tidal  lock,  and  it  would  take  a  terriffic 
current. 

The  smaller  the  area  of  the  prism  which  has  to  be  filled  by  water 
and  the  wider  the  opening  through  which  it  may  be  filled  the  smaller 
will  be  the  current  to  be  encountered  in  navigation. 

Senator  Morgan.  The  difficulty  I  am  trymg  to  overcome  in  my 
mind,  General,  is  just  this:  That  a  tidal  gate  there  is  subjected  not 
onlv  to  the  ordinary  pressure  of  the  ocean,  coming  in  at  20  or  21  feet 
of  high  tide  twice  a  day,  but  also  to  the  effect  oi  the  increase  of  the 
inflow  of  the  water  from  the  Bay  of  Panama  by  storms  that  occur 
there,  sometimes  of  immense  rapidity  of  movement. 

General  Davis.  I  was  there  a  year.  Senator,  and  I  never  saw  a  wind 
that  amounted  to  more  than  a  pleasant  breeze. 

Senator  Morgan.  But  there  have  been  storms  there. 

General  Davis.  I  never  have  heard  of  one.  I  have  never  heard  of  a 
gale  in  Panama  Bay. 

Senator  Morgan.  I  can  get  you  the  record  of  it. 

General  Davis.  Have  you  that? 

Senator  Morgan.  Yes. 

General  Davis.  I  have  not  seen  it. 

Senator  Morgan.  They  are  very  terrible  when  they  come,  and  they 
occur  perhaps  three  times  in  a  century. 

General  Davis.  Well,  I  have,  not  happened  to  observe  the  record. 

Senator  Morgan.  I  simply  had  those  things  in  my  mind,  and  I  was 
trying  to  find  out  about  them. 

Senator  Dryden.  General,  I  was  going,  before  you  concluded  your 
testimony,  to  ask  you  a  question  upon  this  very  same  point  that  Sen- 
ator Morgan  has  brought  out;  and  I  think  it  is  apropos  now  to  say 
that  I  have  a  letter  from  a  very  distinguished  hyoraulic  engineer  of 
my  State,  Mr.  Clement  Herschel.     Do  you  laiow  Mr.  Herschel  ? 

General  Davis.  He  is  the  gentleman  to  whom  I  referred  when  I 
spoke  of  having  had  correspondence. 

Senator  Dryden.  Mr.  Herschel  has,  in  a  way,  been  interested  in 
this  project  ever  since  Mr.  Burlingame  returned  from  China  as  min- 
ister from  China  to  the  United  States  and  Europe.  The  Chinese 
were  interested  in  having  this  canal  put  through. 

Senator  Morgan.  Away  back  in  the  sixties. 

Senator  Dryden.  Yes;  about  1866  or  1867,  Mr.  Herschel  writes  me. 
And  Mr.  Burlingame  then  consulted  Mr.  Herschel  about  this  project, 
and  he  has  kept  up  his  interest  in  a  way  ever  since.    He  sent  me  the 


808  •    INVESTIGATION   OP   PANAMA   CANAL   MATTEBS. 

proof  of  an  article  which  will  soon  appear,  if  it  is  not  now  in  print, 
in  one  of  the  engineering  journals.  Mr.  Herschel  believes  that  this 
sea-level  canal,  as  designed  and  recommended  in  the  majoritv  report, 
can  be  built  without  a  lock.  He  states  here  as  a  matter  of  interest 
that  the  construction  of  the  Corinth  Canal  was  prevented  for  two 
thousand  five  hundred  years  after  it  was  first  projected,  because  the 
engineers  did  not  believe  that  it  was  safe  to  build  a  sea-level  canal 
without  locks.  Then  he  refers  in  his  article  to  the  little  canal  at  Tas- 
mania, and  also  speaks  of  the  Suez  Canal — that  it  was  thought  that 
it  must  be  protected  in  the  ^me  way.     That  is  true,  I  believe  I 

General  Davis.  Oh,  yes ;  those  are  all  facts. 

Senator  Dryden.  I  would  like  to  quote,  in  order  to  have  it  go  into 
the  record,  an  extract  from  Mr.  Herschel'«  article,  because  I  tnink  it 
is  interesting  and  illuminating  on  this  subject.  Of  course  you  will 
understand  mat  this  is  taken  out  of  the  body  of  his  article. 

"  We  have  only  these  data :  A  slope  of  water  surface  on  the  Suez 
Canal  2J  inches  to  the  mile  produced  a  maximum  velocity  of  2.67  feet 
per  second  (1.6  knots) ;  and  it  will  not  require  profound  hydraulic 
computations  to  show  that  in  a  Panama  canal  which  will  have  a 
maximum  slope  of  water  surface  of  3  inches  per  mile  on  44  or  45  miles 
of  sea -level  canal  the  engendered  velocities  will  not  be  inordinately 

S-eat.  Again,  the  precise  computations  were  long  ago  made  by 
oussinesq  " — that  is  the  en^neer  your  referred  to? 

General  Davis.  Yes;  that  is  the  one  I  mentioned. 

Senator  Dryden  (continuing  reading) :  "And  other  masteps  of  the 
science  of  hydraulics,  and  may  be  found  in  the  records  of  the  meet- 
ings of  the  French  Academy  of  1887,  volume  104,  page  1484,  for  the 
cross  section  of  canal  then  proposed,  and  will  not  inordinately  vary 
from  those  for  the  cross  sections  now  proposed." 

"  The  situation  as  found  by  Boussinesq  and  his  fellow -members  of 
the  committee  would  be  exactly  similar  to  the  one  above  described  as 
existing  in  the  Suez  Canal — a  long  water  surface,  this  time  45  miles 
long — hinged,  as  it  were,  at  one  end  and  the  other  end  oscillating 
some  10  feet  above  and  below  the  fixed  mean  level  of  the  sea,  makinff 
alternately  a  slope  of  water  surface  and  of  currents  to  the  north  ana 
to  the  south  about  3  inches  to  the  mile  of  maximum  slope,  and  maxi- 
mum cun-ents  of  about  4  feet  per  second  (two  and  a  half  knots). 
On  rare  occasions  during  the  year,  brought  about  by  strong  gales, 
this  may  be  exceeded,  and  there  is  room  for  the  excess  without 
materially  obstructing  navigation.  Vessels  do  navigate  channels 
having  a  5-knot,  6-knot,  and  higher  velocity  currents  up  to  10  and 
12  knots  in  narrow  channels  on  river  rapids." 

That  is  an  important  fact. 
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**  But  it  is  not  the  purpose  of  this  article  to  discuss  the  debatable 
questions;  and  the  precis-e  limit  of  speed  at  which  currents  become 
of  material  hindrance  to  navigation  is  such  a  question."  etc. 

Xow,  Mr.  Herchel  states  in  nis  article,  as  I  read  it  here,  that  there 
has  never  been  any  exact  calculation  or  measurement  taken  to  ascer- 
tain the  velocity  of  the  inrush  of  the  sea  at  different  periods.  That 
is  correct,  is  it  not.  General  ? 

General  Davis.  That  is  true.  This  Board  wished  very  much  to 
make  such  a  study;  but  the  study  would  have  involved  a  good  deal 
of  time,  and  it  was  conceived  that  the  Board  would  have  finished 
its  work  in  three  months  from  the  time  it  was  created.  It  could  not 
take  up  that  subject  of  discussion,  purely  scientific  study,  and  solve 
it  or  even  arrive  at  any  conclusion  on  it  in  the  time  that  was  available 
for  its  purposes.  I  think  it  is  a  subject  that  the  present  Isthmian 
Canal  Commission  or  the  chief  engineer  ought  by  all  means  to  study 
with  the  greatest  care;  and  there  should  te  no  pains  spared  to  get 
every  fact  bearing  on  that  question  of  the  currents  at  Panama  that 
is  possible.  We  do  know  that  in  the  case  of  the  present  canal 
entrance,  which  sweeps  in  here  [indicating],  and  at  the  La  Boca 
wharf,  there  is  nn  excavated  channel  reaching  clear  out  here  [indicat- 
ing], and  ships  have  no  trouble  in  coming  to  that  wharf  at  any  time 
of  the  tide,  and  there  is  a  current  going  in  and  out  there  all  the 
while.  Even  if  that  wharf  had  been  put  away  down  here  somewhere 
near  Miraflores,  and  the  channel  were  made  of  the  same  dimensions, 
I  do  not  see  any  reason  why  ships  should  not  have  gone  up  there  to 
load  and  discharge  if  it  were  desired.  There  are  ever  so  many  facts 
that  tend  toward  the  conclusion  that  Mr.  Herschel  has  reached. 

Senator  Dryden.  If  a  sea-level  canal  should  be  built,  whether  it 
can  be  built  with  or  without  locks  is  certainly  a  very  important 
question. 

General  Davis.  Yes,  sir ;  a  very  important  one. 

Senator  Dryden.  And  I  think  that  this  contribution  from  the  pen 
of  an  eminent  hydraulic  engineer  ought  to  go  into  our  records  and  be 
before  us. 

General  DA\^s.  I  am  very  glad  it  will. 

Senator  Morgan.  Allow  me  to  ask  this  question:  If  a  sea-level 
canal  were  dredged  out  from,  say,  Pedro  Miguel  into  the  bay,  could 
the  question  as  to  the  necessity  for  a  tidal  lock  or  gate  be  determined 
after  the- dredging  of  that  channel? 

General  Davis.  Oh,  yes. 

Senator  Morgan.  As  well  as  before? 

General  Davis.  Yes,  I  think  so;  because  before  you  had  the  Cule- 
bra  cut  dug  out  you  would  have  ample  time  to  build  the  lock. 

Senator  Morgan.  That  is  it.  So  that  is  a  question  that  for  its 
final  determination  can  be  postponed  even  until  after  the  dredging 
out  of  the  canal  from  Pedro  Miguel  into  the  bay? 

General  Davis.  Yes,  sir ;  I  think  it  imquestionably  can. 

Now,  I  want  to  say  on  behalf  of  the  majority — and  perhaps  I 
might  presume  to  speak  on  behalf  of  the  whole  Board,  but  I  will  not 
attempt  to  represent  anybody  but  myself  in  this  matter — that  the 
ENG  I  c— 06 53 
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experience  of  Mr.  Hunter  at  Manchester  was  what,  I  think,  had 
more  influence  upon  the  Board  than  any  other  one  thing.  Quel- 
lenec's  observations  about  Suez  all  tended  toward  the  elimination  of 
the  idea  of  the  necessity  for  that  tidal  lock.  But  when  Hunter, 
speaking  for  a  place  where  they  had  just  such  a  tidal  oscillation  and 
where  they  had  a  canal  into  which  ships  had  to  go  and  come,  reached 
the  conclusion  that  those  currents  might  reach  5  miles  an  hour  at 
extreme  high  water  and  low  water — or  at  the  time  when  the  current 
was  runniftg  at  its  extreme  velocity,  I  should  say — ^the  Board  did  not 
wish  to  go  against  such  an  opinion,  and  therefore  they  have  included 
this  provision  and  $6,000,000  for  building  a  tide  lock  which  enters 
into  that  estimate.  If  it  is  not  necessary,  so  much  the  better,  but 
there  is  $6,000,000  there  for  a  tide  lock. 

I  was  speaking  about  "  works  of  art "  that  were  involved  in  the 
two  plans  and  as  affecting  the  time  of  completion  of  the  canal. 

The  sea-level  estimate  carries  $6,000,000  for  the  Gamboa  dam  and 
a  part  (say  two-fifths)  of  the  amount  allowed  for  diversion  dams, 
regulations  of  contributory  streams,  diversion  channels,  and  embank- 
ments. This  part  of  the  $3,500,000  set  aside  for  these  objects  is 
$1,400,000,  making  a  total  for  sea-level  dams,  including  Gamboa,  of 
$7,400,000,  while  the  minority  allows  $9,551,000  for  fixed  dams,  em- 
bankments, etc. 

If  the  Gamboa  dam  should  be  built  wholly  of  concrete  masonry, 
and  if  its  cost  should  be  added  to  the  previous  total  for  sea-level 
works  of  art,  the  aggregate  for  all  such  will  reach  $12,920,000,  as 
against  $35,209,000,  or  nearly  three  times  more,  and  the  figures  for 
dams  required  for  the  two  types  will  be  as  follows :  For  the  sea-level 
canal,  minus  the  Gamboa  dam,  $1,400,000;  for  the  lock  canal,  $9,551,- 
000 — the  latter  sum  nearly  seven  times  as  great  as  the  former. 

The  total  concrete  required  in  the  Gatun  locks  is  said  to  be  1,300,- 
000  cubic  yards,  a  mucn  larger  quantity  than  has  ever  been  placed 
in  so  limited  an  area ;  while  the  total  mass  of  concrete  masonry  for 
all  locks  and  regulating  works  may  reach  quite  3,500,000  cubic  yards. 

The  minority  estimate  the  time  required  for  the  Gatun  lock  exca- 
vation at  four  years.  There  is  about  4,000,000  yards  to  come  out  of 
that  lock  pit.  They  estimate  the  placement  of  the  masonry  at  two 
and  a  quarter  years  and  the  installation  of  the  gates  at  one  and  a 
quarter  years,  making  a  total  of  seven  and  a  half  years  at  most; 
while  it  is  claimed  that  the  Culebra  excavation  for  the  85-foot  level 
canal  will  take  eight  and  a  half  years. 

Considering  the  vast  quantities  of  imported  cement,  lumber,  iron, 
steel,  and  machinery  required  in  lock  construction;  the  fact  that  no 
sand  suitable  for  concrete  is  known  to  exist  on  the  Isthmus  save  on 
the  sea  beach  at  Panama — and  it  will  take  1,500,000  yards  of  sand  to 
be  hauled  for  all  those  locks;  that  the  Isthmus  is  from  four  to  seven 
days'  steaming  distance  from  the  nearest  home  port ;  that  the  rains 
will  prevent  outdoor  work  for  about  one-third  of  what  we  are  accus- 
tomed to  regard  as  working  days;  and,  finally,  that  the  Isthmus  fur- 
nishes no  skilled  labor  whatever,  then  the  type  of  canal  which  will 
present  fewest  diflSculties  will  be  the  one  which  calls  for  fewest 
mechanical  constructions  and  least  skilled  artisans. 

Eminent  engineers  have  expressed  the  opinion  that  the  feature  of 
the  lock  canal  that  will  take  longest  is  the  Duilding  of  the  locks,  and 
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that  the  assignment  of  ten  years  to  complete  realization  of  the  entire 
work  is  an  irreducible  minimum. 

With  the  sea -level  plan  it  is  a  matter  of  excavation  and  transpor- 
tation than  which  there  is  no  kind  of  construction  work  more  sim- 
ple; a  kind  of  work  for  the  doing  of  which  improvements  in  tools, 
means  and  methods  of  transportation,  and  disposal  may  be  more 
confidently  expected  than  in  carrying  on  the  more  advanced  mechan- 
ical operations  involved  in  building  locks,  lock  gates,  and  movable 
dams. 

The  greatest  practicable  speed  of  construction  obtainable  is  decid- 
edly in  favor  of  the  simple  work  or  digging  a  ditch  joining  the  oceans 
at  one  level  over  that  of  forming  an  elevated  channel  85  feet  above  the 
oceans  in  six  steps. 

In  the  building  of  the  Suez  Canal,  toward  the  close,  they  made  an 
average  output  of  2,000,000  yards  a  month  at  Suez;  and  that,  you 
know^  was  thirty-seven  or  thirty-eight  years  ago,  with  tools  and 
machmes  that  were  antiquated — wonderfully  antiquated  compared 
with  what  we  have  now. 

You  have  all  read  about  the  drainage  of  the  City  of  Mexico,  or  the 
valley  of  Mexico;  and  you  probably  remember  to  have  seen,  if  you 
went  down  the  Mexican  Central  to  the  city,  that  vou  pass  through 
a  huge  chasm  that  was  excavated  by  the  Spaniards  hundreds  of  years 
ago.  It  is  called  the  Nochistonga  drainage  channel.  It  was  com- 
menced the  same  year  that  the  first  white  man  landed  at  James- 
town— the  very  same  year,  1607;  and  it  was  carried  to  completion. 
The  work  t^as  done  by  Indians,  carrying  out  the  earth  in  baskets,  on 
their  heads  and  on  their  backs;  and  they  took  out  54,000,000  cubic 
yards  of  dirt  out  of  that  cut,  12  miles  long  and  over  200  feet  deep. 
That  was  finished  150  years  ago.  It  was  not  adequate,  and  since  then 
they  have  gone  and  bored  a  tunnel  through  the  mountain,  and  now 
thev  have  a  better  system. 

Tfhe  maximum  output  on  the  Manchester  Canal  during  its  construc- 
tion, in  yards,  was  about  10,000,000  a  month.  The  plant  was  limited, 
and  Mr.  Hunter  said  that  with  a  larger  plant  they  could  have  gone  up 
to  13,000,000  easily,  so  far  as  finding  a  place  for  them  all  to  work  was 
concerned. 

There  is  a  mine  in  Peru  called  Cerro  de  Pasco  that  was  opened  up 
by  the  Spaniards  hundreds  of  years  ago.  It  is  a  silver  mme.  The 
ore  has  been  teken  out  entirely  by  the  natives,  without  machinery,  car- 
ried up  ladders  on  their  backs  and  on  their  heads.  That  pit  at 
Cerro  de  Pasco  is  600  feet  deep,  3  miles  long,  and  half  a  mile  wide; 
and  that  has  been  done  by  human  muscle  entirely.  Culebra  is  not  a 
circumstance  to  it.  Of  course  we  do  not  think  of  any  such  processes 
at  Culebra.  We  propose  to  make  steam  and  water  power  do  that 
work  instead  of  the  hands  of  men,  but  it  is  not  such  a  colossal  under- 
taking. There  is  110,000,000  yards  to  come  out.  The  lock  people 
are  going  to  take  out  53,000,000,  they  say.  A  little  more  than  half 
will  remain. 

Senator  Morgan.  That  amount  of  68,000,000  is  down  to  86  feet? 

General  Davis.  In  their  85-foot  elevation  they  take  out  53,000,000 
yards  at  Culebra.    We  take  out  110,000,000  yards  at  Culebra. 

Senator  TAUArERRO.  What  did  you  say  tney  took  out  at  the  lock 
foundations? 
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General  Davis.  Something  less  than  4,000,000  at  the  Gatun  lock. 
[After  examining  papers,]     It  is  3,660,Q00  yards. 

As  to  the  Corinth  Canal,  which  is  only  2  miles  or  2i  miles  long — 
Mr.  Quellenec,  the  present  chief  engineer  of  the  Suez  Canal,  who  was 
a  member  of  this  Board,  was  the  consulting  engineer  at  the  time  the 
Corinth  Canal  was  made.  In  that  little,  narrow,  contracted  space 
of  only  2  miles  they  took  out  2,500,000  cubic  yards  a  year.  And  so 
these  examples  are  found  for  the  doing  of  something  in  reducing  that 
Culebra  Hill,  which  is  now  165  feet  high  at  the  hi^est  point.  That 
is  this  elevation  [indicating  on  map]. 

Senator  Morgan.  You  speak  about  taking  out  how  many  millions 
at  the  Gatun  dam? 

General  Davis.  It  is  3,660,000  cubic  yards  in  the  lock  pit.  Oh,  the 
Gatun  dam  ? 

Senator  Morgan.  Yes. 

General  Davis.  Not  the  dam.  I  mean  the  Gatun  lock  pit.  If  1 
said  the  dam,  I  did  not  mean  it.     Xo;   I  mean  the  lock  pit  at  Gatun. 

Senator  Morgan.  There  is  something  to  be  taken  out,  though,  on 
the  site  of  the  Gatun  dam  ? 

General  Davis.  Oh,  yes;  they  have  to  strip  the  site  of  the  dam^  and 
then  they  have  to  cut  out  the  place  for  the  aiversion  channel  and  the 
sluiceway  to  go  through  that  hill. 

Senator  Morgan.  I  understand.  Now,  is  there  any  estimate  in  the 
report  of  the  minority  for  the  amount  of  material  that  has  to  be  taken 
out,  not  including  that  through  the  hill  ? 

General  Davis.  I  think  it  is  not  stated  in  yards,  but  I  think  it  is 
stated  in  money.  I  think  they  estimate  a  certain  sum  of  money  for 
stripping  the  surface  where  the  dam  is  to  be  placed. 

Senator  Morgan.  So  there  is  an  estimate? 

General  Davis.  In  money;  yes.  I  do  not  think  it  is  stated  in 
yards. 

Senator  Morgan.  That  is  all  I  wanted  to  know. 

General  Davis.  I  think  it  is  all  covered. 

(The  committee  thereupon  took  a  recess  until  2.30  o'clock  p.  m.) 

afternoon  session. 
The  committee  met,  pursuant  to  the  taking  of  recess,  at  2.30  p.  m. 

STATEMENT  OF   MAJ.  GEN.  GEOEGE  W.  DAVIS.  U.  8.  ARMY 
(EETIEED)— Continued. 

General  Davis.  The  next  point  brought  out  by  the  Secretary's 
letter  is :  The  cost  of  operation  and  maintenance,  disregarding  capital 
invested,  is  in  favor  of  the  sea-level  canal,  but  is  against  it  if  the  inter- 
est on  the  larger  investment  is  allowed  for. 

My  comment  upon  that  is  this :  The  minority,  by  a  French  method 
of  computation,  estimate  the  cost  of  maintenance  and  operating  their 
six  locks  and  sluice^s,  representing  170  feet  of  lockage,  at  $758,000,  and 
the  cost  by  the  same  method  of  computation  of  maintaining  and  oper- 
ating the  tide  lock  and  sluice  at  about  $159,000,  the  total  lockage  being 
less  than  21  feet,  or  less  than  one-eighth  that  of  the  multilock  system. 
Assuming  that  the  figure  assigned  for  the  tide  lock  is  fair  and  that  the 
cost  for  lock  operation  and  maintenance  would  be  directly  as  the  lock- 
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age,  then  the  cost  of  managing  an'd  maintaining  the  six  locks  should 
be  $1,382,000,  or  if  cost  should  be  assumed  to  be  in  proportion  to  the 
number  of  locks,  the  figure  for  the  six  locks  would  be  about  $951,000. 

The  experience  gained  in  the  operation  of  the  Suez  Canal  gives 
us  some  basis  for  inferring  what  may  be  the  cost  of  some  of  the  fea- 
tures of  a  sea-level  canal  at  Panama.  Suez  is  104.8  miles  long; 
Panama  will  be  49.35  miles  long.  The  harbor  at  Port  Said  requires 
dredging  well  on  toward  a  million  cubic  yards  yearly.  That  is  stated 
in  their  reports  in  many  places.  The  harbor  ot  Suez  on  the  Red  Sea 
requires  no  dredging  to  speak  of.  On  the  Mediterranean  there  is  a 
littoral  current  that  sweeps  from  the  west  to  the  east  and  that  brings 
the  sand  along  the  shore,  and  so  they  built  out  a  jetty,  which  is  nearly 
2  miles  long.  At  first  it  stopped  ajl  the  sand,  but  by  and  by  the  sand 
filled  in  between  the  jetty  and  the  shore  and  they  kept  building  out  the 
jetty  until  they  have  it  out  now  about  as  far  as  they  think  it  prudent 
to  go,  and  they  have  said  that  they  can  maintain  the  channel  hereafter 
by  dredging  rather  than  extending  the  jetty  farther.  It  takes  about  a 
million  yards  of  dredging  to  keep  that  channel  open. 

Senator  Morgan.  That  much  a  year  ? 

General  Davis.  Yes,  sir. 

Senator  Morgan.  What  do  they  do  with  the  dredged  material? 

Greneral  Davis.  Take  it  out  to  sea  and  drown  it.  If  the  Board  plan 
for  Colon  entrance  (majority  and  minority)  is  carried  out,  there  will 
be  very  little  dredging  required  to  maintain  the  same.     If  the  pro- 

?osed  jetty  between  the  mainland  and  islands  and  outer  harbor  of 
^anama  is  built  there  will  be  no  littoral  drift  and  very  little  dredgin^ 
at  the  Pacific  terminus.    Therefore  Panama  should  be  spared  mucl 
expense  of  dredging  harbors. 

The  total  annual  dredging  at  Suez  for  the  last  three  years  has  been 
3,414,000  cubic  yards  in  maintaining  the  channel,  and  almost  1,000,000 
of  this  was  from  Port  Said  entrance.  That  is  from  their  official  re- 
ports. The  remainder,  say,  two  and  a  half  million  cubic  yards,  was 
almost  all  blown  into  the  canal  by  the  desert  winds.  This  is  illus- 
trated by  this  map.  This  is  Lake  Menzaleh.  That  lake  formerly  ex- 
tended quite  a  little  distance  along  here  [indicating  on  map].  There 
are  little  hills  sticking  up  all  through  it.  In  bibncal  times,  accord- 
ing to  the  theory  of  those  who  have  studied  historical  matters,  this 
country  was  densely  populated,  and  along  here  was  the  site  of  the 
city  of  Pelusium. 

Senator  Morgan.  The  land  of  Goshen? 

General  Davis.  That  is  what  it  was;  but  now  that  is  a  salt  lake, 
and  when  this  canal  was  built  that  side  was  the  same  as  this  side 
[indicating  on  map] .  But  prevailing  winds  from  the  east  have  filled 
m  until  one  side  here  [indicating  on  map]  is  dry  land  and  the  other 
aide  is  a  salt  lake.  When  the  canal  was  made  they  were  the  same. 
Panama  will  escape  any  such  obstruction,  but  whatever  silt  comes  into 
the  channel  must  be  removed.  All  Chagres  water  that  comes  to  the 
canal  from  Lake  Gamboa  will  be  clean  and  limpid ;  no  water  from 
the  Gatun,  Trinidad,  Cano  Quebrado,  Gigante,  and  Gigantito  will 
ever  reach  the  canal.  Those  waters  will  be  diverted.  Here  are  those 
streams  on  the  map. 

(General  Davis  pointed  out  upon  the  map  the  streams  referred  to.) 

Senator  Morgan.  They  are  retained  by  dams  that  form  lakes  or 

General  Davis.  These  three  are  retained  by  dams  [indicating  on 
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General  Davis.  Something  less  than  4,000,000  at  the  Gatun  lock. 
[After  examining  papers.]     It  is  3,660,000  yards. 

As  to  the  Corinth  Canal,  which  is  only  2  miles  or  2^  miles  long — 
Mr.  Quellenec,  the  present  chief  engineer  of  the  Suez  Canal,  who  was 
a  member  of  this  Board,  was  the  consulting  engineer  at  the  time  the 
Corinth  Canal  was  made.  In  that  little,  narrow,  contracted  space 
of  only  2  miles  they  took  out  2,500,000  cubic  yards  a  year.  And  so 
these  examples  are  found  for  the  doing  of  something  in*  reducing  that 
Culebra  Hill,  which  is  now  165  feet  high  at  the  highest  point  That 
is  this  elevation  [indicating  on  map]. 

Senator  Morgan.  You  speak  about  taking  out  how  many  millions 
at  the  Gatun  dam? 

General  Davis.  It  is  3,660,000  cubic  yards  in  the  lock  pit.  Oh,  the 
Gatun  dam  ? 

Senator  Morgan.  Yes. 

General  Davis.  Not  the  dam.  I  mean  the  Gatun  lock  pit.  If  1 
said  the  dam,  I  did  not  mean  it.     No;  I  mean  the  lock  pit  at  Gatun. 

Senator  Morgan.  There  is  something  to  be  taken  out,  though,  on 
the  site  of  the  Gatun  dam  ? 

General  Davis.  Oh,  yes;  they  have  to  strip  the  site  of  the  dam^  and 
then  they  have  to  cut  out  the  place  for  the  aiversion  channel  and  the 
sluiceway  to  go  through  that  hill. 

Senator  Morgan.  I  understand.  Now,  is  there  any  estimate  in  the 
report  of  the  minority  for  the  amount  of  material  that  has  to  be  taken 
out,  not  including  that  through  the  hill  ? 

General  Davis.  1  think  it  is  not  stated  in  yards,  but  I  think  it  is 
stated  in  money.  I  think  they  estimate  a  certain  sum  of  money  for 
stripping  the  surface  where  the  dam  is  to  be  placed. 

Senator  Morgan.  So  there  is  an  estimate? 

General  Davis.  In  money;  yes.  I  do  not  think  it  is  stated  in 
yards. 

Senator  Morgan.  That  is  all  I  wanted  to  know. 

General  Davis.  I  think  it  is  all  covered. ' 

(The  committee  thereupon  took  a  recess  until  2.30  o'clock  p.  m.) 

afternoon  session. 
The  committee  met,  pursuant  to  the  taking  of  recess,  at  2.30  p.  m. 

STATEMENT  OF   MAJ.  GEN.  GEOEOE  W.  DAVIS.  U.  S.  ARMY 
(EETIEED)— Continued. 

General  Davis.  The  next  point  brought  out  by  the  Secretary's 
letter  is:  The  cost  of  operation  and  maintenance,  disregardixiff  capital 
invested,  is  in  favor  of  the  sea-level  canal,  but  is  against  it  if  uie  inter- 
est on  the  larger  investment  is  allowed  for. 

My  comment  upon  that  is  this :  The  minority,  by  a  French  metho^l 
of  computation,  estimate  the  cost  of  maintenance  and  operating  their 
six  locks  and  sluices,  representing  170  feet  of  lockage,  at  $758,oS),  ami 
the  cost  by  the  same  method  of  computation  of  maintaining  and  oper- 
ating the  tide  lock  and  sluice  at  about  $159,000,  the  total  lockage  being 
less  than  21  feet,  or  less  than  one-eighth  that  of  the  multilock  system. 
Assuming  that  the  figure  assigned  for  the  tide  lock  is  fair  and  that  the 
cost  for  lock  operation  and  maintenance  would  be  directly  as  the  lock- 
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2  miles  long.  At  first  it  stopped  alf  the  sand  h,/f  ?^'  ""^^^^  '^  "«»r5 
filled  m  between  the  jetty  and  the  sCfan A  u  ^.  v"^,  ^^  *^«  ^^"^ 
jetty  until  they  have  it  out  now  aK  as  ftr  J.^'P*.^^'^^."^  «»*  the 

General  Davis.  Yes,  sir.  '  — •-•^•^ 

Senator  Morgan.  What  do  thev  H^ 

General  Davis.  Take  it  out  to  •*  "^  ^^^^  ^^®  dredged  material? 
for  Colon  entrance  (majoritvO^  sea  and  drown  it.  If  the  Board  plan 
be  very  little  dredginfi;  rer^i'-r'and  minority)  is  carried  out,  there  will 
nosed  jetty  between  the  ^|^ired  to  maintain  the  same.  If  the  pro- 
Panama  is  built  there  v: /Mainland  and  islands  and  outer  harbor  of 
at  the  Pacific  terminii^iU  be  no  littoral  drift  and  very  little  dredging 
expense  of  dredgingea/s.    Therefore  Panama  should  be  spared  much 

The  total  annua^  ig^harbors. 
3^14,000  cubic  y^OOTdredging  at  Suez  for  the  last  three  years  has  been 
of  this  was  frorl;a'ds  in  maintaining  the  channel,  and  almost  1,000,000 
j.orts.  The  re^idh  Port  Said  entrance.  That  is  from  their  oflScial  re- 
almost  all  blcMmainder,  say,  two  and  a  half  million  cubic  yards,  was 
trated  by  thi  rfwn  into  the  canal  by  the  desert  winds.  This  is  illus- 
t ended  quitrlyfe  map.  This  is  Lake  Menzaleh.  That  lake  formerly  ex- 
are  little  h/.  a  little  distance  along  here  [indicating  on  map].  There 
ing  to  the  ills  sticking  up  all  through  it.  In  biblical  times,  accordr 
country  vUr  theory  of  those  who  have  studied  historical  matters,  this 
<?ity  of  Ej/'as  densely  populated,  and  along  here  was  the  site  of  the 

Senf^ehisium. 

Ge^tor  Morgan.  The  land  of  Goshen? 
s^f^d  fieral  Davis.  That  is  what  it  was;  but  now  that  is  a  salt  lake, 
f  inJPrivhen  this  canal  was  built  that  side  was  the  same  as  this  side 
inMiicating  on  map].  But  prevailing  winds  from  the  east  have  filled 
^!^until  one  side  here  [indicating  on  map]  is  dry  land  and  the  other 
ride  is  a  salt  lake.  When  the  canal  was  made  they  were  the  same. 
Panama  will  escape  any  such  obstruction,  but  whatever  silt  comes  into 
^lie  channel  must  be  removed.  All  Chagres  water  that  comes  to  the 
tanal  from  Lake  Gamboa  will  be  clean  and  limpid;  no  water  from 
^ae  Gatun,  Trinidad,  Cano  Quebrado,  Gigante,  and  Gigantito  will 
etrer  reach  the  canal.    Those  waters  will  be  diverted.    Here  are  those 

-eams  on  the  map. 

8 General  Davis  pointed  out  upon  the  map  the  streams  referred  to.) 

Gt^nator  Morgan.  They  are  retained  by  dams  that  form  lakes  or 

neral  Davis.  These  three  are  retained  by  dams  [indicating  on 
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map].  The  Trinidad  does  not  come  out  into  the  canal  at  all;  it  dis- 
charges here  [indicating] ;  it  passes  through  the  old  Chagres  Valley 
and  goes  through  that  diversion,  which  diversion  is  supposed  to  be 
crossed  by  the  Gatun  dam  here  [indicating],  and  so  goes  out  to  the 
sea  here  [indicating  on  map].  The  Gatuncillo  comes  in  here  and 
lakes  the  old  French  diversion  channel,  from  which  they  excavated 
2,500,000  cubic  yards,  and  finds  the  sea  here  in  Manzanilla  Bay. 
That  channel  is  open  except  in  two  short  spaces ;  one  is  at  Mindi  and 
the  other  is  opposite  Monkey  Hill.  Those  two.  obstructions  remain, 
perhaps  a  half  mile  long  in  the  aggregate,  and  have  to  be  taken  out. 
Then  there  will  be  a  channel  open  from  Gatun  all  the  way  to  Man- 
zanilla Bay  15  feet  deep  and  110  feet  wide.  Of  course  there  is  some 
dredging  to  be  done. 

Senator  Morgan.  That  channel  is  already  dug? 

General  Davis.  Except  those  two  bulkheads. 

Senator  Morgan.  And  paid  for? 

General  Davis.  And  paid  for.  The  remaining  streams,  some  22 
in  number,  may  possibly,  a  day  or  two  at  a  time,  at  intervals  of  many 
years  discharge  over  weirs  from  settling  basins  29,000  second-feet  of 
water.  For  mree  hundred  days  in  the  year  those  are  mere  brocJcs  or 
are  dry  altogether  and  carry  no  considerable  quantity  of  silt,  for  their 
beds  are  generally  rocky  and  drain  a  densely  vegetated  terrane.  It  is 
impossible  to  conceive  that  the  silt  from  all  these  little  mountain 
brooks  could  exceed  a  half  million  yards  annually.'  In  other  words, 
the  annual  expense  for  maintaining  the  channel  depth  as  affected  by 
silt  from  thcvse  little  streams  would  not  exceed  $150,000  a  year. 

Bearing  upon  that  point  I  would  like  to  mention  what  is  a  fact — 
that  the  Manchester  Snip  Canal,  which  is  36  mil^  lon^  and  parallels 
the  river  Mersey  throughout  its  whole  extent  and'^impinges  upon  the 
river  near  Manchester,  receives  directly  into  its  oVn  prism  a  river 
called  the  Weaver,  which  drains  the  county  of  Cheshire  to  the  south 
of  Liverpool  and  Birkenhead.  That  one  stream  alo^e,  which  is  as 
muddy  a  stream  as  I  ever  saw,  full  of  silt,  discharges  iii  flood  into  the 
Manchester  Canal  36,000  second-feet;  it  does  it,  it  is  o^ing  it  every 
year,  and  that  water  is  taken  in,  and  of  course  spilled  out  again  over 
a  weir  into  the  Mersey.  The  river  Mersey  carries  58,000  second-feet. 
Those  are  facts  that  engineers  have  had  to  deal  with  and  li»ve  solved. 
They  are  as  well  known  as  any  facts  in  engineering.  That  river 
Weaver  alone  is  a  very  large  stream  in  time  of  flood,  and  very  muddy 
indeed.  When  I  saw  it  it  looked  to  me  as  I  have  often  swn  the 
upper  Missouri  or  the  Rio  Grande  in  Texas;  it  looked  very  much  the 
same. 

The  entire  expense  of  maintenance  of  the  Suez,  including  the 
dredging  referred  to,  reaches  $682,000  a  year  for  104  miles  of  carlU, 
which  is  at  the  rate  of  $6,560  per  mile.  Let  it  be  assumed  that  a> 
equal  amount  of  work  at  Panama  will  cost  $10,000  a  mile,  and  we 
have  for  the  Panama  Canal,  say,  $500,000  per  year  for  maintenanc*; 
independent  of  the  tide  locks,  only  partially  used,  and  sluices.  Fcf 
this  purpose  $100,000  a  year  should  suffice,  or  $600,000  a  year  ftr 
maintenance  of  channel  depths  and  water-regulation  lock  and  slui<«. 
But  it  is  not  claimed  that  for  a  few  years  after  the  canal  is  opered 
to  traffic  the  dredging  will  be  so  little  as  above  stated,  for  the  waves 
made  by  the  steamers  will  at  first  to  some  extent  scour  and  erode  the 
banks  and  margins.    This,  however,  will  be  a  constantly  reducing 
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item.  The  banks  can  be  revetted  by  being  pitched,  as  engineers  use 
the  phrase,  with  rock  laid  loosely — ^not  as  sond  masonry — as  the  Suez 
Canal  has  been  throughout,  perhaps,  three-quarters  of  its  length. 
They  speak  of  it  as  pitching  the  banks,  so  that  the  waves  made  by  the 
passing  steamers,  instead  of  striking  back  into  that  sand  and  carrying 
out  a  Tot  and  spilling  it  out  into  5ie  canal  again,  will  expend  their 
force  against  this  rock  revetment,  which  is  made  out  of  common  loose 
rock. 

Senator  Morgan.  A  good  deal  of  the  rock  is  manufactured  on  the 
ground,  is  it  not? 

General  Davis.  No;  at  Suez  they  have  plenty  of  rock. 

Senator  Morgan.  They  have  plenty  of  rock? 

General  Davis.  Yes ;  there  are  plenty  of  specimens  here  in  the  city. 
Mr.  Quellennec  had  a  lot  sent  here.  Nearly  all  the  rock  is  near  the 
Red  Sea  south  of  Ismailia ;  it  is  quite  hard,  quite  dense  sandstone. 

For  the  first  ten  years  after  the  canal  is  put  into  commission  the 
expense  for  transit  should  not  exceed  $500,000  annually.  The  Com- 
mission and  the  minority  say  that  the  maintenance  of  turn-out  places 
would  be  a  considerable  expense,  but  no  definite  figure  is  assigned. 
There  are  23  turn-out  places  or  sidings  at  Suez,  10  of  them  being 
equipped  with  telegraph  as  signal  stations.  The  cost  of  all  is  found 
to  be  about  $60,000  annually.  Allowing  for  seven  such  stations  at 
Panama,  as  suggested  by  the  minority,  and  for  higher  unit  charges 
than  at  Suez,  these  turn-outs,  about  which  so  much  has  been  said, 
might  cost  $15,000  a  year. 

There  is  a  further  expense  at  Suez  for  buildings  and  their  repair, 
wharves,  storehouses^  quarters  for  employees,  telegraph  and  light 
keepers'  residences,  light-houses,  and  waterworks.  This  is  a  matter 
of  considerable  importance,  as  the  expenses  for  w^ater  supply  alone 
reaches  $170,000  annually  on  an  average.  The  cities  of  Port  Said, 
Ismailia,  and  Suez  have  to  be  supplied  with  water  brought  from 
the  Nile,  and  it  must  be  pumped  to  requisite  elevations,  permitting 
a  head  adequate  for  distribution.  .  At  Panama  there  is  a  surplus 
of  water,  and  the  cost  of  supplying  the  operating  staff  and  steam- 
ers will  be  very  small,  for  it  will  oe  a  gravity  supply.  The  total 
expense  at  Suez  for  buildings  of  all  kinds  and  water  supply 
reaches  $470,000  a  year.  At  Panama  it  should  not  exceed  $250,000, 
for  at  the  time  the  canal  is  opened  to  traffic  there  will  be  many  times 
:is  many  buildings  available  as  there  is  any  use  for. 

The  general  administrative  expenses,  including  legal  and  financial, 
cm  the  Isthmus  of  Suez  reaches  $98,000  yearly.  I  am  supposing  that 
at  Panama  it  will  be  about  the  same.  At  Suez  they  spend  annually 
$36,000  for  sanitary  service  and  hospitals.  This  cost  at  Panama 
should  not  exceed  $100,000.  The  Suez  general  offices  in  Paris  cost 
annually  for  salaries  of  all  kinds,  legal  advice,  financial  manage- 
ment, etc.,  the  large  sum  of  $220,000,  but  it  should  be  remembored 
that  the  Suez  Company  is  a  rich  corporation,  with  some  40  members 
composing  the  board  of  directors,  and  all  receive  salaries  or  allow- 
ances that  reach  a  large  total.  As  the  central  office  for  the  Panama 
Canal  should  be  a  branch  or  part  of  the  general  fiscal  administration 
.of  our  Government  there  should  be  no  charge  at  all  under  this  head. 

The  Chairman.  Is  Paris  the  headquarters  of  the  Suez  Canal? 

General  Davis.  Yes;  I  was  in  the  office  a  few  months  ago  when  I 
was  there  in  Paris. 
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Summarizing  these  remarks  respecting  expenses,  we  have  the  fol- 
lowing for  a  canal  of  sea  level : 

Maintenance  of  the  canal  channel,  Including  dredging  and  mainte- 
nance of  slopes $500,000 

Maintenance  and  operation  of  one  lock 100,000 

Transit  service  of  all  kinds 500,000 

Buildings  of  all  kinds  and  water  supply 250,000 

General  expense  on  the  Isthmus 100,000 

Sanitation  and  hospitals  on  the  Isthmus 100,000 

Total 1, 550, 000 

The  maintenance  of  channels  for  a  lock  canal  would  probably  cost 
less  than  for  one  at  sea  level,  but  the  transit  and  other  services  would 
be  about  the  same,  but  the  expense  for  maintaining  and  operating 
the  locks  would  be  very  much  greater.  If  this  expense  were  in  pro- 
portion to  the  total  lockage,  then  the  addition  for  locks  would  prob- 
ably reach  $800,000,  but  if  it  should  reach  the  sum  of  $159,000  for 
the  tide  lock,  as  suggested  as  possible  by  the  minority,  then  the  cor- 
responding item  for  their  six  locks,  each  with  8  feet  greater  average 
lift,  would  mount  up  to  $1,382,000  yearlv. 

Applying  one  of  the  minority  methods  of  calculating  lock  charges, 
based  on  a  percentage  of  their  cost,  the  total  of  the  sea-level  main- 
tenance would  reach  $1,609,000  and  the  lock  estimate  would  reach 
$2,732,000  yearly,  a  difference  of  over  a  million  dollars  a  year. 

For  the  lock  canal  the  estimate  of  expense  of  operation  and  main- 
tenance by  same  method  of  computation  would  stand  about  as 
follows : 

Maintenance  of  channels.  Including  dredging $400,000 

Maintenance  and  repair  of  locks 800,000 

Transit  service 500,000 

Buildings  of  all  kinds,  including  water  supply 250,000 

General  expense  on  the  Isthmus 100,000 

Sanitation  and  quarantine  on  the  Isthmus 100,000 

Total 2,150,000 

It  will  be  observed  that  nothing  is  included  for  the  government  of 
the  Canal  Zone  in  either  estimate,  as  this  is  considered  as  one  of  the 
general  expenses  of  the  government.  Its  cost  over  and  above  local 
revenues  may  reach  $100,000  a  year  after  the  canal  is  opened  and  will 
be  the  same  for  either  type.  It  should  not  exceed  this  figure.  The 
cost  last  year  for  Zone  government,  not  including  sanitation  and 
hospitals,  was — 

Executive  office |40,910 

Judiciary   17,888 

Attorneys*  office 2,082 

Police  department 71, 303 

Total 141, 183 

After  the  construction  work  stops,  the  population  diminishes,  and 
the  conditions  become  normal  the  Zone  government  will  become  a 
small  item  of  expense. 

The  Secretary  goes  on  to  say  that  either  type  of  canal  is  vulnerable, 
the  higher  level  the  more  so. 

Considerations  of  safety  and  protection,  fixedness  and  stability 
should  have  weight  almost  paramount  with  the  determination  of  type. 

All  agree  that  the  ideal  canal  is  a  wide  and  deep  passage  navigable 
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at  all  times,  day  or  night,  at  all  seasons,  and  in  all  weathers  by  all 
sorts  and  sizes  of  vessels. 

The  underwriters  now  ask  no  increased  premium  for  insurance  of 
vessels  and  cargoes  traversing  the  Suez  Canal  over  those  customarily 

faid  on  ordinary  marine  risks  by  same  vessels  navigating  the  oceans, 
think  that  is  a  very  important  consideration,  gentlemen.  If  there 
is  anything  certain  with  respect  to  underwriting  and  insurance  it  is 
that  the  property  or  the  life  must  pay  the  risk. 

If,  carrying  a  policy  in  an  insurance  company,  I  go  to  the  Tropics 
for  a  trip  or  to  live  there  I  have  to  pay  an  increased  premium,  be- 
cause they  consider  it  as  an  increased  risk.  If  a  vessel  proposes  to 
navigate  dangerous  seas,  specially  dangerous  ones,  where  there  are 
few  light-houses  and  not  much  known  aoout  the  hydrography,  where 
there  are  uncharted  rocks  and  that  sort  of  thing,  those  vessels  liave  to 
pay  an  increased  premium.  Now,  here  is  this  Suez  Canal,  asserted 
to  be  tortuous,  dangerous,  contracted.  Should  we  not  find  an  ex- 
pression of  that  in  Uie  underwriters'  risks?  It  seems  to  me  as  pal- 
pable as  anything  can  be.  But  it  is  not  there.  There  is  no  charge 
over  and  above  the  usual  charge  for  vessels  for  general  navigation 
for  traversing  the  Suez  Canal.  I  think  there  is  no  extra  charge  at 
the  Soo;  there  is  none  at  Manchester;  there  is  none  at  the  Kiel  C^nal. 
According  to  the  underwriters,  canal  navigation  is  counted  to  be 
attended  with  the  same  risks — ^no  greater,  no  less. 

Senator  Knox.  How  do  you  undertake  to  say,  if  a  vessel  is  insured 
from  Liverpool  to  Calcutta,  that  the  risk  in  passing  through  the 
Suez  Canal  is  not  taken  into  consideration  in  charging  for  the  insur- 
ance? 

General  Davis.  Because  the  underwriters'  charge  is  the  same 

Senator  Knox.  You  mean  either  by  going  around 

General  Davis.  By  going  around  by  the  Cape  of  Good  Hope  or 
through  the  canal ;  yes. 

Ships  of  all  sizes  up  to  560  feet  long,  78  feet  beam,  and  27  feet 
draft  are  now  passing  regularly  and  uninterruptedly  between  the 
Mediterranean  and  the  Red  seas,  and  please  take  notice  always  that 
there  are  but  15  commercial  vessels  in  existence  and  but  some  20  or 
30  war  vessels  existing  with  greater  dimensions  than  the  largest 
which  has  already  passed  Suez,  and  they  have  passed  Suez  in  seven- 
teen and  one-half  hours — that  is  to  say,  at  the  rate  of  10  kilometers 
an  hour,  or  6 J  miles. 

There  are  now  but  seven  commercial  vessels  under  the  American 
ila^,  and  no  naval  vessels,  unless  built  within  a  year,  that  can  not  now 
easily  make  the  104  miles  transit  at  Suez  in  a  maximum  of  eighteen 
hours.  Yet  the  minimum  width  is  but  108  feet  and  the  depth  but 
?>1  feet,  and  it  has  six  curves  of  less  radius  than  the  smallest  pro- 
posed by  the  majority  of  the  Board,  for  Panama.  When  the  widening 
and  deepening  now  in  progress  at  Suez  are  completed  that  canal  wiU 
be  twice  as  long,  somewhat  narrower,  and  much  shallower  than  the 
proposed  sea-level  American  canal  which  is  realizable  in  ten  or  twelve 
years  at  a  cost  of  $250,000,000.  It  will  afford  convenient  passage  to 
the  largest  existing  ship  in  a  maximum  of  ten  hours. 

Can  a  canal  possessing  such  characteristics  of  capacity,  stability, 
and  safety  be  justly  compared  with  one  whose  very  existence  depends 
upon  questionable  earth  dams,  and  these  to  permit  the  impounding 
of  water  to  feed  probably  inadequate  and  actually  obstructive  locks 
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wherein  the  world's  commerce  and  navies  are  to  be  lifted  and  lowered 
170  feet,  and  all  justified  on  the  plea  that  the  money  cost  will  be  a 
hundred  millions  or  so  less  and  the  time  of  construction  a  very  few 
years  less  than  for  the  other  which,  for  the  present  generation,  will 
be  a  broad,  open  channel  150  to  200  feet  wide,  and  for  flie  next  genera- 
tion will  be  300  feet  wide,  this  increase  to  be  attained  at  an  added  cost 
of  perhaps  $50,000,000  to  $90,000,000  ? 

We  may  well  concede  that  if  we  could  have  a  sea-level  canal  300  or 
400  feet  wide  it  would  be  preferable,  but  the  time  and  cost  of  con- 
Ftructing  it  are  in  effect  prohibitory.  The  Secretary  says  this  in 
effect  and  explains  that  it  is  the  arguments  of  the  minority,  showing 
the  results  of  the  use  of  locks,  the  greater  cost  in  time  ana  money  if 
these  devices  be  excluded,  and  the  dangers  of  the  narrow  and  con- 
tracted canal  prism  that  have  caused  him  to  change  his  opinion  and 
to  abandon  the  idea  of  the  sea-level  type  as  the  best  form. 

It  has  been  shown  that  the  plans  of  the  majority  will  insure  to  us 
a  canal  that  is  not  dangerous,  narrow%  or  contracted,  for  that  remark 
does  not  apply  to  existing  Suez,  which  is  much  longer,  narrower,  and 
shallower,  an&  has  more  abrupt  bends  than  the  one  proposed  by  the 
Board. 

It  is  the  opinion  of  very  able  engineers  that  the  cost  in  time,  which 
the  Secretary  puts  before  money,  will  be  but  slightly  more  ior  the 
channel  at  ocean  level  than  for  the  one  upheld  85  feet  a!bove  the  oceans 
bv  structures  that  have  been  pronounced  to  be  questionable,  vulner- 
able, and  obstructive  by  many  of  the  world's  ablest  engineers. 

It  is  certain  that  the  cost  in  money  of  the  simple  low-level  channel, 
in  which  every  existing  and  projected  vessel  would  find  convenient 
passage,  will  cost  some  tens  of  millions  more  than  the  complicated 
high-level  structure,  but  the  former  will  closely  approach  and  ulti- 
mately result  in  the  ideal,  simple,  natural  waterway  that  the  Secre- 
tary desires,  while  the  latter  will  stand  for  the  opposite  until  heroic 
measures  are  resorted  to  and  the  objectionable  structures  are  removed, 
for  the  idea  of  transformability  is  eliminated  by  the  minority. 

They  have  said  that  if  a  sea-level  canal  is  demanded  let  it  be  built 
at  once ;  if  the  lock  canal  is  built,  let  it  be  built  to  serve  for  a  very 
long  time. 

Senator  Kittredge.  What  have  you  in  mind  in  the  use  of  the  words 
'•  heroic  measures  ?  " 

General  Davis.  Cutting  out  these  locks  that  will  cost  $35,000,000, 
and  putting  them  on  the  scrap  heap. 

Senator  Kittredge.  Would  that  involve  delay  or  interference  with 
traffic? 

General  Davis.  Possibly  not.  I  think  it  would  be  possible  to  do  it 
without  any  great  delay — possibly.  That  word,  however,  has  a  very 
far-reaching  signification.  I  think  the  minority  say  somewhere — or 
some  of  the  gentlemen  of  the  minority  say  somewhere — ^about  con- 
structing a  third  lock  while  the  other  two  are  being  enlarged  or  being 
changed.     I  think  I  have  read  that  somewhere  in  the  testimony. 

The  Spooner  Act  contemplates  the  use  of  borrowed  money  m  meet- 
ing the  cost  of  this  great  work,  which  is  to  serve  the  present  and 
future  generations.  Our  posterity  w'ill,  as  they  should,  redeem  the 
obligations  incurred,  and  they  will  be  glad  to  do  so  if  we  ^ow  as  the 
proceeds  of  the  expenditure  a  monumental  and  complete  work  re- 
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auiring  only  moderate  charges  for  maintenance,  but  if  instead  we 
iiould  leave  as  the  proceeds  of  our  outlay,  their  inheritance,  a  struc- 
ture that  could  only  DC  transformed  by  its  obliteration,  then  the  finan- 
cial aspect  of  the  case  to  posterity  would  have  a  different  meaning. 

We  now  know  ^nd  all  agree  that  the  best  isthmian  canal  should 
have  certain  physical  features.  Nature  has  interposed  no  obstacles 
to  their  attainment  which  are  insuperable  if  measured  by  the  capacity 
of  our  engineers  and  contractors  and  national  resources. 

If  the  interest  charge  on  the  cost  of  the  canal  should  reach  six  or 
seven  millions  and  the  tonnage  and  revenue  should  equal  what  Suez 
has,  every  canal  bond  could  be  redeemed  in  twenty-five  years  from  the 
date  of  opening. 

Can  a  programme  that  involves  the  making  of  this  canal  in  ten  or 
twelve  years  at  a  cost  of  $250,000,000  be  considered  as  justifying  tiie 
observation  that  such  conditions  "  are  in  effect  prohibitory?  " 

Of  course  the  Secretary,  in  saying  that  in  substance,  was  speaking 
of  a  canal  three  or  four  hundred  feet  wide.  I  haven't  any  idea  at  all 
that  that  three  or  four  hundred  foot  wide  channel  will  iJe  demanded 
at  first.  The  canal  will  serve  its  purpose  for  many  years  with  the 
dimensions  proposed.  It  wiil  enable  our  commercial  vcvssels  and  our 
navie§  to  pass  and  repass  with  perfect  facility,  a  naval  fleet  of  battle 
ships  and  cruisers  half  a  mile  apart  can  go  through  that  canal  in 
constant  procession  and  average  six  or  seven  hours  in  the  canal. 
Of  course  we  will  clear  the  canal  for  such  a  thing  as  that  and  have 
nothing  to  obstruct  it.  If  we  had  at  Panama  to-day  the  present 
Suez  Canal,  you  gentlemen  would  not  be  in  session  to-day  or  this 
Board  of  Engineers  would  not  have  been  appointed.  The  American 
nation  would  be  delighted  to  have  even  that  channel — a  channel  108 
feet  wide  at  its  narrowest  place. 

Senator  Knox.  Wliat  is  the  average  width  of  the' Suez  Canal? 

General  Davis.  Its  minimum  wndth  is  108  feet  and  a  fraction. 
The  canal  has  been  widened  throughout  a  considerable  part  of  its 
extent  to  118  feet.  The  management  is  now  at  work  enlarging  it 
throughout  its  whole  extent  to  make  it  nearly  the  same  width  as  it 
now  is  in  the  turning  out  places.  The  width  in  those  places  is  147.6 
feet.  When  all  those  turning  out  places  shall  be  connected  together, 
as  they  will  be  in  a  few  years,  then  the  canal  will  be  147.6  feet  wide 
througout,  and  it  will  be  31.4  feet  deep.  That  is  the  ultimate  depth 
to  which  they  are  looking  at  present.  That  will  apply  throughout 
the  canal,  except  in  two  cases,  and  those  are  the  two  lakes.  One 
is  Timsah,  where  the  canal,  coming  up  from  the  Mediterranean  en- 
ters the  lake  and  then  turns  a  right  angle  almost  immediately  on  a 
curve  with  a  radius  of  about  4,000  feet;  it  turns  over  90°  at  that 
one  spot,  but  the  lake  is  deep,  it  is  nearly  deep  enough  to  accommo- 
date this  proposed  depth.  They  have  (fredged  Lake  Timsah,  how- 
ever, to  get  the  full  depth,  and  will  have  to  dredge  still  more  to  get 
the  34  feet.  That  will  not  be  difficult.  There  is  a  wide  place — I 
suppose  three  or  four  thousand  feet — and  the  next  place  is  Bitter 
Lake,  which  is  9.38  miles  long,  and  it  has  two  changes  of  direction 
in  it,  but  it  is  lake  navigation.  It  has  resulted  from  the  filling  up  of 
this  ancient  basin  by  the  salt  water  from  the  Mediterranean  or  Ked 
Sea.     I  think  that  answers  your  question. 

Senator  Knox.  Yes ;  very  fully. 
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General  Davis.  The  approaches  for  the  Suez  entrance  are  wider. 
I  have  forgotten  how  much,  but  I  think  500  feet  You  might  say 
they  have  two  harbors 

Senator  Morgan.  Are  there  any  gates  at  either  of  the  harbors? 

General  Davis.  None  at  all;  no,  sir. 

Senator  Morgan.  The  tide  rises  7  feet,  I  believe. 

General  Davis.  Between  7  and  8  feet. 

Senator  Morgan.  In  the  Mediterranean  ? 

General  Davis.  No;  in  the  Red  Sea. 

Senator  Morgan.  How  much  in  the  Mediterranean  ? 

General  Davis.  About  2  or  3  feet;  something  like  the  tide  in 
Limon  Bav.  I  arrived  at  Suez  in  the  night,  and  at  daylight  in  the 
morning  there  were  half  a  dozen  vessels  anchored  there  ready  to  go 
on.  A  tug  came  along  with  a  lighter  and  inauired  whether  we  had 
an  electric  lighting  apparatus  on  ooard.  We  nad;  it  was  a  Govern- 
ment transport.  Thev  then  took  out  of  their  lighter  a  square  box 
6  or  7  feet  square  and  hoisted  it  to  the  bow  and  made  it  fast  to  the 
stem  of  the  ship  and  about  5  or  6  feet  above  the  water.  In  it  was  a 
man  sitting  on  a  stool.  In  front  of  him  was  a  searchlight,  and  he 
was  connected  with  the  pilot  on  the  bridge  by  signals.  When  our 
turn  came  we  were  given  a  number,  and  a  large  piece  of  canva^  bear- 
ing the  number  in  large  black  figures  was  hung  over  the  ship'  on  each 
side  and  we  started  into  the  canal,  I  should  say  about  half  a  mile  be- 
hind the  ship  ahead  of  us  and  half  a  mile  behind  us  was  another  ves- 
sel, and  in  that  way  we  went  on  through.  The  signals  were  made 
that  we  were  coming.  They  knew  our  number  at  the  telegraph  sta- 
tions. They  could  see  it  hanging  over  the  side  of  the  ship.  Those 
big  letters  were  10  feet  long.  The  manager,  like  a  train  dispatcher, 
directed  that  such  a  vessel  come  into  a  turning-out  place  and  that  ours 
could  proceed,  or  that  ours  should  go  into  a  turning-out  place  and 
another  vessel  should  pass,  just  as  the  case  might  be,  and  so  they  went 
on  through,  night  and  day. 

Ninety-seven  per  cent  of  all  the  vessels  traversing  the  Suez  njpve 
just  the  same  at  night  as  in  the  daytime.  There  is  no  difference. 
They  have  such  a  system  of  electric  lighting  that  there  is  no  trouble. 
If  a  vessel  comes  without  its  own  electric-light  plant  a  little  donkey 
engine  is  put  on  the  deck,  and  that  donkey  engine  moves  a  dynamo 
that  supplies  electricity,  and  when  the  ship  gets  to  the  end  of  the  canal 
they  take  off  the  donkey  engine  and  tate  off  the  dynamo,  and  the 
ship  goes  on  her  way.     It  is  a  perfectly  simple  thing. 

Port  Said,  as  you  know,  is  a  great  coaling  station.  Almost  every 
vessel  takes  coal  there.  At  Suez,  the  Red  Sea  entrance,  no  coaling 
is  done.  And  so  with  the  Panama  Canal,  at  Colon  will  be  the  coal- 
ing station.  Panama  will  never  be  a  coaling  station.  Coal  is  oc- 
casionally brought  to  Panama  from  Australia.  Australia  has  a  verv 
good  coal;  indeed,  much  better  than  any  Japanese  coal,  and  much 
better  than  any  of  our  own  coal  on  the  west  coast.  Some  of  the 
Australian  coal  rates  pretty  close  to  our  Pocahontas  coal — pretty  near 
it.  While  I  was  at  Panama  there  was  a  sailing  vessel  of  3,000  or 
4,000  tons  that  came  from  Sidney  with  a  cargo  of  coal  for  the  Pacific 
Mail  Steamship  Company  and  lay  there  until  her  cargo  was  taken  out 
by  lighter,  and  then  she  went  on  her  way. 
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INCREASING  SIZE  OF  SHIPS. 


A  study  of  the  Suez  statistics  throws  much  light  upon  this  subject, 
for  the  average  size  of  the  vessels  using  this — ^the  largest  and  most 
important  maritime  waterway  in  the  world — is  constantly  growing, 
as  may  be  seen  from  the  following  tabulation  derived  from  Senate 
Document  20,  Fifty-eighth  Congress,  first  session : 


Year. 


Number  of 
vessels. 


1870 1  486 

1875 ,  1,194 

1880 2,026 

1886 {..  3,624 

1890 ,  3,889 

1895 1  3,434 

1900 3,441 

1906 1  4.116 


Gross 
tonnage. 


654.915 
2,940,708 
4,344,519 
8,985,411 
9,749,129 
11,833,637 
13,699,237 
18,000,000 


Net 
tonnage. 


436,609  I 
2,009,984 
3,057,421 
6.335,752 
6,890,094 
8,448,383 
9,788,152 
13,000,000 


Meannetl,^«/,«;^t 
tonnage         5"!^' 


898 
1,345 

1  509 
1,748 

2  033 
2,460 
2,830 
3.149 


44.8 
11.6 
15.8 
16.8 
18.3 
17.9 
11.  a 


If  increase  in  size  of  ships  navigating  this  canal  continues  to  aug- 
ment at  the  same  rate  as  for  ^he  last  ten  years,  which  is  28  per  cent, 
then  the  average  of  Suez  vessels  in  1915  will  be  4,225  tons,  and  for 
1925  will  be  5,524  tons. 

But  these  statistics  show  something  more,  which  is  the  increasing 
use  of  the  canal  by  large  ships. 

In  1890  the  number  of  vessels  passing  drawing  more  than  24.6 
feet  was  145,  while  in  1895  there  were  228,  or  an  increase  in  five  years 
of  57  per  cent.  Again,  in  the  same  period  the  number  passing  in  1890 
of  over  25.3  feet  draft  was  44,  while  five  years  later  it  was  85,  show- 
ing a  gain  of  over  93  per  cent  in  the  size  of  the  users.  We  thus  see 
that  the  draft,  and  therefore  the  tonnage  of  the  24.6- foot  vessels  ply- 
ing the  Suez  route,  is  increasing  more  tnan  three  times  faster  and  the 
25.3  vessels  over  five  times  faster  than  the  average  augmentation. 

The  reason  why  the  Suez  management  are  continually  increasing 
the  transit  capacity  of  this  waterway  is  thus  made  very  manifest. 
These  shrewd  business  men  see  plainly  that  their  canal  will  become 
a  second-class  route  unless  it  is  enlarged.  It  requires  no  prophetic 
vision  to  see  that  the  Suez  Canal  by  1950  will  have  a  channel  40  feet 
deep,  300  feet  wide,  and  with  curves  flattened  to  minimum  radii  of 
10,000  feet,  and  can  we  doubt  that  Panama  will  have  the  same  or 
greater  dimensions?  With  equal  prism  and  curvature,  it  will  be 
much  more  convenient,  because  only  half  as  long. 

•Now,  as  respects  the  financial  side  of  Suez,  and  as  concerns  these 
figures  of  estimates,  cost  and  maintenance.  I  would  say  that  the  dati 
I  have  is  derived  from  certain  telegrams  or  from  a  certain  telegraphic 
correspondence  which  was  had  in  the  month  of  March,  the  present 
month,  with  Mr.  Quellennec,  who  was  a  member  of  this  Board  of 
Consulting  Engineers,  and  who  is  the  chief  engineer  of  the  Suez  Canal. 
The  telegraphic  correspondence  was  conducted  by  Mr.  Shonts,  the 
chairman  of  the  Commission,  at  my  suggestion,  and  the  answers  are 
all  sent  to  Mr.  ShontvS,  and  I  have  the  originals  in  my  hand.  It  is 
perhaps  not  necessary  to  read  them  all  now,  because  I  have  tabulated 
what  they  say  in  a  paper  here  which  has  been  used  by  myself  in  pre- 
paring the  arguments  I  have  laid  before  you  respecting  maintenance. 
There  is  one  item  that  has  been  referred  to  there,  and  which  is  a  verv 


822  INVESTIGATION   OF   PANAMA  CANAL   MATTEKS. 

important  one,  as  applying  to  the  whole  problem  of  the  Panama 
Canal  or  any  other  interoceanic  canal.' 

The  Chairman.  Are  those  telegrams  long? 

General  Davis.  Not  very  long. 

The  Chairman.  Then  they  might  go  in  the  record. 

General  Davis.  I  will  be  glad  to  insert  them. 

The  Chairman.  There  is  no  objection  to  it? 

General  Davis.  No,  sir.  They  were  sent  at  my  request  by  Mr. 
Shonts,  who  very  courteously  attended  to  the  correspondence  for 
me,  and  they  have  been  sent  to  me,  and  I  see  no  reason  why  they 
should  not  be  printed  as  part  of  the  record. 

The  telegrams  referred  to  are  as  follows : 

[Cablegram.] 

Isthmian  Canal  Affairs, 

Office  of  Administration, 

Washingtonj  D.  C.^  March  ff,  1906. 

QUELLENNEC, 

Suez  Canal,  Paris: 
General  Davis  would  be  greatly  obliged  for  telegraphic  informa- 
tion respecting  Suez.  Average  costs  last  three  years :  First,  perma- 
nent improvements,  like  widening,  deepening,  etc;  second,  mainte- 
nance and  operation,  including  repairs,  renewals,  dredging  (total 
cubic  meters) ;  third,  separate  figures  of  cost,  maintenance,  mS  opera- 
tion of  all  turn-outs,  including  services,  equipment,  repairs,  giving 
number  of  turn-outs.    Please  reply  collect. 

Shonts. 


[Cablegram.] 

Paris,  March  9 — 8.  67  a,  m. 
Shonts,  Washington: 

Average  annual  expenses  Suez  Canal  last  three  years:  First,  per- 
manent improvements,  3,836,000  francs,  including  repairs;  2,620,000 
cubic  meters  excavated  in  dry  or  by  dredging.  Second,  maintenance, 
3,410,000  francs,  including  repairs;  2,610,000  cubic  meters  dry  and 
dredging  operation,  3,117,000  francs,  including  repairs;  renewals, 
1,500,000  francs;  buildings  and  waterworks  maintenance  and  opera- 
tion, including  repairs,  850,000  francs.  Please  explain  exact  mean- 
ing of  word  "  turn-outs." 

QnELL£KNEC. 

[Cablegram.] 

Isthmian  Canal  Affairs, 

Office  of  Administration, 

Washington,  D.  C,  March  9, 1906. 
Quellennec, 

Suez  Canal  J  Paris: 
General  Davis  requests  I  wire  you  as  follows  : 
"  Tum-outeaAl  mean  sidings.    Information  Davis  desires  to  answer 
criticisms  th)    cost  maintenance  of  siding  for  sea-level  canal  would 
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be  large  item.  Your  answer  understood  to  mean  that  all  permanent 
improvements,  including  excavations,  cost  three  million  eight  hun- 
dred thirty-six  thousand  francs,  and  all  maintenance,  ixicluding 
dredging,  etc.,  repairs,  renewals,  buildings,  waterworks,  and  their 
operation  reached  total  of  eight  million  seven  hundred  seventy-seven 
thousand  francs.  How  much,  if  any,  part  this  last  amount  should 
be  charged  to  permanent  improvements* 

Shonts.. 


[Cablegram.] 

Paris,  March  13 — 9.10  a.  m, 
Shonts,  Washington: 

No  particular  expense  of  maintenance  operation  for  turn-outs  other 
than  those  respectmg  signal  and  telegraph  stations  with  which  ten 
turn-outs  out  of  twenty-three  are  provided  by  such  stations,  opera- 
tion of  which  costs  annually  about  three  hundred  thousand  francs, 
would  be  necessary  even  if  there  were  no  turn-outs.  Turn-outs  are 
no  cause  of  expense  neither  for  company  nor  for  ships.  Mooring  of 
ships  to  let  others  pass  entails  but  a  delay  of  one  hour  and  half  on 
the  whole  time  of  passage  of  seventeen  hours.  Three  million  eight 
hundred  thirty-six  thousand  francs  is  total  cost  of  permanent  mi- 
provements,  including  all  kind  of  works,  especially  dredging  in  soft 
and  rocky  material,  repairs,  etc.;  also  engineering  employees,  etc. 
Eight  million  eight  hundred  seventy-seven  thousand  francs  is  total 
cost  of  maintenance  and  operation;  namely,  first,  five  million  seven 
hundred  sixty  thousand  francs  for  maintenance,  including  all  land  of 
works,  especially  dredging,  repairs,  renewals,  buildings,  waterworks, 
and  their  operations,  also  engineering  employees,  etc. ;  second,  three 
million  one  hundred  seventeen  thousand  francs  for  operations  of 
canal.  In  other  words,  for  transit  of  ships,  including  pilots,  tele- 
graph, signals,  launches,  tugs,  operations,  and  repairs  oi  the  same, 
measurement  of  ships,  also  marine  oflScials,  employees,  etc.  Besides 
these  expenses  there  are,  moreover,  general  expenses  as  follows:  In 
Egypt,  for  representative  of  company,  financial  service,  legal  depart- 
ment, etc.,  four  hundred  ninety  thousand  francs,  and  for  sanitary 
service  one  hundred  eiffhty-eight  thousand  francs;  at  Paris,  for  direc- 
tion financial  service,  legal  and  accounting  department,  one  million 
one  hundred  thirty-four  thousand  francs.  No  part  of  cost  of  main- 
tenance to  be  charged  to  permanent  improvements,  discrimination 
being  already  made  in  accoimts. 

QUELLBNNEC. 

[Telegram.] 

Isthmian  Canal  Apfairs, 

Opficb  op  Administration, 
Washington^  D.  <7.,  March  16^  1906. 
QuELLENBC,  Sucz  Conol^  Paris: 

Cable  names,  dimensions,  draft,  three  largest  vessels  passing  Suez 
since  nineteen  four.  Do  largest  ships  move  at  night,  and  their  aver- 
age time  transit?  What  was  total  number  vessels  with  gross  and  net 
tonnage  passing  nineteen  five. 

Shonts. 
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^  [Cablegram.] 

Paris,  March  17 — 9X)7  a.  m. 
Shonts,  Washington: 

Grosser  Kurfurst^  560  feet  long,  62  broad,  26  feet  3  inches  draft. 
Good  Hope,  520  long,  78  broad,  26  feet  3.  Terrible^  539  long,  72 
broad,  26  feet  3.  Largest  vessels  can  move  at  night,  their  avei'age 
time  transit  almost  same  as  average  transit  all  vessels,  which  was  17 
hours  41  minutes  in  1905.  Total  number  vessels  passed,  4,11C ;  gross 
18  million  tons,  net  13  millions. 

Qurllennec. 


I  have  a  memorandum  here,  "  Suez  Canal,  cost  of  enlargements, 
maintenance,  and  operation,  average  per  annum  for  last  three  years— 
1903, 1904,  and  1905." 

Permanent  improvements,  which  have  been  going  on  almost  ever 
since  the  canal  was  opened,  during  these  three  years  are  described  as 
respects  their  cost  by  this  remark:  Consisting  of  widening,  deepen- 
ing, and  so  forth,  which  includes  2,620,000  cubic  meters- -equal  to 
3,426,960  cubic  yards — of  excavations  in  earth  and  rock,  excavations 
by  dredges  and  other  methods,  including  excavation  of  rock  under 
water,  engineering  labor,  and  so  forth ;  total  expenditure  per  annum, 
3,836,000  francs,  equaling  $767,000. 

Senator  Dryden.  That  is  not  charged  to  the  cost  of  the  canal  ? 

General  Davis.  No;  although  it  is  in  our  railroad  parlance  a  bet- 
terment, and  is  a  legitimate  charge  against  the  property,  for  of 
course  the  property  is  worth  that  much  more.  But  here,  instead  of 
floating  bonds  and  raising  that  much  money  on  loans,  for  this  work 
they  take  it  out  of  their  earnings,  and  that  amount  for  the  last  three 
years  was  $767,000  annually.  That  will  be  completed  some  day  and 
then  it  will  be  a  question  of  whether  still  further  enlargements  may 
not  be  necessary ;  but  so  far  as  we  now  know  their  programme  only 
consists  of  connecting  up  these  existing  passing  places  and  deepening 
the  canal  to  34.4  feet. 

The  next  item  is  maintenance  and  operation,  which  includes  dredg- 
ing to  maintain  channel,  amounting  to  2,610,000  cubic  meters,  or 
3,413,880  cubic  yards.  Also  renewals,  repairs,  buildings,  waterworks 
with  their  operation;  also  engineering  employees,  as  follows: 

Dredging,  repairs  and  renewals,  3,410,000  francs,  or  $682,000. 
Buildings  and  their  repairs,  including  waterworks  and  maintenance, 
2,350,000  francs,  or  $470,000.  Transit,  which  includes  pilots,  tele- 
graph, telephone,  lighting,  launches,  tugs,  operation  and  repairs, 
measurement  of  ships,  marine  officials,  3,117,000  francs,  or  $623,000. 
General  expenses,  including  representatives  near  Egyptian  Govern- 
ment, financial  service,  le^al  department  in  Egypt,  490,000  francs, 
or  $98,000.  Sanitary  service,  180,000  francs,  or  $36,000.  Expenses 
in  Paris,  financial,  legal,  and  accounting,  1,134,000  francs,  or  $226,- 
800.  For  all  expenses  connected  with  betterments  and  maintenance 
find  operation,  administration,  and  so  forth 

Senator  Morgan.  Since  the  canal  was  first  opened? 

General  Davis.  No;  the  average  for  the  last  three  years.    The 
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total  transit  receipts  for  1903 — that  is  the  last  year  for  which  I  have 
any  figures— were  $20,121,680. 

Now,  deduct  all  expenses  as  above,  $2,902,800,  leaving  a  net  total 
of  $17,218,880. 

Now,  the  dividend  paid  last  jear  on  the  Suez  shares  was  125  francs 
on  a  600-franc  share.  That  is,  it  was  25  per  cent  of  the  original 
capital  invested.  The  Canal  pays  for  itself  every  four  years.  The 
600-franc  shares  are  now  selling  for  4,000  francs. 

Senator  Knox.  What  is  the  capital  now  ? 

General  Davis.  The  original  capital  was.  400,000  shares  at  500 
francs. 

Senator  Knox.  What  is  the  capital  now  ? 

General  Davis.  The  original  was  400,000  shares  at  500  francs — that 
is,  it  was  40,000,000  dollars.  . 

Senator  Knox.  Is  that  the  capital  now  ? 

General  Davis.  That  has  been  increased.  In  the  earlier  years  the 
enterprise  had  to  struggle  for  existence;  it  had  a  lot  of  enemies,  one 
of  the  strongest  being  the  Government  of  Great  Britain;  they  put 
every  obstacle  in  the  way,  and  that  continued;  it  did  not  pay  ex- 
penses at  first.  But  pretty  soon  they  saw  it  was  going  to  be  a  winner, 
and  then  Disraeli,  who  was  a  wise  man,  looking  ahead,  without 
authoritv  from  Parliament,  without  authority  from  anybody,  went 
in  and  bought  out  the  Khedive's  interest  in  the  canal,  which  was 
162,600  shares  of  that  stock,  which  had  been  originally  assigned  to 
the  Khedive.  They  paid  a  little  less  than  £4,000,000  for  those  shares. 
Those  shares  to-day  are  worth  £25,000,000,  and  can  be  sold  for  that  at 
any  time.  When  they  had  their  troubles  in  the  beginning  and  the 
rates  were  high,  10  francs  a  ton  and  10  francs  on  a  passenger,  the 
shippers  resisted  those  charges  and  made  claim  to  the  Government 
of  England,  represented  what  a  tax  this  was  imposed  upon  shipping, 
how  tne  canal  could  be  duplicated  for  $40,000,000,  and  then  they 
l)rought  out  a  project  to  make  a  lock  canal  from  Alexandria  to  Cairo 
and  from  there  to  the  Red  Sea.  They  proposed  to  lock  up  20  or  30 
or  40  feet.  I  have  forgotten  how  much.  That  enterprise  was  agitated 
a  good  deal  and  it  alarmed  the  Suez  people. 

A  conference  was  had  between  the  owners  of  the  Suez  Canal  and 
the  shippers,  the  English  shippers  principally,  as  to  whether  it  could 
establish  some  kind  of  a  compromise,  which  they  did.  It  was  then 
agreed  that  when  the  canal's  shares  should  pay  a  certain  dividend, 
wnich  it  looked  as  if  they  were  going  to  pay  then,  because  the  trend 
was  upward,  after  that  a  certain  proportion  of  this  dividend  should 
be  divided  between  the  investors,  tnat  is,  the  property  owners,  and  the 
shippers,  and  under  that  agreement  the  tolls  nave  been  reduced.  The 
first  reduction  was  to  9  francs,  from  10  francs;  the  second  reduction 
was  to  8.5  francs,  and  then  they  were  reduced  to  8  francs.  And  it 
was  provided  in  this  convention  that  when  the  shares  should  pay  25 
per  cent  dividend  then  the  rate  of  division  of  this  profit  shoulcl  be 
still  larger  in  favor  of  the  shippers.  So  that  on  the  1st  of  January 
last  the  tonnage  charge  on  the  Suez  transit  was  7.75  francs.  Whether 
tiat  applies  to  the  passenger  charge  or  not  I  don't  know.  I  did  not 
ask  the  question  and  did  not  find  out,  but  they  are  cutting  down 
the  tonnage  charge  regularly  and  still  they  are  paying  for  the  canal 
every  four  years. 
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Senator  Dryden.  Did  the  Khedive  pay  anything  for  his  shares? 

General  Davis.  Oh,  yes ;  he  put  up  money  lor  them. 

Senator  Dryden.  The  same  as  tie  others? 

Greneral  Da\i8.  Yes. 

Senator  Ankexy.  Referring  to  these  extensions  and  betterments 
on  the  Suez  Canal,  that  you  speak  of,  was  there  any  suspension  or 
delay  of  traffic  while  that  was  going  on  ? 

General  Davis.  Never  for  an  hour. 

Senator  Ankeny.  And  might  not  a  sea-level  canal  at  Panama  be 
widened,  if  the  necessity  ever  arose,  without  disturbing  traffic  at  all? 

General  Davis.  Yes;  just  as  certainlv. 

Senator  Morgan.  There  was  a  time  iuring  the  siege  of  Alexandria 
when  Great  Britain  stopped  traffic  through  me  Suez  Canal. 

General  Da\i8.  Oh,  yes. 

Senator  Morgan.  Although  Great  Britain  was  a  minority  stock- 
holder. 

General  Davis.  Oh,  yes ;  that  was  done.  There  has  not  been  a  day 
since  the  Suez  Canal  was  opened  that  something  has  not  been  done 
to  improve  it — that  is,  improvement  has  been  going  on  all  the  time. 

Senator  Ankeny.  I  mean  these  extensions  or  modifications  of  the 
curvatures,  or  whatever  you  call  it,  goes  on  without  disturbance  of 
traffic? 

General  Davis.  Yes;  without  any  disturbance.  I  think  I  saw  six 
or  seven  dredges  at  work  when  I  came  through  the  canal,  and  that 
goes  on  all  the  time. 

Senator  Ankeny.  In  your  estimates  there  of  those  cubic  yards, 
what  difference  do 'you  make  between  dry  work  and  the  wet  work? 
The  point  I  want  to  make  is,  Will  not  this  wet  work  cost  a  great  deal 
more  mon^  than  we  are  prepared  for  ? 

General  t)Avis.  I  am  glad  you  asked  that  question,  and  I  think  I 
can  give  you  some  light  on  it.  The  Board  of  jEngineers,  considering 
that  matter  as  applied  to  Panama  and  especially  as  applied  to  the 
sea-level  proposition,  agreed — ^the  whole  Board  agreed  to  this — ^that 
these  unit  prices  were,  aggregated,  80  cents. 

Senator  Ankeny.  Otherwise  the  work  was  below  water? 

General  Davis.  Yes.  I  was  going  to  explain.  Eighty  cents  for 
the  above  work  plus  10,  and  $1.25  below  plus  10.  The  difference  be- 
tween 80  and  125,  or  46,  is  supposed  to  be  required  for  three  pur- 
poses, and  those  three  are  the  following:  Water  will  get  into  tnese 
deep  pits  in  the  Culebra;  evidently  it  will.  It  will  come  in  from 
the  s^ ;  it  wiU  come  in  by  trickling  down  the  banks ;  it  will  not  prob- 
ably come  in  from  below  up,  because^  so  far  as  we  have  discovered 
in  the  Culebra  to-day  with  all  our  boring,  we  do  not  find  any  flowing 
water  from  the  bottom;  we  do  not  find  that  there  are  any  flowing 
springs  in  the  bottom  of  the  Culebra,  and  the  only  water  that  comes 
in  there  is  the  water  trickling  down  from  the  banks. 

Senator  Ankeny.  Practically  surface  water? 

General  Davis.  Yes ;  seeping  out  of  this  soft  material  on  the  top 
and  falling  down  into  the  canal;  and  then  when  they  have  a  very  big 
rain  that  water  runs  off  the  slopes  and  that  runs  into  the  canal.  It  was 
considered  that  pumps  would  be  necessarj^  to  take  that  water  out^ 
very  simple  proposition,  for  there  is  nothing  cheaper  than  pumping 
water  with  those  great  centrifugal  pumps,  pumping  out  a  2-foot 
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stream,  or,  as  Mr.  Wallace  said,  he  could  pump  the  whole  low  water 
flow  01  the  Chagres  out  of  the  bed  at  small  expense  if  he  wanted  to. 
That  is  one  of  the  items  included  in  this  adaition  of  45  to  the  80 
cents.  Another  is  that  you  must  haul  that  material  uphill ;  that  is  to 
say,  it  has  got  to  be  deposited  on  levels  higher  than  where  it  came 
from. 

Senator  Ankeny.  It  is  mostly  rock? 

General  Davis.  Yes;  but  it  has  got  to  go  upgrade;  it  has  to  go  up 
those  40  feet.  Those  are  two  reasons  why  that  46  was  added.  The 
third  reason  is  because  when  you  get  down  into  this  narrow  channel 
your  space  is  contracted  and  you  haven't  room  to  straighten  as  you 
would  higher  up.  So  those  are  the  three  reasons  for  a  higher  cost 
below  +  10.  Tney  added  46  cents  to  the  estimated  cost  of  the  work 
above.  There  is  an  explanation,  I  think,  which  may  answer  your 
question. 

Senator  Ankeny.  It  is  very  clear,  sir. 

General  Davis.  With  respect  to  this  statement  which  I  read,  there 
is  only  one  other  thing  to  which  I  wish  to  call  attention  for  which 
authority  is  found  in  these  telegrams.  The  company  states  that 
maintenance  of  turn-outs  or  sidings,  of  which  there  are  23 — ^ten  pro- 
vided with  telegraphic  service — costs  nothing  additional,  as  the 
service  would  be  required  if  there  were  no  sidings,  but  actual  exi)ense 
for  sidings  is  about  $60,000,  which  is  included  in  cost  of  transit  as 
above,  and  that  is  the  fi^re  which  I  use  deducted  from  this  experi- 
ence that  the  seven  sidings  at  Panama  would  cost  $15,000  a  year. 
The  imi)ortant  statement  is  also  made  that  the  whole  time  of  deten- 
tion in  sidings  due  to  the  mooring  of  ships  entails  a  total  delay  of  one 
hour  and  a  half  on  the  whole  time  of  passage,  which  averaged  seven- 
teen hours  forty-one  minutes  per  vessel  in  1905.  Largest  vessels  pro- 
ceed at  night  and  make  same  average  time  as  other  vessels.  That  is 
the  official  statement.  Now,  as  respects  some  of  the  ships  that  have 
passed  through  the  Suez  Canal.  I  could  make  a  very  long  list,  but  a 
short  one  will  serve  every  purpose.    Here  are  some  data. 

In  1894  the  Grosser  Kurfurst^  560.5  feet  in  length,  with  a  beam  of 
62.33  feet  and  a  draft  of  26.18  feet  and  a  tonnage  of  13,000  gross 
tons,  passed  through  that  canal  for  the  first  time,  and  since  then  has 
been  through  it  a  half  a  dozen  times. 

Senator  Kittredge.  What  time  did  she  make  in  going  through? 

General  Davis.  The  same  as  smaller  vessels,  I  understand.  The 
statement  is  that  the  large  vessels  go  through  just  as  readily  as  the 
small  ones.    This  is  what  this  official  says : 

"  Largest  vessels  proceed  at  night  and  make  same  average  time  as 
other  vessels." 

I  can  not  answer  specificallv  as  to  this  particular  vessel,  but  she  is 
on  the  regular  trade — on  the  North  German  Lloyds  line  to  China — 
and  she  has  been  going  through  regularly. 

Senator  Ankeny.  One  hundred  and  five  miles  in  seventeen  hours? 

General  Davis.  Yes ;  that  is  the  average  time  for  1905. 

The  Chairman.  Is  that  the  largest  ship  that  has  passed  through? 

General  Davis.  No;  there  are  several  lar^r  that  have  passed 
through.  In  1904  the  British  ship  Terrible^  length  500  feet,  beam 
71  feet,  draft  26.24  feet,  tonnage  14,440  tons'  displacement,  a  British 
armored  cruiser,  passed  through  the  canal  in  the  regular  time.  In 
1902  the  Mikasa^  Japanese  battle  ship,  which  went  through  the  Japa- 
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nese-Bussian  war  and  was  finally  sunk,  482  feet  in  length,  76  feet 
beam,  26.24  feet  draft,  and  displacement  of  15,200  tons.  She  was 
built  at  the  Cramp  shipyard,  and  on  going  out  to  be  delivered  passed 
out  through  Suez. 

In  1902  the  North  German  Lloyd  ship  Barharosaa^  526.24  feet  in 
length,  60  feet  beam,  25.59  feet  draft,  and  10.915  gross  tons,  passed 
through  the  canal,  and  has  passed  frequently  since  then.  She  is 
running  in  the  North  German  LJoyd  China  service. 

In  1904  the  British  protected  cruiser  Victoricyus^  390  feet  in  length, 
75  feet  beam,  25.59  feet  draft,  and  14,900  tons  displacement,  passed 
through  the  canal. 

Senator  Ankeny.  Is  that  the  one  that  collided  with  the  Camper- 
down? 

General  Davm.  No  ;  I  think  that  was  the  Victoria  or  the  Victory. 
She  was  sunk. 

Senator  Ankeny.  I  was  only  getting  the  size  in  my  mind. 

General  Davis.  I  ttiink  that  is  another  boat,  the  Victoria,  In  1905 
the  Britidi  armored  cruiser  Good  Hope^  530  feet  feet  in  length,  78 
feet  beam,  26.25  feet  draft  passed  through  the  canal.  In  1900  the 
American  battle  ^tai^Kentucky^  376  feet  long,  72i  feet  beiun,  and  26 
feet  draft,  also  the  jBritish  battle  ship  Glory ^  418  feet  long,  74  feet 
beam,  and  26  feet  draft,  both  passed.  There  are  eight  ships.  I  sup- 
pose I  could  extend  that  to  50,  but  that  is  enough  to  show  that  here 
these  ships  can  pass  and  that  the  canal  is  adapted  to  vessels  of  tiiat 
size.  There  is  not  a  single  American  war  vessel,  unless  she  has  been 
put  in  commision  this  year,  that  can  not  go  through  the  Suez  Canal 
to-da^,  not  a  single  one,  and  there  are  only  six  vessds  under  the 
American  fla^  that  can  not  go  through.*  They  are  the  Mongolia^ 
the  Manchuria^  the  Minnesota^  the  Dakota^  the  Kroordandy  the 
Findland.  They  have  a  little  more  length  than  any  ship  that  has 
gone  through  Suez. 

Senator  Knox.  What  point  is  this  data  intended  to  establish? 

General  Davis.  The  fact  that  this  canal  proposed  by  this  Board, 
which  is  much  longer  than  Suez,  is  not  tortuous  and  dangerous  ana 
inconvenient ;  that  is  the  purpose. 

Senator  Knox.  I  didn^t  have  the  advantage  of  hearing  you  this 
morning. 

General  Davis.  I  am  sorry  you  did  not. 

Senator  Knox.  So  am  I,  very  sorry. 

General  Davis.  I  am  reviewing,  at  the  request  of  Secretary  Taft, 
his  letter  transmitting  this  report.  He  asked  me  to  say  to  you  all  that 
he  would  be  glad  to  have  me  feel  perfectly  free.  This  sketch  shows 
the  shortest,  steepest,  most  abrupt  curve  in  the  sea-level  plan. 

Senator  Knox.  On  what  scale  is  that? 

General  Davis.  One  twelve-hundredth.  That  is  a  proportion  scale. 
That  doesn't  mean  very  much,  but  that  width  of  channel  is  200  feet 
It  so  happens  that  the  four  curves  of  8,200  feet  radius  are  all  in  that 
part  of  the  canal  which  has  a  200-foot  bottom  width.  This  represents 
the  200- foot  bottom-width  curve. 

Senator  Morgan.  What  part  of  the  canal? 

General  Davis.  Somewhere  near  Obispo — ^yes;  that  one  is  right  at 
Obispo  [indicating^.  That  shows  a  ship  in  that  canal  622  feet  long, 
and  that  is  drawn  m  plan  on  the  same  scale,  and  passing  that  ship 
you  will  see  the  lines  of  a  smaller  vessel,  360  feet  long.    It  has  been 
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said  that  these  curves  are  too  abrupt,  too  sharp,  that  they  can  not 
make  the  turn.  I  want  to  say  something  about  that.  A  few  years 
ago  there  met  in  the  United  States  what  is  called  the  Deep  Water- 
ways Commision,  which  was  appointed  by  our  Government.  Mr. 
Noble  was  one  of  the  engineers  that  sat  on  that  commission.  They 
discussed  a  great  many  questions  about  depth  of  channels  and  loclcs 
and  curves  and  prisms  and  so  forth,  and  they  laid  down  a  general 
proposition  that  curves  for  a  canal,  if  they  were  of  10,000  feet  radius 
and  of  due  proportion  of  width,  would  be  satisfactory — that  is,  a 
curve  of  10,000  leet  radius  was  just  as  practicable  as  a  straight  canal: 
they  didn't  propose  any  widening  for  any  curve  that  had  a  radius  oi 
more  than  10,000  feet;  but  for  curves  of  less  than  10,000  feet  radius 
they  proposed  to  widen  the  canal  at  the  bottom  and  at  the  top ;  they 
proposed  to  widen  the  curve  if  it  had  less  than  10,000  feet  radius, 
according  to  the  formula,  normal  width +  (60  —  .005  radius  =  curve 
width).  ^  ' 

Senator  Morgan.  You  mean  widen  the  canal? 

General  Davis.  Yes;  and  in  any  particular  curve.  They  laid 
down  a  formula  for  that  calculation,  and  it  is  similar  in  character 
to  the  formula  that  Tincauzer  gives  and  the  principles  on  which  the 
curve  widths  for  the  Kiel  Canal  are  computed. 

Senator  Morgan.  Was  he  a  member  of  the  consulting  board? 

General  Davis.  Yes;  he  says  in  the  curve  with  a  radius  of  1,000 
to  2,500  meters  an  increase  of  breadth  of  bottom  is  made  by  the  formula 

width,  +  26  —  Yoo  ^^^  therefore  a  curve  of  1,000  meters  must  have  an 

increase  of  breadth  of  bottom  of  52.5  feet,  and  a  curve  of  2,500  meters 
must  have  an  increase  of  breadth  of  bottom  of  3.2  feet.  In  other 
words,  when  you  get  to  8,000  feet  you  have  got  a  curve  that  so  nearlj 
approaches  a  straight  line  that  tl^e  Germans  who  have  studied  this 
matter  think  that  an  increase  of  bottom  width  in  those  larger  curves  is 
unnecessary.  The  Suez  people  propose  that  a  curve  shall  be  of  such 
an  arc  that  when  a  ship  is  navigating  it  and  her  axis  is  on  the  center 
axis  of  the  curve  she  shall  have  in  front  of  her  one  and  a  half  times 
her  own  length  before  the  continued  line  would  impinge  against  the 
banks.  This  curve  is  constructed  on  that  basis  for  a  ship  788.  feet 
long.  That  curve  satisfied  the  requirements  of  the  Suez  engineers 
who  have  studied  that  matter  of  corrections.  That  is  to  say,  an  8,200- 
foot  curve  will  ^ve  in  front  of  that  ship,  before  the  prolongation  of 
line  of  center  axis  will  strike  the  bank,  just  about  one  and  a  half  times 
her  own  length. 

Senator  Morgan.  That  is  considered  to  be  enough  ? 

General  Davis.  That  is  considered  to  be  enough  by,  I  think,  all  the 
world.  The  Deep  Waterways  people  say  when  they  have  10,000 
feet,  they  don't  concern  themselves  with  its  increase ;  a  curve  with  a 
10,000- foot  radius,  I  mean,  is  so  closely  approaching  a  straight  line 
that  it  can  be  treated  as  a  straight  line. 

Now,  there  is  certain  physical  data  in  regard  to  certain  canals 
which  I  have  compiled  that  is  interesting,  and  I  will  call  atten- 
tion to  a  few  phases  of  it  and  will  leave  this  with  you  to  be  put  in  the 
record.    This  is  existing  and  proposed  canals. 
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Greneral  Davis  read  the  following  table,  explaining  it  to  the  oom- 
mittee: 

Existing  and  proposed  canals. 


Unite. 


Panama, 
proposed 
Meaievel. 


Kiel 
now. 


Sues 
now. 


Suez  in 
futare.a 


Panama, 
lock. 


Total  length 

StraiRht  portion 

Curved  portion 

Per  cent  in  curyes 

Depth 

Least  bottom  width 

Least  width  in  curves. . . 

Least  area  cross  section . 


Total  currature 

Curves 

These  classified  in  radii: 

Over  14,000  feet 

14,000  to  12,000  feet... 

12,000  to  10,000  feet... 

10,000  to  9,000  feet.... 

9,000  to  8,000  feet 

8,000  to  7,000  feet 

7,000  to  6,000  feet 

6,000  to  6.000  feet 

6,000  to  4,000  feet 

4,000  to  3,000  feet 

2,000  feet  and  less , 

Lockn* 

Locks,  length  usable 

Locks,  width  usable 


Miles... 
...do... 
...do... 
Percent 

Feet.... 

...do... 
...do... 

Sana re 

feet. 
Degrees 
Number 


...do... 
...do... 
...do... 
...do... 
...do... 
...do... 
...do... 
...do... 
...do... 
...do... 
.:..do... 
...do... 
Feet.... 
...do... 


49.86 
90.18 
19.17 
88.8 

40 

160 
150 

8.160 

697 

19 

0 
2 
1 

12 
4 
0 
0 
0 
0 
0 
0 

1 

1,000 
100 


ft  57. 89 

e34.23 

^28.66 

40.9 

29.62 

72.17 
75.2 

4,444      \ 

e832 
26 

7 

0 

0 
10 

2 

0 

1 

1 

1 

1 

0 

2 

492 

82 


694.76 
8L78 
18.08 
18.4 

81.2 

108.26 
181 
<5,818 


467i 
15 

3 
0 
1 
2 
8 
8 
2 
0 
Jl 
0 
0 
0 
0 
0 


9176 
81.78 
18.06 
13.04 

84.4 

147.68 
/016O 
7,741 
8,144 

467* 
16 

8 
0 

1 
4 
6 
0 
0 
0 
1 
0 
0 
0 
0 
0 


49.72 
42.25 
7.46 
15.00 

((40 

e45 

200 

*2ao 


l}  8,160 


687* 


0 
0 
0 
0 
1 
0 
0 
7 

s 

6 

7 

6 

900 

90 


a  Enlargementeat  Suez  will  not  be  completed  for  several  years. 

b Total  length  Suez  104.8  statute  miles,  of  which  9.38  miles  in  lake;  excavated  channel,  94.76  miles. 

e  Data  respecting  total  curvature  and  curved  mileage  not  given  in  authority  consulted,  but  are 
estimated  above  at  the  average  of  Sues  and  Panama. 

dOn  lock  sills. 

e  Prisms. 

/About. 

0  Least  width  future  Snez  curves,  approximate. 

*  Approximate. 
Total  length  Kiel  60.89  statute  miles,  of  which  8  miles  in  lake;  excavated  channel,  57.80  miles. 

<  Area  cross  section  5,818  square  feet  at  low  water  and  6,025  square  feet  at  high  water. 

iThis  curve  has  only  4.266  feet  radius,  but  its  bottom  width  is  1,640  feet. 

*Tide  lock  maximum  lift,  10^  feet.    Will  be  in  use  only  a  part  of  the  time. 

Panama  lock  plan  proposes  lengths  and  bottom  widths  as  follows: 


Widths  (feet). 


1,000 

800 

500 

300 

200 

Locks,  etc . 


Lengths 
(miles). 


19.08 
3.86 

12.29 
7.21 
4.70 
2.58 


Senator  Morgan.  You  have  omitted  entirely  the  canal  at  Nica- 
ragua, which  was  reported  three  times  by  the  same  commission  that 
reported  in  favor  of  the  Panama  lock  canal. 

Senator  Dryden.  That  has  not  been  built  yet,  has  it? 

Senator  Morgan.  The  Nicaragua  Canal? 

Senator  Dryden.  Yes. 

Senator  Morgan.  Nature  has  done  more  toward  the  buildii^  of  it 
already  than  toward  the  building  of  the  Panama  Canal,  and  more 
than  it  ever  will  do  toward  the  building  of  the  Panama  Canal. 
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But  will  you  not  please  take  that  report  of  the  Isthmian  Canal  Com- 
mission, called  the  Walker  Commission,  which  report  was  made, 
you  remember,  three  times,  twice  to  the  President  and  then  again  as 
alternative  proposition  to  the  lock  canal  at  Panama — ^made  three 
times  by  some  commission — ^will  you  not  take  that  and  put  the  same 
data  with  reference  to  that  canal  upon  this  table  that  you  have  made 
out? 

Greneral  Davis.  I  perhaps  might  not  be  able  to  do  it  to-night,  be- 
cause when  I  get  home  it  will  be  dark;  but  I  can  do  it  in  a  day  or 
two  and  add  it,  if  that  will  answer. 

Senator  Morgan.  Yes;  I  would  be  very  much  obliged  to  you.  I 
just  want  to  preserve  the  history  of  the  situation  as  we  go  along. 

General  Davis.  There  are  only  a  few  points  more. 

Senator  Ankeny.  What  effect  does  the  wind  have  upon  the  sea- 
level  canal  when  vessels  pass  in  there? 

General  Davis.  Well,  that  is  a  question  that  will  be  hard  to 
answer. 

Senator  Ankeny.  You  mention  that  the  Germans  at  Kiel  had  to 
change  their  canal  on  account  of  the  North  Sea  wind. 

General  Davis.  No,  on  account  of  the  effect  of  the  wind  on  the  tide, 
not  on  account  of  the  wind  on  the  ship ;  but  the  effect  of  the  wind  in 
backing  up  the  water.  You  know  the  wind  has  a  decided  effect  in 
backing  up  water. 

Senator  Ankeny.  Yes. 

General  Davis.  That  is  what  I  mean  by  that. 

Senator  Ankeny.  We  haven't  considered  that  at  all  in  any  of  this? 

General  Davis.  No. 

Senator  Ankeny.  Is  it  of  no  consequence? 

General  Davis.  I  would  not  sav  it  is  of  no  consequence.  I  think  it 
is  of  some  consequence.  I  think  it  is  of  consequence  to  any  canal 
which  is  built. 

Senator  Ankeny.  How  about  the  effect  if  we  had  a  flight  of  locks, 
three,  for  instance  ? 

General  Davis.  I  think  it  would  have  an  effect,  but  it  would  not  be 
serious  for  a  lock  system.  They  have  no  diflSculty  of  entering  the 
ships  at  the  Soo  lock  in  all  kinds  of  weather,  and  I  think  they  would 
do  the  same  in  a  lock  canal  down  here. 

Senator  Ankeny.  You  think  that  is  not  a  factor  in  the  business? 

General  Davis.  I  do  not  think  it  is,  sir;  I  do  not  think  it  is  a  seri- 
ous factor.  I  know  the  navigation  goes  on  all  the  time  at  the  Soo  and 
they  have  at  times  a  good  deal  of  wind  there.  In  some  of  the  reports 
I  have  read  about  Suez,  they  discussed  the  winds  at  considerable 
length,  and  I  have  never  heard — and  I  have  read  a  good  deal  about 
it — that  the  winds  interfere  with  navigation  at  Suez.  I  know  they 
do  not  interfere  with  it  at  Kiel  or  Manchester.  The  Corinth  Canal 
carries  its  shipping  through  that  narrow  gauge  and  they  have  no 
trouble  there.  I  do  not  think  the  wind  is  anjiihing  serious  to  con- 
sider. Panama  is  generally,  fortunately,  free  from  winds;  that  is, 
free  from  violent  winds;  they  have  the  trade  winds. 

There  is  one  other  matter  wnich  comes  up  in  respect  to  the  require- 
ments of  the  lock  canal  for  lockage  water — ^water  for  lockage  pur- 
poses. I  made  these  notes  to  iflustrate  something  in  that  line. 
Capacity  of  Gamboa  and  Gatun  lakes  to  supply  water  for  lockage 
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purposes.  Summit  level,  86  feet,  or  supposed  to  be  that,  in  each  case. 
I  know  there  has  been  no  plan  prepared  for  a  lock  canal  with  a  sum- 
mit at  85  feet  that  contemplates  the  use  of  the  Gamboa  water,  but 
this  study  supposes  Gamboa  Lake  to  be  raised  to  170  feet  above 
the  sea.  If  so,  it  would  contain  39,175,000,000  cubic  feet  of  wat^. 
When  I  say  that  I  mean  that  that  drainage  basin  has  been  surveyed 
just  as  accurately  as  any  piece  of  land  Miat  any  of  you  gentlemen 
own.  It  has  been  traversed  in  every  twist  and  turn  by  me  topog- 
raphers, and  they  know  just  where  the  water  level  will  go  for  eadi 
foot  of  that  reservoir  area. 

Senator  Morgan.  That  is  called  "  Gamboa  Lake?  " 

General  Davis.  That  is  called  the  "  Gamboa  Lake."  Estimates 
have  been  made  by  engineers  assigned  to  this  duty  by  Mr.  Wallace, 
and  their  reports  show  the  contents  of  that  reservoir  for  every  foot 
of  elevation  up  to  200  feet.  When  I  saV  that  the  Gamboa  Lake 
would  contain  39,000,000,000  cubic  feet  of  water  raised  to  170  feet 
above  sea,  I  base  my  statement  on  the  report  of  these  gentlemen,  who 
have  put  that  particular  figure  down  against  170  as  3ie  cubical  con- 
tents of  that  reservoir.  I  think  no  one  will  dispute  the  accuracy  of 
those  figures. 

Now,  suppose  you  wish  to  supplv  a  lock  canal  from  that  reservoir 
and  that  the  summit  level  was  85  feet.  I  am  supposing  that  the  res- 
ervior  would  not  be  drawn  down  below  90  feet---that  is,  that  there 
would  be  always  5  feet  margin.  So  I  am  supposing  that  this  same 
Gamboa  Lake  will  never  gooelow  90.  The  net  quantity  that  would 
remain  in  that  reservoir  between  90  and  170  is  36,580,000,000  cubic 
feet.  There  is  a  certain  low-water  flow  that  is  going  on  all  the  time, 
and  I  am  supposing  that  the  low  water  continues  for  three  months. 
General  Abbot,  who  has  spent  more  time  in  calculations  in  regard  to 
the  hydrography  of  the  Isthmus  than  anybody  else,'^  and  whose  work 
is  of  great  merit,  has  stated,  I  think  from  thirteen  years'  observation, 
that  the  low- water  flow  during  the  three  dry-season  months  falls 
down  to  1,176  second-feet,  or  9,145,000,000  cubic  feet.  That  is  com- 
ing in  all  the  time,  and  adding  that  to  the  other  figure,  we  get  a  total, 
then,  as  available  of  45,725,000,000  cubic  feet.  But  there  are  certain 
wastages  and  leakages  by  evaporation  and  percolation,  and  those  are 
estimated  at  748  second-feet,  which  deducted  leaves  a  net  available 
amount  of  39,909,000,000  cubic  feet  of  water. 

The  minority  state  that  the  level  of  the  Gatun  Lake  is  expected  to 
fluctuate,  the  maximum  level  at  the  beginning  of  the  dry  season  stand- 
ing at  86  feet  and  falling  at  the  end  of  that  season  to  82  feet,  the 
fluctuation  amounting  to  4  feet. 

The  waters  contained  between  the  two  levels,  as  stated  above,  plus 
the  increment,  due  to  the  low-water  flows  of  the  river  minus  the  losses 
by  evaporation,  leakage,  infiltration,  waste,  and  use  for  power  pur- 
poses, as  computed  from  the  data  given  by  the  minority,  page  75,  is 
10,498,000,000  cubic  feet,  which  quantity  is  stated  by  them  to  oe  suffi- 
cient for  26  lockages  per  day  for  three  months. 

If  the  lock  canal  were  so  constructed  as  to  obtain  its  water  supply 
from  the  proposed  Gamboa  reservoir  the  water  would  be  sufiicient  for 
98  lockages  per  day  for  three  months,  so  sufficing  for  a  tonnage  3.7 
times  greater,  and  this  without  building  the  Alhajuela  dam,  as  con- 
templated by  the  minority,  as  an  ultimate  proposition. 


INVESTIGATION   OF  PANAMA  OANAL   MATTEBS.  888 

Simply  as  a  question  of  storage,  now,  and  as  having  nothing  to  do 
with  locks,  I  have  here  some  figures  as  to  the  storage  capacity  of 
Gamboa  Liake.  The  two  parts  of  the  Board,  the  minority  and  the 
majority,  treat  the  Chagres  River  from  two  standpoints,  separate  and 
distinct.  The  majority  treat  the  Chagres  River  as  a  nuisance  to  be 
gotten  rid  of  the  best  way  we  can.  The  minority  treat  it  as  entirely 
essential  to  their  plan  to  supply  water  for  lockage.  If  they  could  not 
have  that  river  to  supply  the  water,  they  would  be  in  a  bad  way.  If 
we  did  not  have  the  river  for  the  sea-level  purposes,  we  would  be  in 
a  very  pleasant  frame  of  mind.  But  it  is  there  and  it  has  got  to  be 
controlled. 

Now,  these  fiffures  are  to  show  to  what  extent  the  devices  of  the 
majority  will  affect  its  control. 

The  capacity,  computed  from  actual  survey  of  the  lake  between 
level  80  and  170  feet  above  sea  level  is,  in  round  numbers,  38,- 
000,000,000  cubic  feet.  The  mean  or  average  gauged  flow  of  the 
Chagres  River  at  Gamboa,  as  determined  by  General  Abbot,  is  3,164 
cubic  feet  per  second.  That  total  flow  for  one  year  would  therefore 
be,  in  cubic  feet,  365  by  24  by  60  by  60  by  3,164,  or  99,779,904,000 
cubic  feet.  The  lake  would  therefore  contain  nearly  one-third  the 
entire  year's  flow,  floods  excluded,  without  any  discharge. 

The  greatest  flood  in  the  Chagres  that  has  been  heard  of  in  fifty 
years  was  the  one  in  1879,  when  the  water  rose  about  36  feet  at 
Gamboa  at  its  maximum,  remaining  at  the  level  for  a  very  short  time. 
General  Abbot  computes  this  flood  as  sending  out  an  average  of  65,250 
cubic  feet  per  second  for  a  period  of  forty -eight  hours.  This  quan- 
tity is  48  by  60  by  60  by  65,250,  or  11,275,100,000  cubic  feet  If  mean- 
while there  had  been  discharging  through  the  regulating  works  15,000 
cubic  feet  per  second,  the  total  tor  forty-eight  hours  would  be  48  by 
60  by  60  by  15,000,  or  2,592,000,000  cubic  feet  and  the  part  of  the  flood 
stored  would  be  8,683,100,000  cubic  feet. 

Supposing  the  level  of  the  reservoir  to  be  standing  at  80  when  the 
flood  began,  the  flood  would  raise  the  water  in  the  lake  to  about 
+  119  above  sea,  and  there  would  still  be  a  remaining  capacity  for 
more  than  four  more  floods  of  the  same  volume  before  reaching  170. 
But  supposing  there  was  no  discharge  through  the  regulating  works 
while  the  flood  continued  and  the  wnole  should  be  drawn  off  at  the 
rate  of  15,000  second-feet  (which,  be  it  remembered,  includes  3,164 
second-feet  representing  the  mean  flow),  and  it  would  only  take 
about  ten  days  to  spill  this  phenomenal  flood. 

It  should  not  be  forgotten  that  we  have  very  complete  data  for  the 
flow  of  the  Chagres  at  Gamboa  more  than  for  any  other  station  on 
the  Isthmus.  The  data  of  actual  gaugings  available  to  the  computer 
covered  all  the  years  from  1890  to  1904,  both  inclusive,  and  for  every 
month  of  the  one  hundred  and  eighty  save  nine. 

It  may  be  deduced  from  the  above  that  a  dam  with  crest  at  160 
and  water  level  at  150  might  be  adequate  to  meet  the  necessities  of 
the  case.  Its  storage  capacity,  between  80  and  150,  would  be  nearly 
24,000,000  cubic  feet,  or  double  the  storage  necessary  to  store  two 
maximuin  floods. 

Those  are  the  principal  matters,  gentlemen,  that  I  had  prepared 
myself  on.  I  have  covered  a  good  deal  of  ground,  perhaps,  or  I 
have  tried  to. 
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Senator  Morgan.  I  suppose  we  have  now  gotten  through  with  the 
main  discussion 

Senator  Kittredge.  I  should  think  this  would  be  a  good  point  to 
adjourn. 

Senator  Morgan.  I  would  suggest  that  if  General  Davis  is  through 
with  his  statement  I  would  like  to  ask  him  one  preliminary  questicm, 
turning  his  attention  to  the  government  of  the  canal. 

Is  there  any  canal  zone  at  Suez  ? 

General  Davis.  Yes;  there  is  a  canal  zone  from  the  franchise  which 
the  lOiedive  gave  to  De  Lesseps. 

Senator  Morgan.  What  is  tne  width? 

General  Davis.  Very  irregular  in  width.  I  could  not  tell  you  its 
wid^  or  shape,  but  in  some  places  the  area  over  which  the  Suez  Com- 
pany has  fiscal  control — ^they  have  no  judicial  control  anywhere 

Senator  Morgan.  That  is  what  I  wanted  to  get  at 

General  Davis.  No;  thev  have  not. 

Senator  Morgan.  And  tney  have  no  military  control? 

General  Davis.  No. 

Senator  Morgan.  And  have  no  other  control  except  such  as  is  fur- 
nished by  the  laws  of  Ejgjypt? 

Greneral  Daves.  Yes:  that  is  all. 

Senator  Morgan.  Tnat  is  all  I  wanted  to  get  at  as  a  preliminary. 
I  wanted  to  ask  you  whether  the  area  of  the  country  through  wl^di 
this  canal  runs  is  at  all  populated. 

General  Davis.  There  are  three  cities — ^Port  Said,  with  fifty  or 
sixty  thousand;  Ismailia,  with  about  8,000,  and  the  so-called  "city 
of  Suez,"  on  the  Red  Sea^  with  three  or  four  thousand  inhabitants. 
There  are  no  otJier  inhabitants  along  the  line  of  the  canal;  it  is  a 
desert.  The  water  is  brought  from  the  Nile  to  supply  these  cities 
and  also  to  supply  a  few  gardens  and  a  few  little  parks  in  those  towns. 

Senator  Morgan.  I  merely  wanted  to  get  at  the  question  of  how  it 
was  governed  and  by  whom. 

General  Davis.  There  are  several  q^uestions  that  are  analocpous  to 
this  type  of  canal,  and  I  have  made  a  list  of  some.  I  have  made  these 
titles:  Earthquakes,  Military  questions  affectin^type.  Submersed 
land,  Malicious  destruction  of  the  canal  possible.  Time  or  method  of 
construction,  Panama  Railroad  management.  Those  are  a  few  of  th6 
headings. 

Senator  Morgan.  We  will  go  over  those  before  we  dose  your  ex- 
amination. We  will  take  them  up  in  such  order  as  the  members  of 
the  committee  may  prefer. 

The  Chairman.  Are  you  through  with  the  gentleman  for  this 
evening? 

Senator  Morgan.  Yes. 

(Thereupon,  at  4.20  o'clock,  the  committee  adjourned  until  to* 
morrow,  Friday,  March  30,  1906,  at  10.80  o'clock  a.  m.) 
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Commercial  vessels  over  IS, 000  gross  tonnage. 
[Principally  from  Lloyd's  Register.  1906-6.] 


Name. 


Gross 
tonnage. 


Dimensions. 


Length.    Breadth. 


Molded 
depth. 


Maxim  am 
draft. 


Speed. 


Flag. 


Mauritania  (unfinished) . 
Lusltania  ( unfinished ) . , . 
Kaiserin  A.  Vic.  (unfin- 
ished). 

Adriatic  (unfinished ) 

Baltic 

Amerika 

Cedric 

Celtic 

Minnesota 

Dakota 

Caimania 

Caronia 

KaisirW.  II 

Oceanic ' 

DeutBchland 

Arabic | 

La  Provence 

Republic 

KronPrinzWm 

Kaiser  W.derG 

Saxonia 

Ivemia 

Mongolia 

Manchuria 

(}arpathla 

Cretlc 

Patricia 

Miimehaha 

Minneapolis 

Minnetonka 

Pennsylvania 

Pretoria 

Graf  Waldersee 

Grosser  Kurfurst 

(Cymric 

Kenil  worth  Castle 

Amadal  e  (Castle 

Lucania 

(^mpania 

Walmer  Castle 

Finnland 

Kroonland 

Suevic 

Runic 

Saxon 

Noordam 

Potsdam 

Rijndam 

Kaiser  Fredrich 

Moltke 

Blucher 

Ionic 

Barbaro«(sa 

Athenic 

C^nopic 


Feet. 


88,200 

787.6 

88,200 

787.6 

525,000 

727.6 

626,000 

727.6 

28,876 

709.2 

22,250 

670.6 

21,065 

680.9 

20,904 

680.9 

20,718 

622.0 

20,714 

622.0 

19,594 

660.0 

19.594 

650.0 

19,861 

684.8 

17,274 

686.7 

16,602 

660.9 

15,801 

600.7 

15,000 

607.0 

15,878 

570.0 

14,908 

687.3 

14,849 

626.7 

14,281 

580.0 

14,058 

582.0 

18,689 

600.0 

18,689 

600.0 

13,564 

540.0 

13,518 

582.0 

13,424 

560.8 

18,403 

600.7 

13,401 

600.7 

18,398 

600.7 

13,833 

569.4 

13,284 

661.0 

13,198 

661.2 

13,182 

560.6 

13,096 

585.6 

12.975 

570.2 

12,973 

570.1 

12.952 

601.0 

12,960 

601.0 

12,546 

570.5 

12,760 

660.0 

12,760 

560.0 

12.600 

550.2 

12,482 

550.2 

12.385 

570.6 

12,581 

650.3 

12,582 

650.0 

12,527 

550.3 

12,480 

581.7 

12.836 

525.6 

12,334 

525.6 

12,232 

500.3 

10,915 

526.3 

12.284 

500.8 

12,097 

678.3 

Feet. 
88.0 
88.0 
77.6 

76.6 

75.6 

74.6 

76.3 

76.8 

73.6 

73.5 

72.2 

72.2 

72.8 

68.8 

67.6 

66.6 

61.7 

67.8 

66.8 

66.0 

64.2 

64.9 

66.8 

65.3 

64.5 

60.3 

62.3 

66.5 

66.6 

66.6 

62.2 

62.3 

62.2 

62.3 

64.3 

64.7  I 

64.5 

66.2 

66.2 

64.4 

60.2 

60.2 

63.3 

63.3 

64.4 

62.3 

62.0 

62.8 

63.7 

62.3 

62.3 

63.3 

60.0 

63.3 

69.8 


Feet, 
60.6 
60.6 
54.0 

49.0 
52.6 
48.4 
44.1 
44.1 
41.6 
41.5 
40.2 
40.2 
40.2 
44.5 
40.3 
47.6 
88.0 
d24,0 
39:8 
89.0 
88.4 
87.8 
8L1 
31.1 
37.4 
38.8 
37.1 
39.5 
89.7 
39.7 
30.0 
37.9 
37.7 
36.9 
37.9 
38.7 
89.0 
37.8 
87.8 
38.6 
38.4 
38.4 
89.9 
89.9 
38.6 
34.0 
34.6 
34.6 
37.9 
35.6 
36.6 
39.0 
^.6 
39.0 


Feet. 
aS7.0 
O87.0 
087.0 

C87.0 

a87.8 

0  34.67 

aS6.98 

a86.77 

c80,68 

eSO.68 

C29.62 

029.62 

a  80.0 

a86.7 

029.7 

O88.0 

O28.0 


aSO.O 

029.26 

028.3 

C28.26 

022.92 

022.92 

027.56 

028.22 

027.84 

0  29.11 

029.26 

029.26 

0  22.11 

027.93 

0  27.78 

a  26. 18 

0  31.06 

028.33 

0  28.74 

028.25 

0  28.26 

028.44 

028.3 

028.3 

0  29.4 

029.4 

0-28.44 

025. 06 

025.5 

025.60 

C27.98 

026.23 

026.23 

0  28.74 

a25.69 

028.74 

026.38 


JETnote. 
24 
24 


17 


17 
17 

19 
19 
20 
20 
20 
16 


16 

20 

20 

16 

16 

16 

16 

15 

16  I 

134 

16 

16 

16 

13* 

13* 

13* 

13* 

16 

17* 

17* 

22 

22 

17* 

16 

16 

18 

13 

17* 

16 

16 

16 


16* 
16* 
13 
15* 
13 
16 


British. 
Do. 
(German. 

British. 

Do. 
German. 
British. 

Do. 
American. 

Do. 
British. 

Do. 
German. 
British. 
German. 
British. 
French. 
British. 
German. 

Do. 
British. 

Do. 
American. 

Do. 
British. 

Do. 
German. 
British. 

Do. 

Do. 
German. 

Do. 

Do. 

Do. 
British. 

Do. 

Do. 

Do. 

Do. 

Do. 
American. 

Do. 
British.    • 

Do. 

Do. 
Dutch. 

Do. 

Do. 
German. 

Do. 

Do. 
British. 
German. 
British. 

Do. 


a  Reported  draft  as  stated  by  owners, 
fr  Approximately. 

o  Estimated  drait  as  computed  by  ratio  of  molded  depth  to  draft  in  case  of  12  vessels  whose  draft 
is  stated  above;  molded  depth  x0.737=draft. 
d  Depth  as  stated  in  Lloyds,  probably  an  error. 

Grosser  Kurfurst  and  Barbaroesa  have  passed  Suez  Canal. 
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Naval  vessels  of  14,000  tons  and  over, 
[DispUcement  Clowes'  Naval  Pocket  Book,  1906.] 


Name. 

Flag. 

Displace- 
ment. 

Dimensions. 

Length. 

Beam. 

Draft. 

Lord  Nel§on 

British 

Tons. 

16,500 

16,600 

16,350 

16,360 

16,850 

16,360 

16,380 

16,860 

16,350 

16.350 

15.000 

16,000 

16,000 

15,000 

15,000 

15,000 

15,000 

15,000 

14,900 

14,900 

14.900 

14,900 

14,900 

14.900 

14,900 

14,900, 

14,900" 

14,000 

14,000 

14,000 

14,000 

14,000 

14,000 

14,150 

14,160 

14,150 

14,150 

14.150 

14.150 

14,160 

14.150 

14,600 

14,600 

14.600 

14,100 

14,100 

14,100 

14,100 

14,400 

14.400 

14.865 

14,865 

14,865 

14,865 

14,865 

14,800 

15,900 

16,654 

16,600 

15,200 

16,200 

15,200 

15.000 

16,000 

16,000 

17,650 

17.660 

17,650 

17,650 

17.650 

17.650 

15,300 

15,300 

15,300 

15,800 

15,300 

Feet. 

410 

410 

458.75 

463.75 

453.75 

453.75 

453.75 

458.75 

453.75 

453.75 

400 

400 

400 

400 

400 

430 

430 

430 

413 

413 

413 

413 

413 

413 

413 

413 

413 

429 

429 

429 

429 

429 

429 

380 

380 

380 

380 

380 

380 

380 

380 

490 

490 

490 

529.5 

529.5 

629.5 

529.5 

538 

538 

439 

439 

439 

439 

439 

411 

400.5 

400.5 

455 

432 

482 

425.5 

425.6 

430 

430 

456.3 

466.3 

456.3 

456.8 

456.3 

456.3 

485 

435 

435 

435 

435 

Feet. 
79.6 
79.5 
78 

78 
78 
78 
78 

?l 

78 
75 
75 
75 
76 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 

75.5 
75.5 
75.5 
75,8 
75.8 
75.5 
75 
78 
75 
76 
75 
75 
75 
76 
74.6 
74.6 
75.6 
71 
71 
71 
71 
71 
71 

79.5 
79.5 
79.5 
79.5 
79.5 
76.75 
74 
74 

78.2 
76 
76 

75.5 
75.5 
80 
80 
76.8 
76.66 
76.66 
76.66 
76.83 
76.88 
76.83 
76.83 
76.83  ! 
76.83 
.     76.88 

Feet. 

27 

AgaTnevnnon 

...  .do 

27 

Africa 

do 

26.75 

Britannia 

do 

26.75 

Hlbernla 

do 

26.75 

New  Zealand 

.do   .  ... 

26.75 

Hindofitan 

do 

26.76 

King  Edward 

do 

26.75 

Dominion 

do 

26.75 

Commonwealth 

do 

26.75 

Queen 

...  .do     

«27.75 

Prince  Wales 

do 

a  27. 75 

London 

do   

«27.76 

Bulwark 

do 

a27.76 

Venerable 

. .  do 

a  27. 75 

Formidable 

do 

a  27. 76 

Trrp»il«tihlA 

.do 

(127.75 

Implacable 

do 

a  27. 75 

Caesar 

do          .    . 

27.50 

Hannibal 

do 

27.50 

Illustrious 

do 

27.50 

Jupiter 

do 

27.50 

Mars 

do 

27.50 

Prince  Oeorge 

do 

27.  .W 

Victorious 

do 

27.60 

Masrniflcent 

do 

27.60 

Majestic 

do 

27.50 

Duncan 

do 

26.50 

Comwallis 

do 

26.5 

£xmouth 

do 

26.5 

Russell 

do 

26.5 

Albemarle 

do 

26.5 

Montagu 

do 

26.5 

Kmprpin  India 

.  ..do 

27.5 

RjimilHfts 

do 

27.5 

Repulse 

.    .do 

27  5 

Resolution 

do 

27.5 

Revenge  

.    .do 

27  6 

Royal  Oak 

do 

27.6 

Royal  Sovereign 

do 

27.5 

Hood 

do 

27 

Minotaur 

.do 

26 

Defence 

do 

26 

Shannon 

.do     .    . 

25 

Drake  

do 

26 

King  Alfred 

.do        .     .  . 

26 

Leviathan 

do 

26 

Good  Hope* 

do 

26 

Terrible  6. 

do 

80 

Powerful 

do 

30 

R^Spublique 

French 

27.2 

Patrie 

do   

27.2 

Justice 

do 

27.2 

Democratic 

do 

27.2 

verity 

do 

27.2 

Sardegna 

Italian 

28.5 

Lepanto 

do 

31.2 

Italia 

do 

31.2 

Katori 

Japanese 

26.66 

Kashlmi 

do 

27.25 

Mikasa 

do 

27.  K 

Asahl 

do 

27.2 

Shlkisbimft 

do 

27.2 

Imp.  Pavel  I 

Russian 

26 

And.  Pervosvanni 

.  ...do          

26 

New  Hampshire 

American 

.  ...do     

0  26.75 

Kansas 

a  26. 75 

Minnesota 

do 

«26.7.') 

Vermont 

do 

a  26. 75 

Connecticut 

do 

a26.75 

Louisiana 

.do        

a  26. 75 

Virginia 

do 

a26 

Rhode  Island 

do 

026 

New  Jersey 

......do 

026 

Nebraska 

do 

026 

Georgia 

do 

o26 

a  Maximum  draft. 


b  Has  passed  through  the  Suez  Canal. 
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Naval  vessels  of  14^000  tons  and  over — Continued. 


Name. 

Flag. 

Displace- 
ment. 

Dimensions. 

Length. 

Beam. 

Draft. 

Kentucky  a 

American 

do 

TOIM. 

11,640 
14,600 
14,600 
16,960 
16,960 
14,000 
14,000 

Feet, 

876 

602 

602 

504.6 

604.5 

602 

602 

FeeL 
72.08 
70 
70 
72.9 
72.9 
70 
70 

Feet. 
23.5 

North  Carolina 

^26. 5 

Montana 

do 

^26.6 

Tennessee - 

do 

627.2 

Washington 

do 

ft  27,2 
ft  26. 6 

California 

do 

South  Dakota 

do 

626.5 

oJETeiUttcifcy  passed  Suez  Canal  in  1902. 


6  Maximum  draft 


ISTHMIAN  CANAL. 


Committee  on  Interocbanic  Canals, 

United  States  Senate, 
Washington^  D.  C.^  Friday^  March  SO^  1906. 
The  committee  met  at  10.30  o'clock  a.  m. 

Present:  Senators  Millard  (chairman),  Kittredge,  Dryden,  Hop- 
kins, Kjiox,  Ankeny,  Morgan,  Taliaferro,  and  Simmons. 

STATEMENT  OF  MAJ.  OEN.  OEOKOE  W.  DAVIS,  TJ.  S.  AKMT 
(KETIKED)— Continued. 

The  Chairman.  General,  we  are  ready  now  to  have  you  proceed,  if 
you  have  aiw  further  statements  to  make. 

Senator  Kittredge.  General,  do  you  think  this  work  should  be  con- 
structed by  contract  or  directly  by  £ne  Government? 

General  Davis.  I  feel  that  there  is  no  doubt  that  the  interests  of 
the  United  States  will  lie  in  having  this  work  done  by  contract 
throughout.    I  think  there  is  no  doubt  of  it. 

Senator  Kittredge.  In  what  maimer  would  you  suggest  that  the 
contract  be  made,  or  propositions  for  a  contract? 

General  Davis.  I  would  of  course  first  have  careful  specifications 
of  the  work  made.  I  think  that  Mr.  Stevens  has  stated  in  his  testi- 
mony before  your  committee  that  he  can  prepare  specifications  for  the 
canal  in  a  month.  I  believe  I  have  read  such  a  statement  of  his;  and 
I  would  have  those  specifications  prepared.  I  should  offer  the  work 
to  contractors  on  the  basis  of  payment  by  unit  quantity,  our  engineers 
to  determine  what  those  unit  quantities  are.  The  specifications  should 
state  how  far  away  the  material  is  to  be  carried — that  is  to  say,  some 
maximum  haul,  perhaps,  or  else  there  should  be  a  condition  requiring 
that  the  materistl  excavated  should  be  so  deposited  away  from  the 
line  of  the  canal  as  to  insure  no  possibility  of  its  return  to  the  line  of 
the  canal,  and  that  to  be  settled  oy  the  dicta  of  the  Government's  en- 
gineers. 

If  locks  are  to  be  built,  they  ought  to  be  described  in  as  much 
detail  as  will  enable  the  contractor  to  tell  what  unit  price  to  bid  on 
yards  of  cement,  cubic  feet,  or  yards  of  cut  granite  for  copings,  etc., 
what  price  to  bid  per  pound  for  wrought  iron  or  steel  used  in  the 
lock  gates  when  tney  are  finally  incorporated,  etc.;   and  all  tlie 
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machinery  should  be  so  described  that  they  can  give  unit  estimates  on 
it.  The  matter  of  machinery  is  not  so  important,  however;  that  can 
be  deferred  a  long  time. 

The  specifications  should  recite  where  the  material  taken  from  these 
dredged  entrance  channels  is  to  be  deposited.  If  jetties  are  to  be 
built,  the  specifications  should  state  to  what  size  they  are  to  be  car- 
ried. Then  I  would  allow  the  contractor  entire  freedom  of  scope  as 
to  where  he  should  get  that  material  and  as  to  where  he  should  set 
his  labor.  I  should  tie  him  up  with  no  conditions  whatever,  and  I 
should  turn  over  the  Panama  Railroad  to  him  as  a  tool  for  him  to  use 
absolutely.  Of  course  I  should  get  a  complete  list  of  all  the  fixed 
and  movable  property,  appraise  its  value  when  it  was  turned  over  to 
him,  and  under  his  contract  require  certain  conditions  to  be  fulfilled 
with  respect  to  the  return  of  that  proi)erty  when  his  contract  should 
be  finished.  Of  course  a  large  part  of  it  would  be  worn  out;  but  that 
would  be  expected. 

Senator  Knox.  Would  that  contemplate  abandoning  the  commer- 
cial use  of  the  railroad  ? 

General  Davis.  No,  sir ;  I  think  not.  I  should  delegate  to  this  con- 
tractor the  privileges  which  the  United  States  en]oysT)y  virtue  of  its 
ownership  of  the  Panama  Railroad  in  respect  to  the  earnings  it  may 
secure,  and  should  also  transfer  to  him  the  obligations  which  the 
United  States  has  assumed  and  put  him  in  the  light  of  a  man  holding 
a  franchise 

Senator  Knox.  A  temporary  lessee,  as  it  were? 

General  Davis.  Yes,  sir ;  a  temporary  lessee ;  and  require  him  to  do 
that  commercial  work.  I  should  treat  the  commercial  work  as  a 
transfer  proposition  pure  and  simple,  just  as  Dodd's  Express  or 
Westcott's  Express,  in  New  York  City,  is  managed. 

Senator  Ankeny.  Do  you  contemplate  one  large  contract  or  numer- 
ous small  ones  ? 

General  Davis.  One  large  contract. 

Senator  Ankeny.  For  the  whole? 

General  Davis.  For  everything;  and  I  should  require  a  bond  of 
ten  or  fifteen  or  twenty  millions,  or  fifty  millions. 

Senator  Ankeny.  Whatever  is  necessary  ? 

General  Davis.  Yes,  sir;  there  will  be  no  trouble  in  obtaining  a 
perfectly  satisfactory  bond  of  that  sort. 

Senator  Morgan,  feut  in  that  case  there  would  be  no  competitors? 

General  Davis.  Oh,  yes,  Senator;  I  think  there  would  oe.  I  be- 
lieve that  if  vou  should  offer  that  work  to  contract  on  that  basis,  you 
would  have  half  a  dozen  bids  from  this  country  and  Europe.  I  am 
confident  of  that. 

Senator  Morgan.  But  our  people  probably  would  not  consent.  Gen- 
eral Davis,  to  have  a  European  contractor  work  out  that  job. 

General  Davis.  I  do  not  think  it  is  desirable;  but  European  con- 
tractors are  building  railroads  in  the  United  States.  A  jQuropean 
chief  engineer  is  putting  the  tunnel  under  the  East  River  in  New 
York  for  the  Pennsylvama  Railroad  to-day. 

Senator  Morgan.  But  they  are  not  Government  works? 

General  Davis.  No,  sir. 

Senator  Drydbn.  Will  you  state  what  advantage  you  think  there 
will  be  in  having  it  all  let  by  one  contract  rather  than  by  a  number? 
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General  Davis.  You  would  have  one  man  to  deal  with;  you  would 
have  no  issues,  no  questions,  no  controversies  between  several  con- 
tractors. I  can  see  that  there  would  be  a  good  many  conflicts  between 
the  smaller  contractors  if  there  are  several  of  them.  It  has  been 
suggested  by  some  Uiat  there  might  be  a  dozen  principal  contracts, 
but  if  one  man  is  building  locks,  he  wants  to  get  material  for  those 
lodss;  he  wants  to  get  some  of  it  from  abroad;  he  wants  to  set  some 
of  it  from  the  Isthmus,  and  he  wants  to  hire  labor.  He  needs  to  use 
in  the  construction  of  those  locks  some  of  the  very  same  material  that 
will  be  taken  out  of  the  Culebra  or  some  other  excavation.  If  he  is 
working  for  one  principal  contractor,  that  can  all  be  arranged  with 
the  greatest  facility  between  those  two  men,  while  if  he  is  contract- 
ing directly  with  the  Government,  and  the  man  that  is  excavating 
the  Culebra  is  working  for  the  Government,  and  the  man  that  is 
building  the  jetties  in  the  harbor  of  Colon  is  working  directlv  under 
the  Government,  all  correspondence  and  all  negotiations  between 
those  men  will  have  to  be  carried  through  this  third  party,  the 
engineer  representing  the  Government  I  think  it  would  facilitate 
the  work  greatly  to  eliminate  that  "  loop." 

Senator  Drydbn.  I  agree  with  you  in  that  view.  I  suppose  your 
anticipation  would  be  that  the  main  contractor  would  sublet  con- 
tracts^ 

General  Davis.  Oh,  of  course;  of  course. 

Senator  Dryden.  But  the  great  difference  would  be  that  there 
would  be  one  supreme  authority  in  the  contract  ? 

General  Davis.  That  is  it ;  that  is  the  way  I  feel  about  it. 

Senator  Dryden.  Who  could  actually  dictate  the  relations  between 
these  subcontractors  and  what  their  responsibilities  and  duties  were? 

General  Davis.  I  see  no  diflSculty  in  meeting  the  point  that  Senator 
Morgan  raises  by  inviting  bids  from  American  citizens  only  and 
specifying  that  all  material  used  should  be  of  American  oriffin. 
There  is  no  objection  to  that,  if  the  Congress  wishes  to  put  in  that 
condition. 

Senator  Morgan.  I  am  not  to  be  understood  as  advocating  that; 
but  at  the  same  time  I  am  quite  sure  that  it  will  create  a  great  deal 
of  controversy  in  the  United  States. 

The  Chairman.  There  are  contractors  in  this  country.  Senator, 
who  could  carry  on  that  work  just  as  well  as  those  abroad". 

Senator  Dryden.  Of  course  General  Davis  contemplates  that  this 
main  contract  would  be  open  for  bids  to  all  contractors  who  have 
the  means  and  facilities  and  the  ability  to  take  and  carry  on  a  con- 
tract of  that  kind,  so  that  I  think  it  could  hardly  be  said  that  it  was 
so  limited  that  it  was  not  thrown  open  to  responsible  and  fair  compe- 
tition ? 

General  Davis.'  Yes,  sir.  I  think  you  will  get  three  or  four  bids 
from  American  contractors  for  the  whole  work  from  responsible 
people — ^two  or  three,  anyhow.  I  am  confident  you  will  get  two  or 
three. 

The  Chairman.  Do  you  understand  that  there  are  contractors 
abroad  that  would  have  greater  facilities  for  carrying  on  this  work 
than  those  in  this  country? 
j;no  I  c — 06 55 
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General  Davis.  I  should  sav  generally,  yes,  because  I  know  that 
in  Europe  the  habit  is  to  do  these  works  by  contract  in  a  very  large 
way.  For  example,  there  is  the  contracting  firm  of  Pearson  &  Com- 
pany that  is  just  now  finishing  the  Tehuantepec  Railroad.  That  is  a 
matter  of  some  fifteen  or  twenty  million  dollars.  They  are  carrying 
on  that  work  and  are  just  completing  it  now.  Then  take  the  Argen- 
tine works,  the  harbors  in  the  Argentine  Republic  (I  refer  to  Buenos 
Ayres),  a  work,  the  cost  of  which  has  run  up  to  fifty  or  sixty  million 
dollars;  it  has  all  been  done  by  contract;  the  engineering  has  been 
done  by  contract. 

The  Assouan  dam  is  a  peculiar  case.  The  Egyptian  government 
did  not  have  the  money  to  build  the  Assouan  dam.  They  borrowed 
up  to  the  limit  of  their  authorization  to  borrow.  They  were  tied  up; 
they  could  not  get  any  more  credit,  and  they  wanted  the  Assouan 
dam  made.  They  said  to  a  contractor  by  the  name  of  Coode,  I 
think — I  am  not  quite  certain — ^"  Will  you  build  the  Assouan  dam 
and  furnish  the  money  yourisel4»  and  take  your  pay  in  annuities? " 
He  said :  "  Certainly ;  I  am  perfectly  ready  to  ao  that"  He  went 
to  work,  made  a  contract  with  the  Egyptian  government,  approved 
by  Lord  Cromer,  and  proceeded  to  buud  the  Assouan  dam,  ana  built 
it  inside  of  the  time  that  he  contracted  for.  He  did  his  own  engi- 
neering and  turned  over  the  completed  work;  and  he  is  to  receive 
$200,000  a  year  for  a  certain  number  of  years — I  have  forgotten  the 
number — and  that  pays  for  the  dam. 

Senator  Knox.  That  is  more  in  the  nature  of  a  concession  than  a 
contract  ? 

General  Davis.  Rather  more  so;  but  still  he  did  the  work.  He 
took  the  risks. 

The  Chairman.  Where  does  he  get  labor — aright  where  he  is  con- 
structing the  dam  ? 

General  Davis.  Oh,  he  got  the  labor  in  Egypt — ^the  fellaheen  of 
E^pt. 

The  Chairman.  But  what  would  be  the  result  in  Panama,  as  to 
labor  there? 

Gieneral  Davis.  I  think  the  contractor  ought  to  have  freedom  to  go 
where  he  pleases  to  get  his  labor. 

The  Chairman.  To  go  wherever  he  saw  fit,  and  to  get  any  kind  of 
labor? 

General  Davis.  Our  trade  unions  here  do  not  want  to  go  to  Panama 
to  work.  Even  our  negroes  in  the  South  are  not  begging  for  the 
privilege  of  going  down  there  to  work.  They  are  not  asking  for  it 
or  even  offermg  to  ffo. 

The  Chairman.  I  think  the  trade  unions  have  made  some  sugges- 
tions as  to  the  work  at  Panama. 

General  Davis.  I  have  read  in  the  papers  that  they  have. 

The  Chair3Ian.  As  to  the  hours,  and  the  kind  of  labor  that  should 
be  employed. 

General  Davis.  I  have  read  that  they  have;  yes,  sir. 

The  Chairman.  But  your  idea  woula  be,  General,  I  think,  to  throw 
the  work  open  to  any  kind  of  labor? 
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General  Davis.  I  think  the  contractor  ought  to  have  the  privilege 
of  getting  his  labor  where  he  pleases. 

liie  Chairman.  And  to  fix  the  hours,  too? 

General  Davis.  I  think  he  ought  to  fix  his  own  hours  of  work. 
I  rememl>er  here  last  winter,  indeed  in  this  city,  to  have  made  a  visit 
to  the  bridge  that  is  being  built  over  Rock  Creek,  and  I  asked  the 
engineer  officer  if  the  eight-hour  law  bothered  him  at  all.  He  said 
no;  that  that  law  applied  to  their  own  employees  that  were  paid 
from  the  Government  pay  roll,  but  that  the  contractor  paid  no  atten- 
tion to  it.  I  said :  "  AVhy,  I  do  not  understand  that.  I  do  not 
understand  how  he  has  escaped  conformity  with  the  law."  He  said : 
"  The  law  happQ;ns  to  be  so  rramed  that  no  penalty  is  provided  for  its 
infraction,  and  the  contractor  knows  that,  and  he  proceeds  without 
any  regard  to  it." 

That  is  in  the  District  of  Columbia.  I  am  not  vouching  for  the 
accuracy  of  the  statement;  I  only  know  that  I  was  so  told  by  the 
engineer  in  charge. 

Senator  Taliaferro.  Do  you  think.  General  Davis,  that  if  this 
work  is  done  by  contract  the  railroad  should  be  turned  over  to  the 
contractor  ? 

General  Davis.  I  do  not  see  how  you  can  help  it.  I  do  not  see  how 
you  can  help  it. 

Senator  Ankeny.  You  would  not  disturb  the  commercial  business? 

General  Davis.  Oh,  no,  sir;  no,  sir. 

Senator  Ankeny.  The  contractor  would  regulate  his  own  work  to 
the  railroad  business? 

General  Davis.  I  think  if  he  was  a  wise  contractor  he  would  take 
very  good  care  to  increase  it.  He  would  seek  to  increase  that  com- 
mercial work  if  he  was  a  wise  man. 

Senator  Taliaferro.  It  would  be  your  idea,  however,  that  the 
Government  should  fix  the  commercial  rates? 

General  Davis.  Oh,  of  course  they  should  fix  an  upset  price  which 
should  not  be  exceeded  for  the  transfer  of  freight  across  the  Isthmus. 

Senator  Taliaferro.  So  as  not  to  discourage  that  business? 

General  Davis.  So  as  not  to  discourage  it;  no,  sir;  and  then  com- 
pel him  to  handle  it  and  put  him  under  penalties  for  failure  to  do  so. 

Senator  Taliaferro.  And  give  him  the  profits? 

General  Davis.  And  give  him  the  pronts — oh,  yes.  He  ought  to 
have  the  reward  if  he  incurs  the  responsibility. 

Senator  Taliaferro.  Ordinarily,  of  course,  the  Government  would 
be  entitled  to  something  for  the  use  of  its  property. 

General  Daves.  Speaking  of  other  engineering  works,  the  jetty  at 
Colombo  is  one  of  the  greatest  pieces  of  engineering  in  the  world. 
There  is  scarcely  any  exceeding  it  in  importance.  You  have  there  a 
jetty  built  of  solid  masonry  that  has  to  meet  the  whole  northeast  mon- 
soon of  the  Indian  Ocean.  I  have  seen  waves  dashing  against  that 
jetty  and  rising  a  hundred  feet  into  the  air,  with  a  noise  like  the  boom- 
ing of  a  cannon,  when  they  pounded  away  at  that  jetty.  That  was  all 
built  by  a  contracting  engineer,  Sir  John  Coode  &  Co.,  of  England. 

The  contracting  engineers  of  Europe  have  had  a  scope  much 
greater  than  our  contractors  in  America  have  had.  The  subway 
contract  is  the  only  large  one  that  I  now  recall  over  here. 
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Senator  Taliaferro.  General,  a  good  deal  has  been  said  about  the 
lands  that  would  be  submerged  by  these  lakes — the  one  at  Gatun,  un- 
der the  lock  system,  and  the  other  at  Bohio,  is  it? 

General  Davis.  At  Gamboa. 

Senator  Taliaferro.  At  Gamboa,  under  the  sea-level  system.  Will 
you  give  us  your  views  as  to  that  ? 

General  Davis.  I  stated  them  to  the  Board;  I  gave  them  all  the 
data  I  had.  I  collected  it  while  I  was  there  as  governor  of  the  2k>ne. 
I  cast  up  the  quantibr  of  land  that  we  received  oy  transfer  from  the 
French  Company.  I  found  the  number  of  parcels  and  the  claimed 
area,  and  then  I  computed  the  area  of  the  Zone  as  represented  by 
those  very  irregular  lines.  I  found  out  what  area  of  land  the  Panama 
Railroad  claimed  to  own.  I  found  out  what  particular  parcels  of 
land  were  known  to  be  vested  in  the  State  at  the  time  we.  took  over 
the  Zone.  With  that  data  I  made  up  a  tabulation  of  what  looked 
to  me  like  the  way  the  equities  lay — the  way  they  were  situated  in 
respect  to  land  ownership ;  and  it  is  all  printed  in  the  report  of  the 
Board  of  Consulting  Engineers.  That  data  is  all  laid  down  there  in 
the  minutes  of  one  of  their  meetings,  I  think.  I  can  not  recall  just 
at  this  moment  the  amount ;  but,  speaking  generaly,  the  claimed  own- 
ership of  the  United  States  to  land  received  by  purchase  from  the 
New  French  Canal  Company  and  land  received  by  virtue  of  its 
ownership  of  the  stock  of  the  Panama  Railroad— there  are  those  two 
categories — and  the  lands  that  it  received  by  cession  from  the  Repub- 
lic of  Panama,  together  make  up,  I  think,  about  three-quarters  of  all 
the  land  in  the  Zone,  so  far  as  I  could  arrive  at  it  by  the  best  calcu- 
lation I  could  make,  in  the  making  of  which  I  had  to  do  almost  all 
of  it  as  guessing.  In  other  words,  the  data  do  not  exist  for  making 
an  accurate  schedule  of  land  ownership  within  the  Canal  Zone. 

Senator  Ankent.  Have  they  no  records  of  deeds  or  titles,  General  ? 

General  Davis.  They  have  a  record  or  deed  of  this  sort :  "  Begin- 
ning at  such  a  place  on  the  bay,  and  running  to  a  tree  on  top  of  a 

Senator  Ankent.  Not  any  specific  surveys,  then  ? 

General  Davis.  Oh,  no;  nothing  specific — "thence  to  the  comer 
of  a  fence  somewhere  else."  They  have  no  metes  and  bounds  in  the 
sense  that  the  term  should  convey.  But  then  I  found  that  when  we 
undertook  to  take  possession  of  any  particular  piece  of  land  and 
make  use  of  it  in  some  way,  like  constructing  nouses  upon  it,  or 
something  of  that  kind,  I  was  very  often  tangled  up  with  claimants 
of  adverse  possession,  or  of  some  right  by  prescription,  or  something 
of  that  kind ;  or  else  it  would  be  asserted  that  this  man  had  owned 
this  land  for  so  many  generations,  and  the  deeds  had  been  burned  up, 
and  he  did  not  know  where  they  were,  but  it  was  a  common,  notorious 
fact  that  he  owned  that  land,  and  that  when  that  other  person  sold 
it  to  the  French  Company  he  sold  something  he  did  not  own.  And 
so  the  titles  to  land,  and  certainly  the  boundaries  to  the  parcels  of 
land  in  the  Zone,  are  in  a  state  of  utmost  confusion. 

Senator  Ankeny.  Digressing  a  little,  would  it  not  be  well,  if  we 
proceed  with  that  work,  to  name  a  date  in  which  all  of  these  titles 
must  be  recorded  or  settled  in  some  way,  as  we  would  do  in  Wyoming, 
for  instance? 

General  Davis.  I  think  the  precedent  that  we  followed  in  Cali- 
fornia is  a  good  one. 
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Senator  Ankbny.  Yes. 

Greneral  Davis.  That  of  having  a  court  of  land  titles,  or  whatever 
you  may  call  it.    You  know  the  name  better  than  I. 

Senator  An  ken  y.  Yes;  I  know  about  that. 

General  Davis.  We  did  the  same  thin^  in  the  Philippines,.  There 
there  is  a  "  court  of  land  "  something;  1  do  not  recall  the  title. 

Senator  Ankeny.  But  ought  there  not  to  be  some  date  on  which 
these  conflicting  titles  should  be  settled  in  some  way,  and  the  owner- 
ship at  a  certain  date,  for  instance,  established  ? 

(jeneral  Davis.  The  proposition  of  Governor  Magoon  seems  to  me 
an  admirable  one,  and  that  is  to  announce  by  public  advertisement. 

Senator  Ankbny.  What  did  you  do  down  there  about  this  thing; 
anything? 

General  Davis.  Oh,  I  could  do  nothing  except  to  refer  them  to  the 
courts  and  let  them  litigate,  and  they  never  got  anywhere  in  the 
courts.  That  is  to  say,  they  never  can  reach  any  conclusion.  Our 
courts  had  only  been  established  in  the  Zone  a  very  short  time  at  the 
time  that  I  refer  to. 

Senator  Ankeny.  Would  it  be  possible  for  us  to  say  that  on  such  a 
date  as  your  judgment  dictated  the  titles  to  these  lands  must  be 
recorded,  or  they  would  belong  to  our  Government  after  that  date? 
Could  we  do  that? 

General  Davis.  Oh,  ves,  sir ;  I  think  so. 

Senator  Morgan.  We  can  do  any  kind  of  robbery  down  there  we 
want  to.     [Laughter.] 

Senator  Ankeny.  That  is  not  robbery,  sir. 

Senator  Morgan.  There  is  no  restraint  on  us  that  I  know  of. 

Senator  Ankeny.  It  is  simply  an  adjustment  of  titles. 

General  Davis.  I  think  there  would  be  no  trouble  in  adjusting 
those  titles,  but  I  think  you  would  have  to  give  public  notice  that 
every  man  can  come  in  and  make  a  "  show  down  "  or  his  pretension  to 
title  to  this  land  and  provide  that  this  court  shall  then  proceed  to 
adjudicate  as  between  A  and  B  and  C,  and  perhaps  one  of  those  will 
be  the  Government  of  the  United  States. 

The  Chairman.  They  will  prove  title  by  their  neighbors  down 
there,  will  they  not? 

General  Davis.  There  will  be  all  kinds  of  proof;  there  will  be  the 
tallest  kind  of  swearing  there. 

The  Chairman.  Where  are  we  going  to  swear.  General  ?  Have  we 
any  opportunity  to  do  anything  ot  that  kind  ? 

Greneral  Davis.  We  stand  in  about  the  same  position  that  the  Gov- 
ernment alwavs  stands  when  it  is  a  plaintiff  in  a  suit.  I  have  been 
connected  with  land  condemnations  here  in  the  United  States  when  I 
saw  the  United  States,  as  I  thought,  robbed  roundly ;  but  there  was  no 
help  for  it. 

The  Chairm'an.  I  think  we  had  better  have  a  board  appointed, 
then,  and  put  the  General  at  the  head  of  it. 

General  Davis.  We  took  the  land  by  the  right  of  eminent  domain, 
and  had  appraisers,  and  all  that;  but  the  appraised  value  was  some- 
thing tremendous. 

Senator  Ankeny.  Pardon  me  there  just  one  moment.  In  that 
adjustment  would  you  not  first  contemplate  an  official  survey  of  our 
boundaries,  for  instance? 
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General  Davis.  I  do  not  think  our  rectangular  survey  would  be 
applicable  there  at  all.  There  ought  to  be  a  survey  of  the  whole 
Zone,  of  course. 

Senator  Ankeny.  Meanderings  and  all  ? 

General  DA\as.  It  oueht  to  be  a  topographical  survey,  and  then  let 
everybody  claim  where  ne  pretends  his  lines  run. 

Senator  Ankeny.  I  do  not  see  how  you  can  proceed  without  it. 

General  Davis.  It  will  have  to  be  done,  sir.  It  will  have  to  be 
done,  and  it  will  unquestionably  be  done. 

Senator  Kittredge.  In  the  event  that  a  lock  canal  should  be  con- 
structed at  Panama,  have  you  any  opinion  to  express  regarding  the 
amount  that  it  will  cost  us -to  pay  for  submer^d  lands? 

General  Davis.  I  stated  beiore  the  Consulting  Board  that  it  was 
impossible  for  me  to  make  an  approximation  to  the  figure  that  we 
would  have  to  pay  for  the  land.  If  I  could  answer  the  question  by 
stating  what  I  believe  the  land  to  be  worth,  I  should  say  that  the  sum 
to  be  paid  would  not  be  large.  But  unfortunately  the  Government 
of  the  United  States  very  seldom  gets  land  by  paying  what  it  is  worth. 
It  is  usual  for  the  United  States  to  pay  three  or  four  times  the  price 
of  the  land,  and  these  Panamans  understand  the  art  of  getting  money 
out  of  their  own  Government  or  out  of  our  Government  or  any  gov- 
ernment as  well  as  the  most  skillful  of  our  people  do.  I  think  we  will 
have  to  pay  very  high  prices  for  a  great  deal  of  this  almost  worth- 
less land.     I  think  it  is  inevitable  that  we  will. 

Senator  Morgan.  Well,  General,  all  of  the  questions  about  the  con- 
demnation of  lands  in  the  Zone  and  outside  of  the  Zk>ne  are  arranged 
pretty  specifically  by  the  Hay-Varilla  treaty? 

General  Davis.  Yes,  sir ;  there  is  a  plan  provided. 

Senator  Morgan.  And  commissioners  have  been  appointed  by  both 
Governments  to  take  up  those  cases  and  decide  them  * 

General  Davis.  Yes,  sir. 

Senator  Morgan.  What  is  the  use  of  any  intervention  by  the  courts? 

General  Davis.  I  will  try  to  answer  that  question  by  relating  my 
own  experience  in  attempting  to  carry  out  the  orders  of  the  Govern- 
ment. 

It  was  decided  by  the  Isthmian  Canal  Commission,  and  concurred 
in  by  the  Secretary  of  War,  that  a  certain  parcel  of  ground  adjoining 
land  owned  by  the  United  States  near  the  city  of  Panama  was  neces- 
sary for  canal  purposes.  I  was  instructed,  as  governor,  to  take  the 
freliminary  steps  and  see  if  a  purchase  of  that  land  could  be  effected., 
had  an  interview  with  the  owner  and  endeavored  to  get  him  to  name 
a  price.  It  was  some  time  before  he  was  willing  to  name  any  figure, 
but  at  last  he  did.  The  land  in  question  was  principally  lying  on  the 
slopes  of  Ancon  Hill;  one-third  of  it,  or  perhaps  one-half  oi  it,  was 
available  for  building  purposes.  The  other  portion  was  a  steep  de- 
clivity, reaching  to  the  height  of  630  feet,  and  useless  for  almost  every 
purpose — that  is,  I  mean  to  say  these  upper  slopes. 

At  last  the  owner  named  a  price  which  was,  to  my  mind,  about  ten 
times  the  value  of  the  land.  I  found  out  what  he  had  paid  for  the 
land  a  few  years  before,  and  he  was  asking  about  ten  times  as  much  as 
he  had  paid  a  few  years  before.  That  is,  he  had  bought  it  after  the 
old  French  Canal  Company  had  started  on  its  boom;  and  yet  he 
wanted  ten  times  as  mucn  as  he  had  paid. 
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I  reported  these  facts.  They  told  me  to  proceed  under  the  treaty. 
I  asked  the  Secretary  of  War  to  name  two  men  to  represent  the 
United  States  in  that  board  of  arbitration.  It  is  not  called  a  board 
of  arbitration,  but  a  board  of  land  appraisement.  Notice  was  sent 
to  the  Panama  Goverimient  to  name  two  persons  to  represent  it,  pro- 
ceeding always  under  the  treaty.  They  did  so.  These  four  men  met 
in  the  Isthmus  of  Panama  and  discussed  the  question  of  this  land  and 
its  value.  The  Hay-Bunau-Varilla  treaty  provided  for  a  fifth  mem- 
ber of  the  board  in  case  the  four  members  could  not  agree.  Fortu- 
nately it  was  not  necessary  to  go  as  far  as  that;  and  the  four  men 
finally  reached  an  agreement  that  we  should  pay.  for  these  thirty-odd 
acres  of  land,  including  one-third  in  a  precipice,  $41,700  gold.    That 

Srice  was  referred  to  Washington.  The  Commission  and  the  War 
department  felt  that  they  had  pursued  the  legally  required  steps  in 
arriving  at  the  price,  and  that  there  was  no  likelihood  of  getting  a 
lower  price  bv  resorting  to  the  method  provided  in  the  treaty  of 
selecting  a  referee,  whic^  referee  had  to  be  agreed  upon  by  the  two 
Governments;  and  as  the  time  was  passing,  authority  was  given  to  mo 
to  proceed  and  accept  the  appraised  price,  inform  the  owner  of  the 
appraisement,  and,  if  he  was  willing  to  accept  it,  let  him  proceed  to 
make  his  deeds.  He  was  notified;  he  made  his  deeds;  they  were 
recorded;  the  title  passed  to  the  United  States,  and  the  auditing 
department  paid  the  money. 

Senator  Morgan.  What  was  the  necessity  for  having  such  a  high- 
priced  piece  of  land  there  ? 

General  Davis.  It  was  deemed  to  be  essential  for  the  requirements 
of  the  canal.  It  was  exactly  on  the  edge  of  this  very  large  hospital 
that  the  French  company  had  built.  There  was  not  a  square  rod  of 
land  in  that  neighborhood  where  quarters  could  be  erected  for  the 
Government  officers. 

Senator  Knox.  How  much  did  you  pay  for  it  more  than  it  was 
really  worth? 

General  Davis.  I  think  about  four  or  five  times  what  it  was  worth. 
I  think  it  was  four  or  five  times  what  the  man  could  have  gotten  for 
it  on  the  ground  by  private  sale. 

Senator  Dryden.  Were  the  appraisers  on  the  part  of  the  United 
States  Government  Americans  ? 

General  Davis.  Yes,  sir;  both  of  them  were  Americans.  Both  of 
them  were  persons  selected  by  the  Secretary  of  War,  and  men  of  high 
character. 

Senator  Knox.  General,  when  you  say  that  we  paid  four  or  five 
times  as  much  as  it  was  worth,  what  is  the  basis  of  your  pergonal 
judgment  as  to  the  value? 

General  Davis.  The  prices  at  which  transfers  are  made  now  and 
then  of  similar  lands  under  similar  conditions. 

Senator  Knox.  In  the  same  locality  ? 

General  Davis.  Not  exactly  the  same  locality,  but  close  by. 

Senator  Dryden.  Coming  back  to  the  cost  of  purchasing  all  these 
lands  that  are  to  be  submerged,  it  has  been  stated  bv  one  witness  that, 
in  his  judgment,  it  would  probably  cost  the  Government  about 
$18,000,000  to  buy  those  lands.     Have  you  read  that  ? 

General  Davis.  Yes,  I  know;  I  think  I  have  read  that,  and  I 
believe  another  man  said  twenty-five  millions. 
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Senator  Drtden.  Yes. 

General  Davis.  I  do  not  think  that  the  price  would  go  up  to  anj 
such  figure ;  I  think  it  will  be  a  large  figure,  though  I  do  not  think  it 
would  go  up  to  that  amount.  I  can  not  see  the  basis  for  a  fiigure  so 
high  as  that. 

Senator  Ankeny.  Approximatelv,  in  vour  opinion,  what  would 
it  be? 

General  Davis.  Oh,  well,  I  am  afraid  to  approximate  it;  but  I 
think  it  will  be  some  millions  of  dollars.  I  feel  confident  of  that.  I 
think  the  minority  of  the  Commission  stated  some  fijjures,  and  based 
eome  of  their  calculations  on  what  the  Panama  Railroad  paid  per 
acre  for  shnilar  land  fifty-odd  years  ago.  I  do  not  think  that  that 
precedent  has  any  value  at  all. 

Senator  Knox.  What  is  the  character  of  these  submerged  areas— 
that  is,  the  ones  that  it  is  proposed  to  submerge? 

Greneral  Davis.  Oh,  they  are  low.  Of  course,  all  of  the  lands  that 
will  be  submerged  are  necessarily  lowlands. 

Senator  Knox.  Are  they  occupied? 

General  Davis.  Only  on  the  margins  of  the  streams.  Ninety-nine 
per  cent  of  all  the  cultivated  land  in  the  Canal  Zone  is  devoted  to 
one  crop,  and  that  is  bananas. 

Senator  Knox.  Then  your  fear  that  it  will  cost  us  a  very  large 
sum  of  money  is  not  based  upon  the  intrinsic  value  of  the  lands,  but 
on  the  probability  that  we  will  be  overreached  in  the  proceedings  to 
acquire  it? 

General  Davis.  Yes,  sir;  I  think  so.  I  do  not  think  that  the  ba- 
nana lands  by  themselves  have  an  actual  value,  at  the  very  outside,  of 
$100  an  acre;  and  I  think  $50  would  be  a  high  price. 

Senator  Knox.  Then,  in  its  last  analysis,  it  comes  to  this — ^that 
we  will  pay  more  than  they  are  worth ;  that  we  are  not  able  to  take 
care  of  ourselves  in  the  transaction. 

General  Davis.  Precisely. 

Senator  Taliaferro.  Is  it  not  a  fact.  General,  that  all  those  lands 
have  increased,  very  largely  in  value  since  this  Government  bought 
that  property? 

General  Davis.  Oh,  ves,  sir;  oh,  ves,  sir.  There  is  no  doubt  that 
they  have. 

Senator  Taliaferro.  Because  they  feel  that  the  canal  is  assured? 

General  Davis.  Yes,  sir. 

Senator  Morgan.  The  treaty,  though,  positively  forbids  any  addi- 
tion to  the  price  in  consequence  of  the  building  of  the  canal,  or  the 
prospect  of  Duilding  it. 

Senator  Dryden.  But  that  increase  is  largely  speculative — ^almost 
wholly  speculative ;  is  it  not,  General  ? 

General  Davis.  Oh,  yes. 

Senator  Dryden.  There  has  been  no  valid  increase  by  reason  of 
the  owners  being  better  able  to  get  their  crops  into  market  that 
would  justify  the  prices  they  are  asking?  There  is  nothing  of  that 
kind,  is  there? 

General  Davis.  There  are  plenty  of  Americans  down  there  now 
getting  options  on  this  land  for  the' very  purpose  of  finally  unloading 
it  on  the  Government. 

Senator  Simmons.  General,  are  the  Americans  to  whom  you  refer 
paying  very  high  prices  for  those  options? 


INVESTIGATION   OP   PANAMA  CANAL   MATTEBS.  849 

General  Davis.  No;  not  a  very  hich  price.  I  do  not  think  that  it 
has  gone  on  to  any  very  large  extent,  but  I  know  it  was  going  on  while 
I  was  there. 

Senator  Simmons.  What  are  the  exact  provisions  of  this  treaty 
with  reference  to  this  condemnation  proceeaing?  You  say  the  Gov- 
ernment has  two  representatives.  The  Republic  of  Panama  has  two, 
I  assume? 

General  Davis.  Yes,  sir. 

Senator  Simmons.  And  then  how  does  the  treaty  provide  for  the 
imipire? 

General  Davis.  The  Hay-Bimeau-Varilla  treaty  is  as  you  state  it 
with  respect  to  that  matter — ^that  if  the  Government  wishes  to  acquire 
any  private  lands  they  shall  be  appraised  by  a  board  consisting  of 
two  of  its  own  delegates,  the  Panama  Government  shall  be  repre- 
sented on  the  board  by  two  other  delegates  of  its  own  selection,  and  if 
these  four  can  agree,  well  and  good.  If  they  can  not  agree,  then  a 
fifth  man  is  to  be  called  in  and  appointed  by  the  two  Governments. 
These  four  men  ar^  not  to  select  him,  but  the  two  governments  are  to 
be  informed  that  the  four  commissioners  have  failed  to  agree,  and 
then  the  two  governments  are  to  enter  into  diplomatic  negotiations  or 
correspondence  and  finally  decide  who  this  firth  man  shall  be,  and  he 
then  pronounces  his  decision. 

Senator  Simmons.  While  in  the  case  that  you  recited  a  few  minutes 
ago  the  Government  seems  to  have  been  overreached  in  this  arbitra- 
tion under  that  system  of  appraisement,  is  there  any  reason  why  it 
should,  as  a  general  proposition,  suffer?  There  is  an  equal  chance 
for  the  other  Government? 

General  Davis.  Oh,  certainly. 

Senator  Simmons.  It  participates  in  the  selection  of  the  umpire? 

General  Davis.  Yes,  sir ;  but  one  government  is  to  pay  the  money 
and  the  other  one  has  not  any  money  to  pay. 

Senator  Simmons.  Your  idea  is  that  the  sympathy  would  be  with 
the  Panamans? 

General  Davis.  The  one  government,  which  has  only  a  vicarious 
interest  in  it,  would  hardly  feel  as  keenly  the  result  as  the  one  that 
had  to  respond. 

Senator  Knox.  General,  leaving  out  the  cities  of  Panama  and 
C!olon,  is  it  likely  that  the  whole  Republic  is  worth  $18,000,000? 

General  Davis.  Oh,  I 

Senator  Knox.  As  a  real-estate  transaction,  I  mean? 

General  Davis.  I  should  say  that  the  answer  to  that  would  be 
"yes." 

The  Chairman.  Do  you  not  think  that  you  might  throw  in  Colon 
in  that  deal.  General  ? 

General  Davis.  Well,  nearly  all  of  Colon  belongs  to  the  Govern- 
ment now. 

The  Chairman.  I  understand  that.  I  think  it  is  a  very  poor  asset, 
however. 

Senator  Kittredge.  General,  last  evening  you  read  a  little  memo- 
randum of  topics  that  you  had  in  mind  to  speak  about. 

General  Davis.  I  simply  thought  it  possiole  that  you  might  wish  to 

?uestion  me  on  two  or  three  of  these  other  subjects.     One  was  the 
^anama  Railroad,  which 'you  have  already  alluded  to;  the  military 
question  as  affecting  the  canal ;  earthquakes 
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Senator  Kittredge.  I  would  like  to  hear  you,  very  briefly,  about 
the  military  features  of  the  situation. 

General  Davis.  I  have  read  what  those  who  have  preceded  ine 
have  said  on  that  subject.  I  must  say  that  what  General  Ernst  said 
here  a  few  days  ago  impressed  me  as  having  considerable  force. 

It  seems  to  me  that  there  are  but  two  bases  on  which  we  can 
proceed  with  respect  to  the  military  aspects  of  the  Panama  Canal. 
One  is  to  neutralize  it,  just  exactly  as  the  Suez  Canal  was  neutralized 
in  the  Constantinople  conference  of  1888,  and  make  it  a  neutral 
channel  of  communication  entirely,  as  that  was  declared  to  be.  I 
know  that  in  1882  the  English  Government  closed  it  for  a  day  or 
two,  but  in  1888  the  Constantinople  conference  agreed  that  "that 
canal  should  be  neutralized  forever. 

Now,  under  that  neutralitv  condition,  which  had  been  in  effect 
before,  this  incident  occurred:  In  1870,  when  the  Franco-Prussian 
"  war  was  goin^  on,  a  French  vessel  and  a  German  vessel  both 
chanced  to  be  m  Lake  Timsah  at  the  same  moment  of  time,  and  a 
state  of  war  existed  between  the  two  nations.  The  date  on  which 
this  occurred  was  the  birthday  of  the  Emperor  of  the  French.  The 
Frenchmen  dressed  ship,  manned  the  yards,  and  fired  a  national 
salute,  and  the  Germans  did  the  same  thing,  in  honor  of  the  same 
event;  and  that  was  exactly  while  the  Franco-German  war  Avas  pro- 
ceeding. So  that  in  that  canal  there  was  entire  friendship,  entire 
harmony,  entire  peace.    That  is  what  is  meant  by  neutralization. 

The  other  basis  of  procedure,  it  seems  to  me,  is  that  the  United 

States,  as  proprietor,  as  owner,  as  possessor  of  all  that  sovereignty, 

y      can  give  in  the  territory — ^shall  say  to  all  the  world,  "  This  canal  is 

open  to  you,  except  in  time  of  war,  and  in  time  of  war  we  will  shut  it 

in  your  face  if  we  please.    We  will  close  it  if  we  want  to." 

We  must  take  one  of  those  two  positions,  it  seems  to  me,  with 
respect  to  the  canal.  Now,  in  the  treaty  by  which  the  Clayton- 
Bulwer  treaty  was  abrogated — I  refer  now  to  the  Hay-Pauncefote 
treaty,  the  date  of  which  I  can  not  just  now  remember;  of  course  it 
is  the  second  one  that  was  negotiated,  the  first  having  failed,  but  the 
second  was  ratified  by  both  Governments 

Senator  Kittredge.  That  was  ratified  four  years  ago  last  Decem- 
ber, General. 

General  Davis.  I  had  forgotten  the  date.  Now,  in  that  treaty 
there  is  a  section  that  copies  almost  verbatim  out  of  the  Constanti- 
nople conference  the  whole  provision  about  neutralization.  That  is 
all  brought  into  this  Hay-Pauncefote  treaty ;  and  these  two  Govern- 
ments, the  Government  of  Great  Britain  and  that  of  the  United 
States,  have  solemnly  agreed  upon  neutralization  of  that  canal  by  that 
treaty.  Other  powers  are  not  a  party  to  it,  so  far  as  I  know ;  I  pre- 
sume they  are  not ;  but  we  must  proceed  on  one  of  those  bases,  it  seems 
to  me — either  shut  the  door  in  the  face  of  anybody  we  please  at  any 
time  we  please,  or  else  say,  "  It  is  open  to  you  always." 

TVTiat  that  may  lead  to  1  know — many  dilemmas,  many  difficulties — 
but  the  situation  is  a  difficult  one. 

Senator  Morgan.  Now,  General,  is  not  this  the  proper  interpreta- 
tion of  all  of  that  doctrine:  That  the  United  States  Government,  be- 
ing the  owner  of  the  canal,  not  in  partnership  with  anybody  else  in 
its  ownership  or  in  its  management,  reserves  to  itself  the  right  to  re- 
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fuse  to  permit  its  enemy  to  use  it  in  hostilities  directed  against  the 
United  States? 

General  Davis.  That  is  rational ;  that  is  quite  rational. 

Senator  Mobgan.  And  that  is  as  far  as  we  go  in  that  proposition. 
But  as  between  other  belligerents  the  canal  is  neutral,  and  all  the 
nations  subscribe  to  the  doctrine  that  it  shall  be  kept  neutral.  Now, 
that  would  not  apply  to  a  war  between  Panama,  for  instance,  and 
Cuba.  They  can  get  into  war;  they  are  small.  Panama  would  have 
the  right,  as  I  understand  the  Hay-Varilla  treaty  and  all  the  sur- 
rounding situation,  to  insist  that  Cuba  should  not  be  permitted  to  use 
that  canal  in  belligerent  operations  against  her ;  and  if  Cuba  wanted 
to  attack  the  city  of  Panama  her  vessels  could  not  be  permitted  to  go 
through  the  canal  and  get  out  into  the  bay  and  then  make  an  attack 
upon  Panama. 

General  Davis.  No;  that  is  forbidden  by  the  Constantinople  con- 
ference at  Suez,  which  provides  that  the  canal  shall  not  be  made  the 
base  of  any  military  operations. 

Senator  Morgan.  Any  at  all? 

General  Davis.  Any  at  all  by  anybody.    That  is  declared  firmly. 

Senator  Morgan.  Of  course  that  means  that  it  shall  not  be  made 
the  base  of  military  operations  amongst  governments  that  did  not 
own  it.    There  was  no  government  ownership  of  that  canal  at  Suez  ? 

General  Davis.  No,  sir. 

Senator  Morgan.  And  here  there  is  a  distinct  ownership  by  the 
United  States. 

General  Davis.  I  would  have  no  difficulty  in  reconciling  this  with 
the  principles  you  state,  Senator,  if  it  had  not  been  that  we  nave  nego- 
tiated the  Hay-Pauncefote  treaty,  in  which  we  have  declared  that 
the  principles  of  the  Constantinople  conference  shall  apply  as  be- 
tween the  United  States  and  Great  Britain. 

Senator  Morgan.  That  means  in  like  cases,  but  not  as  against  the 
owner  of  the  canal  ? 

General  Davis.  The  exception  is  not  stated  in  the  language  of  the 
law. 

Senator  Morgan.  I  know  that;  but  there  are  a  great  many  things 
that  are  not  stated  in  diplomatic  parlance  or  language  that  are 
clearly  reserved.  That  is  my  view  of  it.  I  did  not  care  about  par- 
ticipating in  the  expression  of  any  opinion,  but  as  the  subject  w^as  up 
I  thought  I  would  state  these  things. 

General  Davis.  I  realize,  gentlemen,  that  this  is  a  subject  that  it  is 
perhaps  improper  that  I  should  discuss  at  all,  for  it  is  a  very  broad 
one  and  a  very  large  one,  and  it  is 

Senator  Morgan.  The  probability  is  that  as  long  as  this  Govern-      ^y 
ment  holds  together  it  will  never  be  discussed,  tecause  no  nation 
would  attempt  to  attack  that  canal  while  we  held  it,  unless  it  was  as  a 
part  of  a  general  war  against  us. 

Has  anv  other  gentleman  any  questions  he  wants  to  ask  ? 

General  Davis.  There  is  just  one  other  subject  that  I  wanted  to 
speak  of,  and  that  is  the  matter  of  earthquakes.    There  has  been  a 

food  deal  said  here  by  various  people  about  earthquakes.  Now,  I 
ave  read  all  that  exists  that  I  could  get  hold  of  respecting  that  phe- 
nomenon of  nature  which  has  been  felt  on  the  Isthmus  of  Panama; 
and  that  there  is  a  danger  from  earthquakes  there  is  as  certain  as 
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that  we  live.  I  presume  the  dancer  is  difficult  to  appraise  or  to  esti- 
mate; but  that  there  is  buch  a  danger  is  unquestionable.  I  believe 
that  danger  exists  everywhere.  We  did  not  think  that  it  existed  in 
1884  at  Charleston,  S.  C;  but  we  knew  in  1886  that  it  did.  And  if 
an  earthquake  like  the  one  that  occurred  at  Charleston  in  1886  (or 
was  it  1887?)  should  occur  at  Panama,  it  would  do  harm.  If  such 
an  earthquake  as  the  Charleston  earthquake  occurred  in  Washington, 
it  would  perhaps  demolish  this  building  or  injure  it  very  much.  It 
would  ^unquestionably  throw  down  the  Washington  Monument. 

So  this  aanger  of  earthquakes  is  one  that  you  can  not  evade ;  it  can 
not  be  foreseen;  it  can  not  be  appraised.  It  exists,  but  I  do  not  think 
that  it  has  any  particular  signification.  Its  influence  would  be  felt 
most  seriously  on  structures  and  less  on  ditches,  I  think. 

That  is  about  all  I  can  say  about  that  subject. 

Senator  Morgan.  But,  Gfeneral,  if  you  took  a  cube  of  basalt  8  or 
10  miles  long  and  126  feet  thick  and  200  feet  wide  out  of  the  back- 
bone of  that  mountain,  you  might  weaken  it  so  that  the  earthquake 
would  affect  it  very  seriously,  might  j^ou  not? 

General  Davis.  That  is  to  say,  mat  it  would  disturb  the  equilibrium 
of  the  mass? 

Senator  Morgan.  Yes. 

General  Davis.  That  is  quite  so ;  but  here  are  hills  and  peaks  rising 
up  on  the  Isthmus  of  Panama  all  about  you,  with  slopes  quite  as 
steep  as  are  proposed  for  Culebra;  and  there  they  stand,  and  have 
stood  for  centuries.  Thev  are  quite  as  steep,  and  they  are  all  around. 
The  Culebra  Hill  itself  has  precipitous  slopes,  and  many,  many  of 
those  hills  have  slopes  that  are — well,  I  know  that  Ancon  Hill  has  a 
slope  of  60°;  I  have  measured  it.  That  is  right  overhanging  the 
city  of  Panama ;  and  yet  it  stands  there,  and  it  is  grassed  over.  It  is 
true  that  such  slopes  stand  on  the  Isthmus.  They  are  earth  slopes, 
too. 

Senator  Morgan.  Nevertheless,  taking  out  such  a  cube  of  basalt  as 
I  have  mentioned  leading  right  through  the  backbone  of  the  Isthmus 
would  necessarily  weaken  it? 

General  Davis.  But  we  would  not  have  any  slope,  Senator,  as 
abrupt  as  some  of  those  that  nature  has  left  there. 

Senator  Morgan.  I  am  not  speaking  of  the  slope;  I  am  talking 
about  the  weakening  of  the  structure — the  backbone. 

General  Davis.  The  strength  of  the  slope,  or  the  strength  of  an 
embankment,  or  of  a  declivity,  or  of  a  mass,  is  entirely  proportionate 
to  its  slope  or  to  its  base.     Now,  if  through  natural  causes 

Senator  Morgan.  I  am  not  speaking  of  tumbling  down  the  top 
earth  into  the  ditch.  I  am  speaking  about  the  effect  of  taking  out 
that  cube  of  basalt  rock  that  binds  the  Isthmus.  When  an  earth- 
quake comes  there,  its  effect  will  be  very  much  more  felt — ^more  sensi- 
bly— than  if  the  cube  was  there  untouched  ? 

General  Davis.  But  how  would  that  apply  to  the  practicability  of 
the  canal.  Senator? 

Senator  Morgan.  Wliy,  if  the  canal  was  runninff  through  there  I 
should  think  that  there  would  be  a  great  deal  of  didocation. 

General  Davis.  In  other  words,  that  the  canal  would  be  closed  up? 
You  are  thinking  about  that? 

Senator  Morgan.  Yes. 
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General  Davis.  Then  these  banks  are  unstable;  then  that  could  not 
occur  unless  these  banks  are  weak,  unless  this  material  would  col- 
lapse, unless  these  side  walls  would  slump  off.  The  canal  could  not 
be  closed  unless  something  of  that  kind  happened,  could  it?  You 
could  scarcely  conceive  that  the  floor  would  rise  up. 

Senator  Morgan.  A  lock  or  a  sea  gate  would  be  almost  certain  to 
go  under  under  those  conditions. 

General  Davis.  If  we  had  a  tidal  wave  on  the  coast  there,  yes ;  if  it 
rolled  in  in  a  wave  60  feet  high,  as  it  did  once  on  the  coast  of  Peru, 
say,  or  as  it  did  at  the  island  of  Santa  Cruz  in  the  West  Indies. 

Senator  Morgan.  Have  you  any  information  in  regard  to  the 
earthquake  that  occurred  on  the  31st  of  January  of  the  present  j^ear? 

General  Davis.  I  only  know  of  it  by  noticing  a  brief  communica- 
tion in  the  newspaper.  I  have  not  seen  any  extended  account  of  it; 
no,  sir. 

Senator  Morgan.  It  seems  that  that  incident  has  gotten  out  of 
public  observation ;  I  do  not  know  how. 

General  Davis.  It  seems  to  have  been  some  kind  of  a  seismic  wave 
that  stretched  across  from  Buenaventura  on  the  Pacific  side  to 
Cartagena  on  the  northern  coast  of  South'  America. 

Senator  Morgan.  It  passed  clear  across  the  neck? 

General  Daves.  It  appears  so,  from  the  account. 

Senator  Morgan.  It  broke  the  cables  on  both  sides? 

General  Davis.  Well,  cables  are  breaking  all  the  time.  We  are 
having  no  end  of  trouble  with  cables.  The  cable  breaks  when  we 
know  nothing  about  what  the  cause  was.  I  know  that  in  the  Philip- 
pines I  had  no  end  of  trouble  with  the  breaking  of  cables. 
.  Senator  Morgan.  But  this  broke  one  of  these  cables — the  one  on 
the  Pacific  side — ^in  four  places. 

General  Davis.  I  do  not  think  that  the  fact  that  a  cable  is  broken 
proves  that  it  is  done  by  earthquakes  entirely. 

Senator  Morgan.  At  all  events,  it  is  a  recent  disturbance  of  an  im- 
portant character? 

General  Davis.  Yes,  sir;  yes,  sir. 

Senator  Morgan.  And  a  tidal  wave  swept  in  there  which,  accord- 
ing to  this  newspaper  account,  pretty  much  destroyed  Buenaventura. 

General  Davis.  1  do  not  know  of  the  details,  Senator.  I  have  no 
information  other  than  four  or  five  Unas  that  I  read  in  the  news- 
paper account. 

Senator  Morgan.  I  mentioned  that  in  support  of  your  proposition 
that  earthquakes  have  occurred  and  are  just  as  apt  to  occur  again  as 
not. 

General  Davis.  Yes. 

Senator  Morgan.  They  have  to  be  taken  into  the  calculation  in 
several  respects. 

General  Davis.  They  have  to  be  taken  into  the  calculation  every- 
where. You  know  very  well,  Senator,  how  in  California  twenty-fivo 
or  thirty  years  ago,  in  the  city  of  San  Francisco,  it  was  considered 
that  it  was  not  safe  to  build  any  house  more  than  two  or  three  stories 
high,  and  that  out  of  wood.  That  was  the  proposition  on  which  they 
commenced  to  build  San  Francisco.  It  was  believed  that  earthauakes 
would  throw  down  everything  that  was  in  San  Francisco  unless  it 
was  of  wood  and  of  low  altitude.    They  have  gotten  over  that.    They 
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are  now  building  houses  in  San  Francisco  10  and  12  stories  high,  out 
of  steel  and  masonry,  by  tiie  score.  They  are  goin^  up  there  all 
around  and  all  about,  xhey  are  watching  the  eifect  or  vibrations  on 
those  buildings,  and  nobody  seems  to  be  concerned  about  their  future. 
Of  course  we  do  not  know  what  the  future  will  bring  forth. 

Senator  Mobgan.  I  do  not  think  that  this  committee,  in  acting  upon 
as  serious  a  proposition  as  this,  can  fail  to  be  concerned  about  any- 
thing that  may  occur  rationally  and  that  has  occurred  heretofore 
that  will  have  an  important  bearing  upon  the  success  of  this  canal. 
We  must  be  concerned  with  it,  whether  people  are  building  sky- 
scrapers or  not ;  we  must  look  at  the  facte. 

I  want  to  ask  you  something  about  the  contour  of  the  country  be- 
tween Bohio  and  Gamboa-  It  is  the  valley  of  the  Chagres  Kiver 
running  in  there  all  the  way  across? 

General  Davmt.  Yes,  sir. 

Senator  Morgan.  After  you  leave  Bohio,  going  toward  Gamboa, 
what  would  be  about  the  narrowest  width  of  Siat  valley  of  the 
Chagres? 

General  Davis.  Oh,  the  valley  is  of  rather  irregular,  but  still  not 
extraordinarily  irregular,  widtKs.  From  Bohio  to  Gamboa  I  should 
say  that  the  valley  proper — I  mean  by  that  the  portion  of  it  that  is 
not  more  than  30  or  40  or  50  feet  above  the  sea — was  a  mile  wide,  in 
a  general  w^. 

Senator  ]M(organ.  A  mile  wide? 

General  Davis.  About  a  mile  wide. 

Senator  Morgan.  That  would  be  a  fair  average? 

General  Davis.  Of  course  it  is  narrower  and  broader  in  parts. 

Senator  Morgan.  Yes;  but  that  would  be  a  fair  average  for  the 
whole  way  up.  Now,  the  Chagres  River  between  Gamboa  and  Bohio 
meanders  through  this  valley  and  cuts  its  way  in  frequent  serpentine 
bends? 

General  Davis.  Oh,  yes ;  in  many  sharp  bends. 

Senator  Morgan.  They  are  very  numerous.  Where  does  the  rail- 
road, as  it  stands  to-day,  cross  the  Chagres  River? 

General  Davis.  It  crosses  it  at  a  place  called  Barbacoas,  which  is 
about  a  third  of  the  way  above  Bohio,  between  Bohio  and  Gamboa. 

Senator  Morgan.  Above  Bohio  ? 

General  Davis.  Above  Bohio. 

Senator  Morgan.  About  a  third  of  the  distance? 

General  Davis.  About  a  third,  as  I  remember. 

Senator  Morgan.  That  is  the  only  crossing? 

General  Davis.  That  is  the  only  place  where  the  railroad  crosses 
the  Chagres. 

Senator  Morgan.  It  used  to  cross  at  more  than  one  place,  but  those 
have  been  taken  out,  I  believe? 

General  Davis.  No,  sir ;  no ;  it  never  crossed  but  at  one  place  that 
I  ever  heard  of. 

Senator  Morgan.  ^Vjid  that  was  at  Barbacoas  ? 

General  Davis.  Barbacoas;  yes. 

Senator  Morgan.  About  what  is  the  width  of  the  valley  at  that 
railroad  crossing? 

General  Davis.  The  railroad  crosses  at  a  place  where  the  bank  on 
the  right-hand  side  approaches  closely  to  the  river  channel  by  a  high, 
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rocky  bluff;  a  point  juts  out,  and  the  line  of  rails  coming  up  from 
Colon  passes  around  this  point  and  then  shoots  directly  across  the 
stream,  so  that  one  of  the  abutments  of  the  present  Barbacoas  Bridge 
is  this  rocky  promontor}\  Then  there  are,  if  I  remember  right,  five 
spans  in  that  bridge,  each  about  90  feet  wide.  It  is  a  bridge  made  of 
iron  and  constructed  in  1854  or  1855.  It  is  the  same  identical  bridge 
that  is  there  now ;  and  the  whole  width  of  the  channel  of  the  river 
ttt  that  point,  I  should  say,  was  about,  from  memorv — it  is  easj^ 
enough  to  tell  by  the  larger  maps — 400  feet,  I  should  think,  the 
channel  proper.  I  should  hardly  say  the  channel,  but  the  river  bed  is 
about  400  feet  wide  at  high  water;  the  water  width  is  perhaps  150 
feet. 

Senator  Moroan.  The  maps  that  I  have  seen  of  that  region  of  the 
country,  particularly  those  of  the  engineers,  indicate  that  ridges  of 
lower  elevation  lie  somewhat  parallel  to  the  Culebra  elevation,  be- 
tween that  and  the  coastal  plain  going  toward  the  Bay  of  Limon. 

General  Davis.  The  one  impression  upon  your  mind  when  you  get 
upon  a  high  point  and  look  out  over  the  Isthmus  is  of  a  multitude  of 
peaks,  of  hills.  You  just  see  a  multitude  of  small  hills  rising  all 
about  you.  If  vou  get  upon  a  high  point  and  look  out,  you  can  count 
20  anywhere — t  mean  up  in  the  interior. 

Senator  Morgan.  Still  these  are  arranged  in  ridges,  are  they  not  ? 

General  Davis.  Scarcely  so,  because  if  you  study  the  drainage  of 
the  country  j-ou  can  always  tell  how  the  land  lies  by  the  way  the  rivers 
run. 

Senator  Morgan.  Yes. 

General  Davis.  The  rivers  lie  in  the  bottom  of  these  valleys,  wher- 
ever they  are  placed. 

Senator  Morgan.  The  point  I  wanted  to  get  at  was  whether  or  not 
the  ridges,  if  they  are  ridges,  or  these  series  of  hills,  run  parallel  to  the 
Chagres  River  on  both  sides  or  whether  they  run  across  it? 

General  Davis.  Oh,  there  is  no  svstem,'sir,  that  could  be  desig- 
nated, or  that  I  could  describe  at  all  events,  except  that  of  a  great 
mass  of  detached  elevations,  with  hills  going  back  from  the  river,  con- 
stantly rising,  rising,  rising  as  you  recede  from  the  river,  but  the  crest 
line  always  ragged  and  serrated  and  broken ;  and  as  these  foothills 
come  toward  the  river  they  consist  of  isolated  peaks  and  little  hog- 
backs and  smaller  and  larger  acclivities.  I  could  not  describe  it  as  a 
system  of  ridges,  Senator. 

Senator  Morgan.  Do  the  Culebra  and  Emperador  Heights  consti- 
tute a  ridge? 

General  Davis.  That  is  the  continental  divide,  and  it  is  the  rising 
of  the  land  at  that  point.  I  think  335  feet  was  the  original  elevation 
of  the  lowest  point  of  the  Culebra. 

Senator  Morgan.  Yes. 

General  Davis.  On  the  left-hand  side  of  the  Culebra  is  the  Culebra 
Hill  itself,  which  gave  name  to  the  place.  "  Culebra  "  means  "  rattle- 
snake." 

Senator  Morgan.  Yes. 

General  Davis.  And  that  hill  rises  to  about  700  or  800  feet  in  height. 
1  have  been  on  the  top  of  it.  Almost  opposite  to  it  is  another  hill  where 
Mr.  Btineau-Varilla  built  a  house,  in  which  he  lived.  That  hill  has 
about  500  or  550  feet  elevation,  and  the  canal  prism  is  excavated  right 
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between  those  two  hills.  Going  farther  east  is  Emperador  Hill, 
which  is  an  isolated  knoll  that  rises  right  up  out  of  this  general,  ap- 
proximately level  country  that  extends  from  Obispo  to  Paraiso. 

Senator  Morgan.  The  Emperador  is  on  the  east  of  the  canal? 

General  Davis.  The  Emperador  is  on  the  west. 

Senator  Morgan.  On  the  west  of  the  canal? 

Grene/al  Davis.  The  Emperador  Hill  and  the  village  are  on  the 
west. 

Senator  Morgan.  And  the  Culebra  is  on  the  east? 

General  Davis.  And  the  Culebra  Hill  is  on  the  east  side,  sir. 

Senator  Morgan.  That  is  all  right.  Now,  just  at  Gamboa,  where 
the  Chagres  River  makes  a  turn  around  a  mountain,  I  suppose 

General  Davis.  Well,  a  hill ;  I  do  not  think  the  word  "  mountain  " 
is  applicable. 

Senator  Morgan.  A  hill.? 

General  Davis.  Yes. 

Senator  Morgan.  It  has  an  elevation  of  300  or  400  feet? 

General  Davis.  Yes ;  something  like  that. 

Senator  Morgan.  In  the  turn  of  the  Chagres  River  around  that 
point,  does  this  valley  narrow  or  widen,  looking  across  from  any  part 
of  it? 

General  Davis.  The  Chagres  Valley  from  Bohio  up  to  Gramboa, 
and  still  above  that  point,  preserves  about  the  same  general  regimen ; 
but  as  you  go  higher  up  the  Chagres,  as  you  go  up  half  way  to 
Alhajuela,  the  banks  are  closing  in  all  the  time  and  narrowing  up; 
and  when  you  reach  Alhajuela,  the  gorge  is  very  narrow.  I  have 
Vieen  above  Alhajuela. 

Senator  Morgan.  Taking  the  point  of  this  ridge  around  which  the 
Chagres  River  bends,  and  looking  across  it  in  any  direction  from  that 
point,  would  there  be  a  valley  a  mile  wide? 

General  Davis.  Up  and  down? 

Senator  Morgan.  Across. 

General  Davis.  Transversely? 

Senator  Morgan.  Transversely. 

General  Davis.  The  Obispo  comes  in  at  that  point. 

Senator  Morgan.  I  know  it  does. 

General  Davis.  And  it  follows  the  lowest  ground  there  is  in  its 
course. 

Senator  Morgan."  Take  the  two  vallevs  together,  if  you  please — 
the  Obispo  Valley  and  the  Chagres  Valley,  or  the  Gamboa  oam  site 
in  the  Chagres  Valley — if  you  get  on  this  point  of  rising  so  that  you 
can  see  across  the  country  there  is  a  valley  there  a  mile  wide? 

General  Davis.  The  Obispo  or  the  valley  of  the  Chagres,  whidi? 

Senator  Morgan.  Both. 

General  Davis.  Oh,  the  valley  of  the  Chagres  is  approximately  a 
mile  wide,  although  there  are  many  places  where  it  is  not  half  a  mile 
wide. 

Senator  Morgan.  I  am  talking  about  this  particular  place. 

General  Davis.  At  that  particular  place  where  the  Gambit  dam  is 
proposed  to  be  built,  we  know  exactly  what  its  widtii  is  there.  It  is 
all  shown  on  these  maps. 

Senator  Morgan.  You  measured  that  in  order  to  get  locations  for 
the  abutments  of  the  dam? 

General  Davis.  Exactly ;  yes,  sir. 
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Senator  Morgan.  How  is  it  below  that? 

General  Davis.  Below  that  it  widens  a  little,  and  at  places  consid- 
erably, and  then  pitches  in  again,  so  that  you  have  not  a  regular 
width  at  all ;  but  at  Dlaoes  I  think  it  may  be  a  mile  wide. 

Senator  Morgan.  Now,  take  the  axis  of  the  canal,  which  has  been 
located  here  as  being  a  mile  away  from  this  dam  that  the  majority 
propose  to  build  there  for  the  protection  of  the  sea-level  canal 

General  Davis.  Oh,  it  is  not  more  than  half  a  mile,  Senator. 

Senator  Morgan.  Half  a  mile? 

General  Davis.  Not  a  half  a  mile. 

Senator  Morgan.  I  thought  that  was  a  mile. 

General  Davis.  No;  it  is  not  more  than  a  third  of  a  mile. 

Senator  Morgan.  I  will  take  the  axis  of  the  canal,  then. 

General  Davis.  Yes,  sir. 

Senator  Morgan.  And  also  the  dam.  It  is  half  a  mile  between  the 
two? 

General  Davis.  Yes,  sir. 

Senator  Morgan.  Is  that  level  ground,  or  comparatively  level? 

General  Davis.  No,  no;  not  comparatively  level.  There  is  very 
little  level  ffround  anywhere  in  that  region. 

Senator  Morgan.  1  do  not  mean  dead  level,  like  a  table  top. 

General  Davis.  Oh,  no;  I  understand.  But  there  are  great  vari- 
eties in  the  surface  in  almost  any  quarter  of  a  mile.  There  are  a 
good  many  changes  of  level  in  any  quarter  of  a  mile. 

Senator  Morgan.  I  know ;  but  are  there  any  prominent  ridges  that 
come  up  and  intercept  it? 

General  Davis.  No,  sir. 

Senator  Morgan.  It  is  a  valley?  Generally  described,  it  is  a  val- 
ley* 

General  Davis.  Yes,  sir ;  yes,  sir. 

Senator  Morgan.  Then  you  put  in  the  Obispo  Valley,  coming  into 
that? 

General  Davis.  Yes,  sir. 

Senator  Morgan.  That  still  further  widens  the  area  between  the 
ridges  ? 

General  Davis.  At  the  point  where  it  debouches,  as  you  sail  up  the 
Chagres  (as  I  have  done  in  a  canoe),  you  would  not,  unless  told,  know 
that  there  was  any  stream  coming  in  there  at  all.  There  are  some 
overhanginff  boughs,  some  overhanging  trees,  and  they  say :  "  That 
is  the  mouth  of  the  Obispo."  It  does  not  look  like  anything  but  a 
bayou.     I  am  talking  now  about  low  stages  of  the  river. 

Senator  Morgan.  Yes. 

General  Davis.  It  is  30  or  40  feet  wide,  not  more;  and  it  looks  just 
like  a  little  bit  of  a  tuming-out  place.  But  that  is  really  where  the 
Obispo  comes  in. 

Senator  Morgan.  I  suppose.  General,  that  the  jungle  is  so  thick 
through  that  country  that  oy  visual  observation  you  can  not  tell  much 
about  it? 

Greneral  Davis.  You  can  not  tell  anything  at  all  about  it  unless  you 
cut  it  out. 

Senator  Morgan.  Until  you  cut  it  out? 

General  Davis.  Until  you  cut  it  out;  no,  sir. 

Senator  Morgan.  It  is  as  thick  as  that? 
ENO I  c— 06 56 
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General  Davis.  Oh,  yes;  it  is  every  where. 

Senator  Morgan.  The  point  that  I  am  trying  to  get  at,  and  to 
which  I  will  direct  your  attention  more  particularly,  is  whether  or 
not  a  retention  basis  can  be  put  in  below  the  Obispo  dam  so  as  to 
control  or  assist  in  controlling  the  flood  waters  coming  out  of  the 
Obispo  and  the  Chagres? 

General  Davis.  There  can  be  no  dam  built  below  the  Gamboa  dam, 
across  the  Chagres,  and  below  the  mouth  of  the  Obispo.  It  can  be 
done.  It  will  cost  four  or  five  times  as  much  as  it  wiU  to  build  a 
dam  at  Gamboa. 

Senator  Morgan.  I  do  not  mean  to  have  you  understand  that  I  am 
discarding  the  Gamboa  dam.     I  am  letting  that  dam  stand. 

General  Davis.  Oh,  I  did  not  understand  you,  then. 

Senator  Morgan.  I  am  providing  for  a  case  in  which  your  calcu- 
lation might  possibly  prove  too  enthusiastic  in  favor  of  the  retaining 
power  of  that  dam  as  to  the  body  of  water  above  it. 

General  Davis.  Yes,  sir. 

Senator  Morgan.  And  where  you  might  have  to  construct  another 
basin  below  that  as  a  regulating  work. 

General  Davis.  If  the  ideaoe  a  sea-level  canal,  the  canal  would 
traverse  this  basin. 

Senator  Morgan.  I  know  it  would. 

General  Davis.  Because  the  canal  axis  must,  or  at  least  does,  follow 
the  lowest  ground. 

^enator  Morgan.  Yes;  but  I  have  not  a  sea-level  canal  in  my 
mind  in  asking  this  question. 

General  Davis.  Oh,  I  see. 

Senator  Morgan.  Now,  I  will  take  such  a  basin  as  that:  What 
would  be  the  superficial  area,  or  about  the  acreage,  that  could  be 
gotten  in  there? 

General  Davis.  Supposing  that  you  put  the  proposed  dam  just 
below  the  mouth  of  the  Obispo,  if  I  understand  you  correctly? 

Senator  Morgan.  Well,  yes. 

General  Davis.  At  the  mouth  of  the  Obispo,  or  just  below  it — I 
will  say  at  Matachin  ? 

Senator  Morgan.  Yes. 

General  Davis.  That  is  the  name  of  a  locality  there  that  has  been 
spoken  of  as  a  site  for  locks  by  somebody. 

Senator  Morgan.  Yes. 

General  Davis.  The  distance  of  Matachin  from  the  proposed  site 
of  the  Gamboa  dam  would  be,  at  the  most,  three-quarters  of  a  mile. 
Your  reservoir,  or  your  basin,  would  be  three-quarters  of  a  mile  long. 

Senator  Morgan.  And  how  wide? 

General  Davis.  It  would  be  the  width  of  the  valley,  depending  on 
the  height  of  your  dam.  But  supposing  your  dam  to  be  50  feet 
above  the  present  water  level,  I  fancy  that  the  reservoir  in  that  space 
would  be  half  a  mile  wide — ^something  like  that.    This  is  only  ap- 

Eroximate  guessing.    I  could  not  give  it  any  more  accurately  than 
y  saying  that  it  would  be  half  a  mile  wide,  and  three-quarters  of  a 
mile  irom  your  proposed  dam  up  to  the  Gamboa  dam. 

Senator  Morgan.  Is  there  room  for  a  sea-level  canal  and  also  for 
a  drainage  canal — I  will  call  it  a  drainage  canal — or  an  opening  to 
convey  the  flood  waters  that  may  escape  from  the  Gamboa  dam  along 
the  general  direction  of  the  Chagres  River,  cutting  across  it  when  it 
is  necessary  to  go  across  it,  so  as  to  reach  the  Gigante  River,  and  pass 
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that  water  out  through  the  watershed  of  the  Gigante  into  the  Pena 
Blanca  Swamp  or  any  other  stream  beyond? 

General  Davis.  No  ;  you  can  not  do  that,  Senator. 

Senator  Morgan.  You  can  not  do  it! 

General  Davis.  No,  sir;  nature  is  against  you.  The  spillway  of 
the  Gigante  is  about  70  feet  above  the  sea ;  and  it  would  be  necessary, 
in  order  to  keep  the  water  up  to  that  level  from  the  Obispo  all  the  way 
down  there,  to  build  an  emoanlonent  alongside  of  the  sea-level  canal 
70  feet  high  all  that  distance — 14  miles,  or  something  like  that — 
which  would  be  an  impossible  proposition. 

Senator  Morgan.  Unless  you  took  the  spoil  out  of  the  sea-level 
canal  and  built  a  bank  of  it. 

General  Davis.  Oh,  yes;  but  there  are  methods  of  treating  it  which 
are  so  much  better  than  that  that  it  seems  to  me  that  shomd  be  dis- 
carded at  once ;  because  you  can  not  make  the  Gi^nte  reverse  its  flow 
over  its  own  sources  70  feet  high,  and  feed  water  into  it  that  comes  at 
a  level  of  40  or  30  feet  or  some  other  lower  level. 

Senator  Morgan.  A  dam  at  the  proposed  site  at  Bohio  would  not 
be  sufficient  to  carry  the  water  across  the  watershed  into  the  Peiia 
Blanca  Swamp? 

General  Davis.  I  do  not  think  I  quite  catch  the  question. 

Senator  Morgan.  You  build  a  dam  across  the  mouth  of  the  Gigante 
River  for  the  purpose  of  throwing  the  water  back  over  its  waterSied  ? 

General  Davis.  Yes,  sir. 

Senator  Morgan.  How  high  would  that  dam  have  to  be? 

General  Davis.  That  dam  will  have  to  be — I  can  not  tell  you  now 
which  is  which,  but  one  is  45,  and  one  is  55,  and  one  is  about  65  feet 
high.     There  are  three  of  those  dams. 

Senator  Morgan.  That  is  only  half  as  high  as  the  Gamboa  dam  ? 

General  Davis.  Yes,  sir;  something  like  that. 

Senator  Morgan.  Only  half  as  hi^  ? 

General  Davis.  Sometning  like  that. 

Senator  Morgan.  So  that  it  would  be  practicable,  with  a  dam  of 
that  sort,  to  collect  the  overflow  of  the  waters  from  the  Obispo  or 
from  the  upper  Chagres  that  might  escape  the  Gamboa  dam  and  take 
it  out  with  that  dam  50  or  60  feet  high  across  the  watershed  of  the 
Gigante? 

General  Davis.  But  you  would  have  a  tremendous  proposition  to 
carry  a  channel  for  that  water  all  the  way  down  to  the  Gigante.  It 
is  miles  and  miles  of  distance  that  you  would  have  to  carry  tnat  water 
before  it  would  get  to  the  Gigante. 

Senator  Morgan.  It  does  not  appear  to  me  to  be  any  more  formid- 
able a  proposition  than  shutting  the  affluents  out  of  the  sea-level  canal. 

General  Davis.  The  Obispo,  three  hundred  days  in  the  yeav^  is  a 
brook  that  you  can  step  across. 

Senator  Morgan.  So  much  the  better  for  the  work. 

General  Davis.  It  is  a  brook  you  can  step  across ;  but  in  the  times 
of  flood  it  is  a  roaring  torrent,  just  boiling  with  mud  and  water. 

Senator  Morgan.  And  it  gets  very  high  very  quickly  ? 

General  Davis.  Yes;  it  gets  very  high  very  quickly,  and  it  goes 
-down  just  as  quickly  as  it  goes  up.  But  that  stream,  under  its 
active  conditions,  under  its  most  violent  moods,  is  going  to  send 
dcrwn,  perhaps,  10,000  second-feet  of  water — somethmg  like  that. 
I  can  not  say,  right  offhand,  what  it  is,  and  as  I  told  you  yesterday 
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the  River  Weaver  empties  38,000  second-feet  into  the  Manchester 
Canal  every  year  at  times  of  flood. 

Senator  Morgan.  I  know  about  the  comparison  between  tBat  and 
the  Manchester  Canal,  but  at  the  same  time,  while  I  am  not  exactly 
alarmed,  I  am  pretty  apprehensive  as  to  the  Obispo,  which  is  not 
taken  care  of  by  the  Gamboa  dam  at  all. 

General  Davis.  No,  sir;  there  is  no  attempt  to  take  care  of  it  by 
that  dam. 

Senator  Morgan.  I  am  apprehensive  that  that  Obispo  River,  pour- 
ing into  a  sea-level  canal,  might  give  you  a  great  deal  of  discomfort, 
if  not  danger. 

Genaral  Davis.  There  is  one  phase  of  this  case,  or  one  uncertainty 
about  it,  that  perhaps  may  be  cleared  up  by  a  statement,  and  I 
judge  from  the  questions  of  other  witnesses  before  the  committee 
that  there  is  some  misunderstanding  about  it  That  is  this:  The  di- 
version channels  proposed  by  the  majority  for  the  Chagres  River  are 
to  be  used  only  durms  the  period  of  construction.  As  soon  as  the 
canal  is  made  those  oiversion  channels  may  grow  up  to  jungle,  or 
be  filled  up  or  disappear  and  be  obliterated.  The  canal  itself  becomes 
the  ultimate  drainage  of  the  whole  country.  The  canal  itself  carries 
off  all  the  flood  flow  after  it  is  once  made. 

Senator  Hopkins.  Does  all  the  water  of  the  Chagres  River  flow 
into  the  sea-level  canal  under  that  plan? 

General  Davis.  Every  drop  of  it  that  went  into  the  canal  at  all 
would  come  in  through  the  (jamboa  dam,  and  that  would  be  a  regu- 
lated flow  of  never  to  exceed  15,000  second-feet,  and  always  perfectly 
clear,  limpid  water. 

That  is  the  proposition  of  the  majority,  after  the  canal  is  once 
made.  These  diversion  channels  will  be  convenient  accessories  dur- 
ing the  making  of  the  canal,  but  after  it  is  once  made,  then  the 
majority  propose  to  discontinue  the  use  of  the  diversion  channels 
and  let  the  water  take  its  lowest  level  for  escape  to  the  sea,  which  is 
the  canal  itself. 

As  to  these  figures  that  I  read  yesterday  in  regard  to  the  storage 
capacity  of  the  Gamboa  dam,  it  is  a  fact  (which  is  as  certain  as 
that  we  know  how  much  water  passes  over  the  Great  Falls  of  the  Po- 
tomac) that  the  mean  flow  of  the  Chagres  River  for  thirteen  years 
was  3,164  second-feet;  that  is,  the  mean  flow  of  the  river,  taking  no 
account  of  four  or  five  floods  that  may  occur  in  a  year.  In  the  year 
I  was  on  the  Isthmus  there  was  not  a  flood  at  all  that  would  raise 
the  water  5  or  6  feet.  But  those  floods  do  occur  once  in  a  while. 
Leaving  out  the  question  of  floods,  3,164  second-feet  is  all  the  water 
there  is  in  the  Chafes  River  at  Gamboa.  There  is  not  another  drop 
there.  Now,  to  allow  3,164  second-feet  to  flow  into  the  canal  is 
nothing;  it  is  a  mere  trifle ;  it  counts  for  nothing;  it  is  insignificant 

As  I  read  yesterday,  the  biggest  flood  that  ever  occurred  in  the 
Chagres  River  in  the  history  or  man,  at  least  so  far  as  man  knows 
anything  about  it,  was  in  the  flood  of  1879,  when,  according  to  the 
testimony  of  one  individual  (Mr.  Sosa),  the  water  at  Gamboa  got  up 
36  feet.  He  says  that  the  natives  told  him  that  the  water  went  up  to 
such  and  such  and  such  a  point,  and  he  made  a  note  of  it  in  his  note- 
book, and  that  is  the  record  on  which  that  flood  of  1879  is  computed. 

That  flood  probably  sent  out  a  flow  at  Gamboa  for  a  few  minute, 
maybe  an  hour,  of  79,000  second-feet,  according  to  the  calculations  of 
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General  Abbot',  who  has  spent  years  upon  this  study  and  is  one  of  the 
most  competent  men  that  there  is  in  the  United  States  or  in  the  world 
for  the  study  of  engineering  questions  of  that  character.  He  has 
stated  in  published  reports  that  he  has  made  that  the  mean  flow  of 
that  flood  of  1879  at  Gamboa  was  65,250  second-feet  for  forty- 
eight  hours.  We  know  that  it  only  lasted  forty-eight  hours;  that  is 
history.  We  hear  from  this  testimony  of  Mr.  Sosa,  based  upon  what 
natives  had  told  him,  that  it  did  go  up  to  36  feet  of  rise  at  Gamboa. 
Now,  assuming  those  two  thin^  as  facts — and  they  are  certainly 
interpreted  in  favor  of  the  maximum  quantity — that  Chagres  flood 
of  1879  at  Gamboa  would  not  more  than  one-quarter  fill  the  Gamboa 
dam.  The  whole  flood  of  forty-eight  hours  would  only  one-quarter 
fill  it. 

Senator  Morgan.  Then  what  is  the  use  of  having  any  dam  at  Gam- 
boa at  all  ? 

General  Davis.  Because  these  tremendous  floods  will  put  an  end  to 
navigation.  We  can  not  take  65,000  second-feet  into  tne  canal  and 
maintain  navigation.  The  dam  is  necessary  to  keep  out  all  the  silt 
and  all  the  gravel  that  is  rolled  along  the  bottom,  and  all  the  bowl- 
ders and  drift  that  would  come  tearing  down  there. 

Senator  Morgan.  And  also  to  supply  water  in  the  case  of  a  de- 
ficiency in  very  dry  time? 

General  Davis.  We  do  not  care  anything  about  that  for  a  sea-level 
.  canal. 

Senator  Morgan.  Oh,  no;  not  for  a  sea-level  canal.  Then  it  is 
exclusively  a  protection  against  floods? 

General  DA\as.  It  is  purely  regulating  works.  Incidentally,  it 
would  be  used  to  develop  power  for  electric  lighting  and  to  run  a 
trolley  railroad,  etc. 

Senator  Morgan.  Of  course  it  would  develop  a  very  great  power 
for  such  purposes? 

General  Davis.  Oh,  yes;  it  would  develop  many,  many  thousand 
horsepower.  I  have  forgotten  how  many ;  but  it  is  very  easy  to  com- 
pute it. 

Senator  Kittredge.  I  have  forgotten  for  the  moment  the  height  of 
that  dam  above  the  surface. 

General  Davis.  Above  the  surface  ? 

Senator  Kittredge.  Yes. 

General  Davis.  It  is  130  feet  above  the  surface  of  the  ground. 

Senator  Kittredge.  And,  as  I  recall  it,  it  is  about  55  reet  from  the 
surface  to  the  bed  rock  ? 

General  Davis.  Yes,  sir. 

Senator  Morgan.  General,  in  diffffing  a  ^sea-level  canal  from  the 
Bay  of  Limon  to  Gamboa,  vou  would,  I  suppose,  get  as  close  as  you 
conveniently  could  to  the  Kills  that  are  on  the  right  bank  of  the 
Chagres  River? 

General  Davis.  Yes,  sir. 

Senator  Morgan.  You  would  have  to  trim  off  certain  points  in 
order  to  get  your  lines  straightened  out  ? 

General  Davis.  The  hills  on  the  right  bank,  you  say? 

Senator  Morgan.  On  the  riffht  bank. 

General  Davis.  I  should  take  the  most  favorable  location  for  the 
canal,  wherever  it  was,  without  regard  to  any  particular  bank. 
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Senator  Morgan.  Yes;  you  would  take  the  favorable  location,  and 
cut  the  bank  away  ? 

General  Davis.  Yes;  I  would  straighten  the  bends  and  get  the 
necessary  width  and  curvature,  etc. 

Senator  Morgan.  Is  it  not  practicable,  in  dealing  with  the  sea- 
level  canal  on  that  plan,  to  utilize  the  spoil  out  of  the  canal,  and  par- 
ticularlv  between  Bohio  and  Gamboa,  so  as  to  make  a  formidable 
protection  or  wall  against  any  other  water  that  comes  down  from  the 
Obispo  or  the  Chagres  or  anywhere  else?  You  would  get  it  across 
your  canal. 

General  Davis.  To  utilize  the  spoil  for  building  an  embankment 
between  Bohio  and  Gamboa  ? 

Senator  Morgan.  Yes;  utilize  the  spoil  so  as  to  build  the  em- 
bankment next  to  the  river  as  you  come  on  up,  or  next  to  the  low 
ground ;  throw  thespoil  on  one  side.    The  hills  are  on  one  side. 

General  Davis,  miere  do  the  tributary  streams  come  in  ?  Some  of 
them  are  mere  rivulets,  the  size  of  your  wrist  or  arm,  and  others  are 
of  considerable  volume  in  times  of  flood.  Those  littie  brooks  would 
be  interrupted  by  such  an  embankment  as  you  speak  of. 

Senator  Morgan.  No,  no. 

General  Davis.  Then  I  do  not  understand  your  question. 

Senator  Morgan.  They  would  be  let  into  the  canal  freely.  Tliey 
come  out  of  the  hills! 

General  Davis.  Yes ;  they  come  out  of  the  hills. 

Senator  Morgan.  We  would  throw  all  the  spoil  in  the  embankment 
on  the  other  side,  toward  the  river.  I  am  coming  up  the  right  bank 
of  the  ChaCTes  River,  and  throwing  all  the  spoil  out  of  the  cut. 

General  Davis.  These  tributary  streams  would  sweep  it  all  back 
into  the  canal  unless  they  were  controlled  by  systematic  means  and 
weirs  provided. 

Senator  Morgan.  But  you  have  the  tributary  streams  on  the  wrong 
side,  I  think. 

General  Davis.  There  are  tributary  streams  on  both  sides,  you 
know. 

Senator  Morgan.  I  understand  that;  and  I  understand  that  they 
have  to  be  dammed  off.  Those  that  come  in  on  the  left  bank  of  the 
Chagres  River  have  to  be  controlled  by  dams? 

General  Davis.  Yes. 

Senator  Morgan.  Each  dam  being  applicable  to  each  stream? 

General  Davis.  Yes. 

Senator  Morgan.  Very  good.  On  the  other  side,  on  the  ri^ht  bank 
of  the  river,  the  streams  are  smaller,  not  so  numerous,  and,  if  I  have 
understood  you  correctly,  there  is  not  much  of  a  channel  to  be  dug  to 
divert  them  ? 

General  Davis.  The  depth  of  excavation  for  a  sea-level  canal  from 
Bohio  to  Gamboa  ranges  all  the  way  from  a  mean  of,  I  will  say, 
45  feet  at  Bohio  up  to  the  mouth  of  the  Obispo,  or  from  the  bottom 
of  the  canal — whicn,  you  will  remember,  is  40  feet  below  the  sea— of 
75,  80,  or  85  feet. 

Senator  Morgan.  Let  us  put  it  at  85  feet,  so  as  to  get  it  clearly. 

General  Davis.  Yes;  something  like  that 

Senator  Morgan.  All  right;  85  feet.  In  digging  that  canal  you 
would  have  to  take  out  a  good  deal  of  earth  l)etween  Bohio  and 
Gamboa? 
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General  Davis.  Oh,  a  great  deal. 

Senator  Morgan.  Very  good. 

General  Davis.  By  the  way,  I  happen  to  remember  now  that  the 
sea-level  canal  from  the  mouth  of  the  Mindi  to  Gamboa  involves  the 
excavation  of  95,000.000  yards  of  material. 

Senator  Morgan.  Very  good.  Now,  take  those  95,000,000  yards, 
if  you  please,  and  throw  them  away  from  the  bordering  hills  on  the 
riffht  bank  of  the  Chagres  River  and  run  your  canal  as  dose  to  the 
hills  as  you  can  conveniently  and  economically  get  it. 

General  Davis.  Yes. 

Senator  Morgan.  And  throw  all  of  the  spoil  out  of  this  canal — 
there  is  a  great  deal  of  earth  there — in  the  direction  of  the  Chagres 
River,  so  as  to  make  an  embankment  to  fence  it  off. 

General  Davis.  Yes. 

Senator  Morgan.  Would  not  that  be  a  great  protectipn  to  it,  if  you 
got  the  Chagres  River  across  your  canal  at  some  place  ? 

General  Davis.  I  can  not  see.  Senator,  how  you  could  arrive  at  any 
condition  of  affairs  that  would  be  as  favorable  as  it  would  to  follow 
the  idea  that  the  majority  recommends.  It  seems  to  me  that  that  is 
reducing  the  thing  to  its  simplest  terms. 

Senator  Morgan.  Your  idea  of  building  the  canal  is  that  the 
simplest  way  to  build  it  and  the  cheapest  way  and  the  most  econom- 
ical way  is  to  follow  practically,  in  a  general  sense,  the  flow  of  the 
Chagres  River? 

General  Davis.  Yes,  sir;  I  think  so. 

Senator  Morgan.  And  take  that  river  in  as  you  go  along? 

General  Davis.  Yes ;  take  that  river  in  as  you  eo  along,  after  you 
have  your  canal  finished.  After  the  canal  is  made,  then  take  in  the 
regulated  flow  of  that  river. 

Senator  Morgan.  I  have  never  seen  why  it  is  necessary  to  take  it 
out  while  you  are  digging  the  canal,  if  you  dredge  it. 

General  Davis.  Wnen  you  set  up.  Senator,  to  a  place  where,  we 
will  say,  the  present  floor  of  the  river  is  at  40  feet  aoove  the  sea  and 
your  canal  is  40  feet  below  the  sea,  therefore  in  working  there  with 
your  dredges  you  have  a  breast  80  feet  high,  40  feet  of  which  is  out  of 
water.     Is  that  thinkable? 

Senator  Morgan.  I  can  see  that  that  40  feet  out  of  water  would 
have  to  be  dug  away. 

General  Davis.  And  40  feet  below. 

Senator  Morgan.  That  would  have  to  be  dredged. 

General  Davis.  And  the  dredges  are  floating  in  this  channel 
already  made  up  to  this  point  40  feet  deep. 

Senator  Morgan.  Yes. 

General  Davis.  Now,  there  is  a  breast  ahead  of  you  that  is  40  feet 
high,  and  over  the  head  of  which  is  coming  the  flow  of  the  Chagres 
River.    Is  that  clear  ? 

Senator  Morgan.  Yes;  so  that  you  have  to  fence  it  out  in  order  to 
digit? 

General  Davis.  Yes ;  that  is  it. 

Senator  Morgan.  That  is  one  of  the  very  great  expenses,  in  my  con- 
ception, that  you  will  have  all  the  time  you  are  digging  that  canal. 
You  will  have  to  fence  out  the  Chagres  River  and  make  a  dry  digging 
of  it  all  the  way  through. 
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Greneral  Davis.  This  will  hai)pen  in  the  construction  of  that  canal 
(it  will  not  be  any  great  calamity,  but  this  will  happen) :  The  engi- 
neers will  try  to  carry  the  flood  flow  of  this  river  in  these  diversion 
channels,  but  until  the  time  the  Gamboa  dam  is  made  these  diversion 
channels  will  be  inadequate  to  carry  the  Ghagres  flood  at  times.  It 
is  perfectlv  well  understood  that  that  will  be  so.  What  will  happen! 
That  flooa  will  come  along,  bearing  down  there  while  these  dredges 
are  at  work,  and  it  will  interrupt  things.  It  will  fill  up  some  of  the 
workings;  it  will  flood  the  whole  thing  for  the  time  being. 

Senator  Morgan.  And  wash  everything  out  to  sea? 

General  Davis.  Not  evervthms;  no.  The  dredges  will  be  moored; 
they  will  be  kept  there.  The  floods  will  sweep  out  the  false  work; 
they  will  do  ten  or  fifteen  or  twenty  or  fifty  thousand  dollars'  damage, 
pernaps,  and  in  a  week's  time  they  will  be  going  ahead  again. 

Those  things  happen  in  all  these  great  big  works  everywhere.  Such 
a  thing  happened  in  the  Sweetwater  dam  yesterday,  where  the  false 
works  were  swept  out.  But  that  is  not  going  to  discourage  them  from 
going  right  ahead  again  and  building  a  dam  there. 

So  in  the  building  of  the  Susauehanna  dam  that  Mr.  Parsons  is  at 
work  at  now;  he  is  going  to  nave  trouble.  He  is  going  to  have 
floods  of  600,000  second-feet  in  the  Susquehanna  River  to  contend 
with,  and  he  is  going  to  lose  a  lot  of  money  for  his  employers  at  times 
by  the  accidents  of  these  sudden  rises.  But  that  is  not  ^oing  to  stop 
the  work. 

Those  accidents  are  going  to  occur  at  Panama  in  just  that  way,  with 
any  kind  of  a  canal  that  is  built.  They  are  ^oing  to  have  accidents, 
and  they  are  going  to  cost  some  money ;  but  they  will  be  overcome  in 
the  end. 

Senator  Morgan.  Your  apprehensions  about  the  effect  of  the 
Chaigres  River  pouring  over  tnis  embankment  and  interrupting  the 
work  indicate  that  no  part,  or  a  verv  small  part,  of  the  work  between 
the  Bay  of  Limon  and  Gamboa  can  be  done  by  dredges? 

General  Davis.  A  very  small  part  of  the  rockwork  can  be  done  by 
dredges,  Senator.    I  think  there  is  a  verv  small  part  of  that. 

Senator  Morgan.  Or  any  other  work? 

General  Davis.  If  we  had  unlimited  space  to  work  dredges  against, 
what  we  call  a  "  breast,"  if  we  had  a  mile  stretch  to  put  them  ana  work 
in,  we  could  think  out  plans  for  doing  it.  But  where  you  have  only 
150  or  200  feet  of  width,  with  a  breast  200  feet  wide  and  60  or  70  or  80 
feet  high,  and  you  are  working  always  against  that  breast,  your  rate 
of  progress  would  be  so  slow  that  you  would  not  get  the  canal  made  in 
a  hundred  years. 

Senator  Morgan.  Then,  in  any  calculations  or  judgment  we  may 
arrive  at  about  this  matter  we  must  eliminate  the  dredge? 

General  Davis.  You  will  have  to  eliminate  the  dredge  in  all  that 
rockwork  as  cutting  any  considerable  figure. 

Senator  Morgan.  You  say  "  rockwork ;  "  but  it  seems  to  me  it  ap- 
plies as  well  to  the  earthwork  as  it  does  to  the  rockwork. 

General  Davis.  I  say  "  rockwork  "  because  the  rock  happens  to  be 
found  where  the  cutting  is  deepest.    That  happens  to  be  the  case. 

You  know  what  Mr.  Bunau-Varilla's  ingenious  idea  is — to  do  all 
of  this  work  under  water.  He  says  that  vou  can  take  rock  out  under 
water  so  much  cheaper  than  you  can  take  it  out  dry.  That  is  the 
basis  of  his  argument.    And  yet  the  SfacArthur  Brothers,  who  are 
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improving  the  Hay  Lake  channel  up  there  near  the  Soo,  and  who 
had  a  contract  based  on  about  $2.80  for  the  excavation  of  rock  under 
water,  instead  of  doing  it  under  water  have  gone  to  work  and  built  a 
bulkhead  at  each  end  of  a  3-mile  stretch  and  pumped  it  all  out,  so 
that  they  can  do  it  in  the  dry. 

Senator  Morgan.  It  results  from  the  little  discussion  we  have  just 
been  having,  it  seems  to  me,  that  all  the  hauling  down  there  will 
have  to  be  done  by  railroad. 

General  Davis.  I  think  that  all  of  the  Culebra  hauling  will  have  to 
be  done  by  rail,  Senator. 

Senator  Morgan.  Not  the  Culebra,  merely  ? 

General  Davis.  All  of  the  deep  cutting  will  have  to  be  done  by  rail. 
Where  it  is  a  dredging  proposition  and  the  earth  and  the  rock  are  at 
no  very  great  depth,  the  dredges  will  do  the  work.  You  can  start 
them  in  at  more  tnan  one  place. 

Senator  Morgan.  That  applies  to  both  types  of  canal  ? 

General  Davis.  Yes,  sir. 

Senator  Morgan.  Equally  ? 

General  Davis.  Not  equally,  no ;  because  the  amount  of  excavation 
is  different  in  the  two  types  of  canal. 

Senator  Morgan.  I  mean  in  an  equal  degree? 

General  Davis.  Yes,  in  an  equal  degree;  to  the  extent  to  which 
their  excavations  apply ;  certainly. 

Senator  Morgan.  Yes.  That  means  that  the  steam  shovel  and  the 
railroad  are  the  great  implements  with  which  this  canal  is  to  be  dug, 
whether  it  is  a  sea-level  or  a  lock  canal  ? 

General  Davis.  Yes,  sir ;  all  the  upper  part  of  it,  all  the  deep  part 
of  it;  but  the  low,  level  parts  will  be  done  by  the  dredge. 

Senator  Morgan.  From  Bohio  to  Port  Limon? 

General  Davis.  From  the  sea  up  to  Bohio  and  up  to  Miraflores. 

Senator  Morgan.  That  would  be  done  by  dredeinff  ? 

General  Davis.  Oh,  yes;  that  will  be  done  by  dredging. 

Senator  Morgan.  That  is  20  miles  including  those  dredging  lines? 

General  Davis.  It  is  17  miles  from  Limon  Bay  to  Bohio ;  it  is  about 
7  miles  from  the  Pacific  end  up  to  Miraflores.    That  is  about  24. 

Senator  Morgan.  Twenty-four  miles? 

General  Davis.  Just  about  half  of  the  line  is  a  dredging  proposi- 
tion. 

Senator  Morgan.  The  dredging  proposition,  then,  would  cover  just 
about  half  of  the  entire  length  of  the  canal? 

General  Davis.  Yes;  and  a  little  of  the  work  above  Bohio  is  a 
dredging  proposition,  too — a  couple  of  miles  or  so  above  Bohio.  At 
Bohio,  you  know,  we  cut  through  a  spur. 

Senator  Morgan.  Yes;  from  Miraflores  into  the  Pacific  Ocean,  as 
deep  as  you  would  want  to  go  down  to  the  40-foot  contour,  you  can  go 
with  dredges? 

General  Davis.  Yes,  sir;  you  can  do  all  of  that  work  by  dredges. 
Some  of  it  is  rock,  but  you  could  blast  the  rock  and  take  it  out  with 
dredges. 

Senator  Morgan.  And  from  Bohio  to  the  Bay  of  Limon  you  can 
do  it  with  dredges? 

General  Davis.  Yes,  sir. 

Senator  Morgan.  You  can  do  the  work  with  dredges  ? 

General  Davis.  Yes,  sir. 
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Senator  Morgan.  And  in  the  interval  between  Bohio  and  Gamboa 
you  would  have  to  work  in  the  dry  ? 

General  Davis.  A  good  deal  oi  the  way ;  but  there  is  some  part  of 
that  distance  that  can  be  dredged. 

Senator  Mobgan.  There  are  probably  a  couple  of  miles  that  you 
could  dredge  above  Bohio? 

General  Davis.  There  are  two  or  three  miles,  maybe,  of  dredging 
proposition  in  there. 

Senator  Mobgan.  Then  that  would  leave  about  15  miles? 

General  Davis.  Something  like  that. 

Senator  Mobgan.  Of  dry  work  ? 

Greneral  Davis.  Of  dry  work ;  yes,  sir. 

Senator  Mobgan.  Over  the  whole  of  it? 

General  Davis.  Yes. 

Senator  Mobgan.  All  but  15  miles  of  it  could  be  done  with  dredges? 

General  Davis.  I  do  not  mean  to  say  that  dredges  would  not  be  used 
to  some  extent  all  the  way  to  Gamboa.  I  think  they  would  be  to 
some  extent ;  but  all  of  the  great  mass  of  the  top  work  down  to  the 
sea  level  will  have  to  be  taken  off  in  the  dry. 

Senator  Morgan.  Then  after  you  got  your  canal  all  dug,  equipped, 
and  everything  of  the  sort,  you  would  not  have  any  use  for  the  tjam- 
boa  dam? 

General  Davis.  After  we  have  the  canal  made? 

Senator  Mobgan.  Yes. 

General  Davis.  Oh,  my  dear  sir,  yes.  That  is  the  time  that  its  use 
becomes  most  important— that  is,  to  regulate  and  control  these  floods. 

Senator  Morgan.  Then  I  am  mistaken  in  my  understanding  of 
your  testimonv  that  after  the  canal  is  completed  at  sea  level  it  will 
take  care  of  all  of  the  waters  of  the  Chagres  River? 

General  Davis.  It  will  take  care  of  all  the  water  in  a  regulated 
flow. 

Senator  Morgan.  Oh,  you  mean  that? 

General  Davis.  Oh,  yes ;  I  mean  that,  of  course. 

Senator  Mobgan.  You  do  not  propose  to  dispense  with  that  dam? 

General  Davis.  Oh,  by  no  means ;  no,  sir. 

Senator  Mobgan.  So  that  dam  is  put  there  for  good  and  all? 

General  Davis.  For  good  and  all,  to  remain  there  forever,  and  to 
regulate  the  flow  of  the  Chagres  River  for  all  time,  and  to  spill  the 
water  of  that  river  out  just  as  slowly  as  we  wish  to  and  as  fast  as  we 
wish  to. 

Senator  Mobgan.  Yes.  Now,  suppose,  General,  that  Congress 
should  come  to  the  conclusion  that  the  most  oconomical  and  the 
quickest  and  the  best  way  at  present  to  build  that  canal  would  be  to 
build  a  lock  canal,  with  locks  in  the  vicinity  of  Gamboa,  say,  a  mile 
apart,  of  30  feet  elevation,  and  locks  in  the  vicinity  of  Miraflores,  at  a 
proper  distance,  about  30  feet  elevation,  and  with  two  locks  on  each 
side;  that  would  leave  a  60- foot  elevation  above  the  level  of  the  sea, 
cutting  down  the  Culebra  and  Emperador  heights  until  you  got 
down  to  the  60- foot  level  ? 

General  Davis.  Yes,  sir. 

Senator  Mobgan.  Suppose  that  the  two  Houses  of  Congress  and  the 
President  should  come  to  the  conclusion  that,  after  all,  a  sea-level 
canal,  reaching  to  Gamboa,  or  in  that  vicinity,  and  from  Miraflores 
out  to  the  40-root  contour  in  the  Bay  of  Panama,  would  be  the  best 
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and  the  cheapest,  and  that  it  would  at  the  same  time  enable  the  engi- 
neers, in  the  construction  of  this  work,  to  determine,  before  these  sea- 
level  reaches  could  be  dredged  and  completed,  whether  it  was  better 
or  not  better  to  take  out  that  cube  of  earth  and  rock  (most  of  it  rock) 
between  Gamboa  and  Miraflores.  The  point  I  want  to  get  at  is  this : 
If  you  dredged  your  canal  up  to  Gamboa,  in  pursuance  of  such  a 
suggestion  as  I  have  made,  is  there  any  dimcultjr  in  that  soil  and  at 
that  place  in  putting  in  two  locks,  say,  half  a  mile  apart,  but  not  in 
flights,  or  a  mile  apart?  Is  the  soil  adapted  to  putting  locks  into 
that  canal  ? 

General  Davis.  The  answer  is  very  easy.  The  situation  at  Obispo 
is  not  difficult  to  see  from  this  map.  The  point  to  which  Senator 
Morgan's  question  relates  is  here  [indicating].  You  see  the  fi^re 
"  31 "'  there;  that  means  31  miles  from  Colon.  The  village  of  Obispo 
stands  right  here.  Here  we  come  into  a  straight  tangent,  or  nearly 
so,  approaching  the  Culebra.  These  locks,  if  located,  must  not  oe 
farther  to  the  eastward  than  31.  They  must  come  in  this  space. 
The  locks  on  the  other  side  would  be,  one  at  Miraflores  and  one  at 
Pedro  Miguel,  here  [indicating]. 

The  situation  which  is  described  in  the  question  will,  I  think,  leave 
a  lock  canal  infinitely  to  be  preferred  to  the  lock  canal  which  the 
minority  recommends.  I  think  this  is  a  situation  in  which  two  locks 
can  be  placed,  one  circumstance  only  opposing  it,  and  that  is  that 
this  approach  to  the  lock  is  a  curve — a  curve  that  can  not  be  dis- 
pensed with.  It  is  inevitable.  It  happens  to  be  one  of  the  four 
sharpest  curves  in  the  whole  canal  line,  the  radius  from  this  center 
point  being  8,200  feet. 

That  is  the  only  unfavorable  feature.  But  two  locks  can  be  placed 
here,  and  two  can  be  placed  on  the  west  side  or  the  southwest  side; 
and  that  will  leave  a  sea-level  canal  to  Gamboa  and  a  sea-level  canal 
to  Miraflores,  with  an  elevation  60  feet  high  interposed — ^that  is,  with 
an  elevation  60  feet  high  minus  the  depth  of  the  canal  itself,  which 
is  40  feet.  Therefore  the  floor  of  the  canal  will  be  20  feet  above 
the  level  of  the  ^a;  and  40  feet  to  its  own  bottom  will  leave  a  height 
of  land  interposed  of  60  feet. 

I  think  that  before  the  engineers  get  through  with  the  making  of 
that  canal  they  will  be  very  impatient  to  get  authority  from  the 
Commission  or  the  Government  or  somebody  to  take  out  those  other 
thirty,  forty,  or  fifty  million  yards. 

Senator  Morgan.  The  great  proposition  involved  in  the  question 
I  put  is  just  this:  That  in  constructing  a  canal  on  the  plan  I  have 
mentioned,  starting  the  construction  and  carrving  it  on  the  plan  I 
have  mentioned,  it  is  practicable  to  ascertain  by  the  cost,  of  various 
kinds  of  work  and  cost  of  transportation  and  all  other  costs  con- 
nected with  it  almost  the  exact  value  of  taking  out  this  cube  between 
Gamboa  and  Miraflores. 

General  Davis.  Yes,  sir. 

Senator  Morgan.  And  when  you  have  dug  down  to  60  feet,  proba- 
bly you  will  have  dredged  in  as  far  as  Bonio,  at  least,  or  you  may 
possibly  have  dredged  m  as  far  as  Gamboa,  and  on  the  other  side 
you  will  have  dredged  in  to  Miraflores. 

General  Davis.  Yes,  sir. 

Senator  Morgan.  And  then,  aided  by  the  lessons  of  experience 
and  observation,  and  also  assisted  in  coming  to  our  conclusions  by 
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the  financial  condition  of  the  country,  it  could  be  ascertained  with 
more  satisfaction  than  it  is  possible  to  ascertain  by  a  present  con- 
iecture  or  present  calculation  as  to  whether  that  great  cube  of  stone 
between  Gamboa  and  Miraflores  could  be  economically  removed,  and 
bring  the  whole  canal  to  sea-level.  That  strikes  me  as  being  one  of 
the  elements  in  a  recommendation  on  this  proposition  which  is  a 
very  important  one,  considering  all  the  situation,  and  particularly 
the  state  of  public  opinion,  wnich,  before  this  canal  is  ever  built 
down  to  a  sea-level,  will  have  to  crystallize  and  ripen  in  favor  of  it 
through  observation  and  experience. 

General  Davis.  Yes,  sir. 

Senator  Morgan.  Now,  I  have  seen  a  plan  which  occurs  to  me  as 
being  a  very  imi)ortant  one  and,  I  believe,  a  practical  solution  of  the 
difficulty  of  getting  rid  of  any  possible  interruption  or  interference 
by  the  Chaffres  River  after  the  Gamboa  dam  is  completed.  That  is 
to  unite  with  the  Gamboa  dam  a  viaduct  crossing  the  Chagres  River 
at  the  elevation  of  60  feet  above  the  sea  level,  that  viaduct  to  be  ap- 
proached from  the  northward  or  eastward,  the  eastern  end  to  be  con- 
nected by  a  lock  of  30  feet  elevation,  with  another  lock  a  half  a  mile 
or  a  mile  distant,  that  having  another  30  feet  of  elevation,  where  it 
would  connect  with  the  sea-level  cutting;  and,  on  the  other  hand,  hav- 
ing at  Miraflores  and  Pedro  Mijguel  locks  of  the  same  elevation  that 
would  let  the  water  down  or  let  it  up,  as  the  case  might  be,  into  a  lock 
canal ;  the  lock  canal  to  be  supplied  and  regulated  through  this  via- 
duct or  into  this  viaduct  from  the  Gamboa  dam. 

General  Davis.  I  think  I  have  seen  some  plan  that  answers  the 
description  you  give. 

Senator  Morgan.  I  wish,  before  we  close  this  examination,  that  I 
may  have  the  privilege  of  submitting  a  question  to  you  upon  this 
basis,  and  asking  you  for  your  judgment  as  to  its  practicability.  I 
call  attention  to  it  now,  Mr.  Chairman,  because  I  will  hand  General 
Davis  at  a  proper  time  that  question,  and  let  him  give  us  in  writing — 
if  the  committee  is  willing — a.  statement  of  his  opinion  upon  the  prac- 
ticability of  that  plan.  I  will  hand  you  the  question  some  time  dur- 
ing the  day,  General,  if  you  please. 

General  Davis.  Yes,  sir ;  I  will  be  very  glad  to  have  it. 

Senator  Morgan.  And  I  will  ask  permission  that  General  Davis 
may  put  his  reply  to  that  question,  which  I  will  read  to  the  commit- 
tee before  I  hand  it  to  him,  into  his  examination,  as  if  he  was  here 
present  when  the  question  was  asked. 

The  Chairman.  Do  you  wish  to  put  it  in  writing? 

Senator  Morgan.  Yes;  to  put  it  in  writing,  and  to  just  put  the 
question  and  the  answer  to  that  simple  proposition  in  the  record. 

Senator  Ankeny.  Does  that  contemplate  a  division  of  the  Cliagres 
waters  east  and  west? 

Senator  Kittredge.  It  will  explain  itself. 

Senator  Morgan.  Yes.  It  contemplates  the  filling  of  the  prism  of 
the  canal  between  Gamboa  and  Miraflores  with  Chagres  water,  fresh 
water.  The  balance  of  the  canal  on  either  side  would  be  filled,  of 
course,  by  similar  water  coming  from  the  sea  on  either  side. 

Senator  Kittredge.  What  is  the  character  of  the  foundations  at 
that  point? 

General  Davis.  At  Gamboa? 

Senator  Kittredge.  At  Obispo. 
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General  Davis.  Rock — conglomerate,  hard  conglomerate. 

Senator  Kittredoe.  How  near  the  surface? 

General  Davis.  It  crops  out  away  up ;  it  is  all  around  Obispo. 

Senator  Kittredoe.  And  what  is  the  character  of  the  surface,  say, 
lialf  a  mile  or  a  mile  toward  Panama  from  Obispo  ?    . 

General  Daves.  From  Obispo  ? 

Senator  Kittredoe.  Yes. 

General  Davis.  That  would  be  the  station  we  call  Haute  Obispo; 
it  is  similar  to  the  ground  about  Obispo  itself.  The  ground  is  rising ; 
rising,  rising  constantly. 

Senator  Kittredoe.  Is  there  rock  near  the  surface  up  there? 

General  Davis.  Yes;  there  is  rock  near  the  surface  all  along  there. 
There  is  an  abundance  of  rock  all  along  there  for  some  little  dis- 
tance, I  think.  In  fact,  all  the  way  from  Obispo  to  Pedro  Miguel 
you  may  say  it  is  a  rock  proposition,  except  the  covering  of  the  soil 
on  the  surface. 

Senator  Morgan.  Matachin  is  about  5  miles,  is  it,  from  Gamboa? 

General  Davis.  From  Gamboa  ? 

Senator  Morgan.  Yes. 

General  Davis.  Oh,  no.  Matachin,  I  should  say,  was  about  a  mile 
or  a  mile  and  a  quarter  from  Gamboa. 

Senator  Morgan.  Down  the  river? 

General  Davis.  Down  the  river. 

Senator  Morgan.  Yes.  Now,  what  is  the  general  description  of 
the  country  between  Matachin  and  Gamboa,  taking  the  straight  line? 

General  Davis.  Very  much  the  same  as  it  is  below.  It  is  a  rolling 
ground,  and  the  river  is  running  through  a  channel  the  banks  of 
which  are  20  or  25  or  30  feet  hi^ — cultivated  in  bananas  and  com 
and  other  things.     It  is  a  rolling,  broken  surface. 

Senator  Morgan.  If  you  should  bring  your  sea-level  canal  to  Mata- 
chin, or  in  that  vicinity,  and  you  wished  to  put  in  a  lock  there 

General  Davis.  There  is  no  difficulty  in  putting  in  a  lock  on  rock 
foundation  at  Matachin. 

Senator  Morgan.  At  Matachin? 

General  Davis.  No. 

Senator  Morgan.  Or  anywhere  between  thiere  and  Bohio? 

Greneral  Davis.  I  would  not  say  anywhere  between  there  and 
Bohio. 

Senator  Morgan.  There  are  lock  sites,  however? 

General  Davis.  There  are  lock  sites  at  several  places — ^two  or  three 
places — ^between  Gamboa  and  Bohio.  One  is  at  San  Pablo,  a  very 
lavorable  lock  site. 

Senator  Morgan.  Do  you  say  between  Gamboa  and  Bohio? 

General  Davis.  Between  Bohio  and  Gamboa,  at  several  points, 
there  are  sites  where  you  could  build  a  lock  without  any  trouole  on 
a  rock  foundation. 

Senator  Morgan.  That  is  what  I  wanted  to  get  at. 

General  Davis.  Oh,  yes;  you  can  do  it  in  many  places;  and  San 
Pablo  is  a  rather  favorable  place  for  a  lock,  too,  for  the  ground  is 
high  close  by  on  each  side. 

Senator  Morgan.  On  the  plan  I  suggest,  there  is  at  present  no 
probability  that  there  is  any  want  of  proper  lock  sites  to  connect  the 
sea-level  with  the  lock  canal  ? 
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General  Davis.  Oh,  no;  oh,  no.  You  can  connect  it  below.  You 
would  save  money  by  shortening  up  your  sea-level  portion  and  put- 
ting your  locks,  one,  say,  at  Bohio,  and  one  at  San  Pablo,  and  another 
one  at  Obispo.  If  you  had  three  locks,  going  up  to  90  feet,  you 
would  save  more  money  that  way. 

Senator  Morgan.  You  would  not  want  three  locks,  though,  for  60 
feet  of  elevation? 

General  Davis.  Oh,  no;  of  course  not. 

Senator  Morgan.  You  would  want  only  two? 

General  Davis.  Yes;  that  is  all. 

Senator  Morgan.  That  is  all  I  wanted  to  ask. 

Senator  Kittredge.  What  would  be  the  length  of  the  dams  at 
Obispo  and  the  place  just  south  of  there  towara  Panama? 

General  Davis.  The  dams?  There  would  be  no  dams  required  on 
a  60-foot  proposition.  The  surface  of  the  ground  would  be  higher 
than  the  top  of  your  lock. 

Senator  Kittredge.  That  is  the  point  that  I  wished  to  a^  about. 

General  Davis.  Yes ;  the  surface  of  the  ground  would  be  higher. 

Senator  Morgan.  No  ;  there  is  no  dam  on  that  site  at  all. 

Senator  Kittredge.  It  would  be  simplv  the  lock  structure? 

General  Davis.  That  is  all.    Oh,  no;  mere  would  be  no  dam  there. 

Senator  Kittredge.  And  would  the  same  condition  hold  at  Pedro 
Miguel  or  Miraflores,  in  that  vicinity  ? 

General  Davis.  Not  quite,  because  there  is  the  little  river  Rio  Grande 
down  there  to  be  taken  care  of ;  and  just  so  that  would  be  disposed  of, 
which  would  be  a  small  matter,  the  conditions  would  be  similar. 

Senator  Kittredge.  In  that  plan  or  type,  I  assume  that  the  water 
from  Lake  Gajnboa  would  be  introduced  into  the  prism  of  the  candi 
above  the  locks? 

General  Davis.  Exactly. 

Senator  Kittredge.  And  the  water  would  be  used  in  that  event  to 
feed  the  locks  ? 

General  Davis.  Exactly. 

Senator  Kittredge.  Do  you  think. that  water  supply  would  be 
aniple  for  that  purpose? 

General  Davis.  Oh,  abundant.  As  I  showed  you  yesterday,  it  is 
three  and  a  half  times  greater  than  the  minority  proposed  for  their 
own  lock  supply  with  the  Gatun  Lake — ^three  and  a  half  times  more. 
Oh,  it  is  an  abundance.  I  have  made  a  calculation  that  shows  that 
without  any  question. 

Senator  Morgan.  If  you  will  allow  me  to  make  a  suggestion,  the 
plan  that  I  mentioned  provides  for  the  same  lockage  at  iftdro  Miguel 
and  Miraflores  that  is  provided  for  by  the  proposition  of  the  minority 
with  a  dam  at  Gatun,  except  that  there  is  one  lock  less. 

General  Davis.  Yes;  well,  they  have  a  summit  level  of  85  feet,  you 
know. 

Senator  Morgan.  Yes;  with  an  85-foot  level. 

General  Davis.  And  you  propose  60? 

Senator  Morgan.  And  I  propose  60. 

General  Davis.  There  would  oe  that  difference. 

Senator  Morgan.  There  would  be  that  difference? 

General  Davis.  Yes ;  25  feet  taken  off  of  85. 

Senator  Morgan.  It  would  take  out  one  of  the  locks? 
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General  Davis.  Yes. 

Senator  Morgan.  My  proposition  would  require  two  locks  instead 
of  three  at  that  place. 

General  Davis.  Yes;  I  see. 

Senator  Kittredge.  What  would  be  the  expense  of  constructing  the 
locks  at  Obispo  and  the  next  lock  toward  Panama,  at  Pedro  Miguel 
or  Miraflores,  or  in  that  vicinity  ? 

General  Davis.  The  cost  of  them? 

Senator  Kittredge.  On  the  plan  or  type  suggested  by  Senator 
Morgan  in  his  question? 

General  Davis.  That  would  be  a  Question  that  I  could  not  answer 
without  careful  calculation  and  stuay;  but  those  four  locks,  I  sup- 
pose, would  cost  about  in  proportion  as  the  six  were  expected  to 
in  the  85-foot  project — that  is,  they  would  be  as  4  is  to  6 — ^two- 
thirds;  and  that  amount  was  $35,000,000.  I  suppose  it  would  be 
two-thirds  of  the  $36,000,000;  something  like  that.  That  is  as  near 
as  I  could  state  it  oflThand. 

Senator  Kittredge.  You  stated,  in  answer  to  a  question  by  Senator 
Morgan,  that  if  this  is  to  be  a  lock  canal  you  preferred  the  type  of 
lock  canal  suggested  by  him  to  that  proposed  by  the  minority. 

General  Davis.  I  think  in  general  it  would  be  preferable. 

Senator  Kittredge.  I  wish  you  would  give  your  reasons  for  that 
answer. 

General  Davis.  Because  it  is  more  readily  converted  into  a  sea- 
level  canal;  because  I  think  that  is  the  ultimate  we  are  coming  to 
always,  and  it  would  be  more  convertible ;  that  is  the  reason. 

Senator  Kittredge.  What  about  the  safety  of  the  lock  structure 
suggested  by  Senator  Morgan  ? 

General  Davis.  Oh,  it  would  be  safe  enough.  There  would  be  no 
question  of  safety.    AH  of  his  locks  would  be  on  solid  rock. 

Senator  Kitiredge.  Would  every  element  of  doubt  regarding  the 
stability  of  the  lock  structure  be  eliminated? 

General  Davis.  Oh,  I  think  so.  They  would  all  be  on  solid  rock 
foundation.    It  is  the  60- foot  project  the  Senator  is  talking  about? 

Senator  Kittredge.  Yes. 

General  Davis.  Oh,  yes;  they  would  all  be  on  rock  foundation. 

Senator  Kittredge.  How  much  in  excavation  would  be  saved  by 
the  plan  suggested  by  Senator  Morgan  over  the  sea-level  type  pro- 
posed by  the  majority  of  the  Board  of  Consulting  Engineers? 

General  Davis.  THat  is  a  question  no  one  could  answer  specifically 
without  making  some  calculations ;  but  there  are  some  guiding  points 
that  you  can  regard.  In  the  lock  proposition  of  the  minority  they 
propose  to  excavate  from  the  Culebra  some  53,000,000  yards.  For 
the  sea-level  proposition  there  is  contained  in  the  Culebra  from 
Obispo  to  Pedro  Miguel  110,000,000  yards.  So  the  difference  be- 
tween those  figures  represents  the  earth  that  would  remain,  provided 
the  sea-level  j3an  at  85-foot  elevation  was  carried  out. 

Now,  the  Senator's  proposition  is  to  go  down  25  feet  deeper;^  so 
that  if  the  ratio  of  the  material  remaining  in  the  85-foot  project 
compared  to  the  sea  level  should  be  the  same  for  the  60- foot  project, 
then  the  ratio  would  be  ^ixty  eighty-fifths  of  the  57,000,000  cubic 
yards  remaining  that  would  come  out  under  the  sea-level  proposition. 

Senator  Kittredge.  Can  you  give  us  that  figure? 
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General  Davis.  The  stenographer  can  calculate  that  in  a  minute. 
It  is  sixty  eighty-fifths,  twelve-seventeenths.  It  is  an  easy  enouch 
calculation.  [Alter  making  calculation.]  About  40,000,000  woiud 
remain. 

.  Senator  Kittredge.  What  unit  of  cost  would  be  applied  for  the 
excavation  of  that  difference? 

General  Davis.  Eighty  cents  to  about  one-quarter  of  it,  and  $1.25 
to  the  remainder;  80  cents  for  10,000,000  yards  and  about  $1.25  for 
30,000,000  yards. 

Senator  Kitfredoe.  And  that  would  be  about  how  much  in  dollars, 
about  $50,000,000? 

General  Davis.  Fifty-eight  millions — ^that  is,  if  my  figures  are 
correct.    That  is  the  way  it  strikes  me.    No ;  I  am  wrong. 

Senator  Kitfredoe.  It  would  be  forty -ei^ht,  would  it  not? 

General  Davis.  It  would  be  forty-five  millions.  But  you  must  re- 
member that  out  of  that  mass  the  lock  pits  would  have  to  be  exca- 
vated, which  would  reduce  somewhat  that  quantity. 

Senator  Kittredge.  I  think  that  is  all. 

Senator  Morgan.  General,  you  have  had  great  experience  in  the 
government  of  these  people  who  have  been  brought  m  contact  with 
tne  Government  of  the  United  States  at  Porto  Rico,  in  Cuba,  and  in 
the  Philippines.  In  the  Canal  Zone  you  would  have,  added  to  the 
character  of  the  population  that  you  have  heretofore  governed,  a 
large  number  of  laborers — 1  mean  under  the  present  system  of  govern- 
ment? 

General  Davis.  Yes,  sir. 

Senator  Morgan.  Brought  from  anywhere  you  could  get  them? 

General  Davis.  Yes,  sir. 

Senator  Morgan.  Of  different  nationalities  and  different  habits 
and  different  understandings  of  law  and  of  obedience  to  law,  etc.? 

General  Davis.  Yes,  sir. 

Senator  Morgan.  I  suppose  you  will  concur  with  the  balance  of  us 
in  saying  that  that  is  a  very  diflScult  government  to  conduct? 

Greneral  Davis.  It  is  a  complicated  situation;  yes,  sir. 

Senator  Morgan.  You  have  to  have  laws  that  in  their  provisions 
and  in  their  justice  and  in  the  justice  of  their  application  would 
reach  from  the  highest  civilization  down  to  what  we  might  call 
nearly  the  lowest? 

General  Davis.  Of  course,  the  laws  should  be  made  to  fit  all  classes. 

Senator  Morgan.  All  classes.  The  Commission  of  which  you  were 
a  member  have  worked  out  a  system  of  statutes? 

General  Davis.  Yes,  sir. 

Senator  Morgan.  Which  is  displayed  here? 

General  Davis.  Yes,  sir. 

Senator  Morgan.  I  suppose  that  that  work  required  a  great  deal 
of  care  and  a  great  deal  of  reflection  in  order  to  make  the  laws  appli- 
cable to  all  the  different  conditions  that  you  found  in  the  Isthmian 
Zone? 

General  Davis.  Yes,  sir;  it  did. 

Senator  Morgan.  It  was  a  severe  labor? 

General  Davis.  I  do  not  know  that  I  would  say  severe;  but  it  was, 
of  course,  burdensome,  and  there  were  a  good  many  people  nigsi sting 
in  it  in  their  way. 

Senator  Morgan.  Yes. 
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General  Davis.  The  models  which  we  had  to  go  by  were  helpful. 
Americans  had  had  experience  in  the  government  of  tropical  people 
in  the  last  few  years  preceding,  whioi  experience  was  useful,  and 
codes  had  been  written;  and  we  found  these  examples  were  useful. 
Some  thin^  could  be  copied  out  of  them. 

Senator  Morgan.  The  models  you  speak  of  were  such  as  we  had 
created  ourselves  in  Porto  Rico  and  in  Cuba  and  in  the  Philippines? 

General  Davis.  Yes ;  in  the  Philippines  and  Porto  Rico  especially. 
We  did  not  do  much  legislating  in  Cuba. 

Senator  Morgan.  No.  You  found  there  a  body  of  Spanish  laws — 
Colombian  laws. 

General  Davis.  Yes;  of  Spanish  origin. 

Senator  Morgan.  Of  Spanish  origin,  and  modified  by  some  local 
statutes,  I  suppose,  of  Panama  ? 

General  Davis.  Yes,  sir.  Panama,  however,  had  been  in  existence 
so  short  a  while  as  an  independent  nation  that  her  legislation  was 
very  limited  in  scope.  Most  of  the  legislation  that  was  in  existence 
in  Panama  was  of  Colombian  origin — at  least,  of  Colombian  perfec- 
tion ;  of  Spanish  origin. 

Senator  Morgan.  And  under  the  directions  of  the  President,  sup- 
ported by  the  provisions  of  international  law  and  perhaps  by  the 
statutes  to  some  extent,  you  had  to  adopt  as  many  of  the  laws  of  Co- 
lombia as  were  applicable  to  the  situation  and  not  in  conflict  with  the 
laws  of  the  United  States  ? 

General  Davis.  The  Presi4ent's  order,  under  which  he  set  the  gov- 
ernment of  the  Zone  on  its  feet,  specified  that  the  laws  of  the  land 
should  prevail  until  they  were  changed. 

Senator  Morgan.  And  "  the  laws  of  the  land  "  meant  the  laws  of 
Colombia  ? 

General  Davis.  Yes,  sir — until  they  were  changed,  or  unless  they 
were  repugnant  to  the  fundamental  principles  of  our  Government. 

Senator  Morgan.  We  have,  in  the  first  of  our  efforts  at  territorial 
government,  embodiments  and  displays  of  what  we  conceive  to  be 
the  fundamental  principles  of  our  Government  ? 

General  Davis.  Yes,  sir. 

Senator  Morgan.  Involving  sometimes  trial  by  jury,  and  some- 
times not? 

General  Davis.  Yes,  sir. 

Senator  Morgan.  Involving  legislation  that  takes  effect  and  is 
operative  until  it  is  changed  and  repealed  by  Congress,  which  legisla- 
tion is  by  nonelective  bodies,  bodies  appointed  by  the  President  of 
the  United  States,  and  sometimes  two  bodies — one  appointed  and  the 
other  elected? 

General  Davis.  Exactly. 

Senator  Morgan.  And  they  went  on  under  the  provisions  of  the 
general  system  of  government  in  the  United  States  and  of  the  Con- 
stitution of  the  United  States  to  formulate  laws  that  those  people 
were  compelled  to  obey  as  this  territorial  system  sprang  up  ? 

General  Davis.  Yes,  sir. 

Senator  Morgan.   There  seems  to  have  been  no  effort  at  all  made 

at  the  establishment  of  a  territorial  system  of  government  in  the 

Zone  as  far  as  we  have  gone.     It  is  a  system  such  as  was  established 

or  supposed  to  have  been  established  for  the  government  of  the  Ter- 

ENG  I  c — OG 57 


874  INVESTIGATION   OP  PANAMA  CANAL   MATTERS. 

ritorv  of  Louisiana  after  its  acquisition  under  the  treaty  with  France, 
and  before  Congress  took  hold  of  it  to  enact  laws  which  should  op- 
erate directly  through  the  force  of  the  Congressional  action.  Have 
you  attempted  at  all  to  establish  jury  trial  in  the  Zone? 

General  Davis.  No,  sir.  It  was  attempted  in  Porto  Rico;  it  is 
authorized  by  the  statute,  but  the  Porto  Bicans  make  very  little  use 
of  it — very  little  use  of  it. 

Senator  Morgan.  Have  you  attempted  to  establish  there,  prac- 
tically or  otherwise,  by  your  declaration  as  legislators,  the  writ  of 
habeas  corpus  or  anything  corresponding  to  it? 

General  Davis.  The  privileges  of  the  writ  are  provided  for,  I  think, 
in  the  criminal  code  which  was  enacted  by  the  Commission,  and  which 
is  one  of  the  acts  that  has  been  printed  in  the  annual  report  of  the 
Commission.  The  provision  of  law  applying  to  Porto  Rico  was,  I 
have  been  told  by  tne  draftsmen  of  that  law,  taken  principally  as  a 
model.  I  refer  to  Judge  Magoon,  the  present  ^vernor  of  the  Zone, 
who  was  the  draftsman  of  the  present  criminal  code  for  the  Canal 
Zone. 

Senator  Morgan.  He  was  then  general  counsel  for  the  Isthmian 
Canal  Commission? 

General  Davis.  Yes,  sir. 

Senator  Morgan.  Aiid  was  acting  in  that  capacity  in  the  drafting 
of  that  code? 

General  Davis.  Yes,  sir. 

Senator  Morgan.  All  of  which  underwent  the  supervision  and 
examination  of  the  Commission  ? 

General  Davis.  Oh,  yes,  sir;  it  was  all  enacted  by  the  Commission 
afterwards. 

Senator  Morgan.  You  established  courts  in  that  code? 
^  Greneral  Davis.  Yes,  sir;  under  that  code  there  were  courts  estab- 
lished. 

Senator  Morgan.  You  established  an  appellate  court? 

General  Davis.  Yes;  a  court  with  three  judges  was  created,  and 
these  three  judges,  meeting  together,  were  granted  appellate  powers. 

Senator  Morgan.  These  three  judges  were  called  district  judges  or 
circuit  judges? 

General  Davis.  I  have  forgotten  exactly  the  term  used  to  describe 
them,  but  they  were  each  assigned  to  a  special,  separate  district. 

Senator  Morgan.  They  were  courts  of  originfiu  jurisdiction? 

General  Davis.  Yes,  sir. 

Senator  Morgan.  That  tried  cases  and  then  sat  in  banc  and  heard 
the  cases  on  appeal  ? 

General  Davis.  Exactly ;  that  is  right. 

Senator  Morgan.  Was  any  attempt  made,  or  has  any  attempt  been 
made,  either  by  Congress  or  otherwise,  to  give  appellate  jurisdiction 
or  supervision  to  the  Federal  courts  of  the  United  Stat€»  over  that 
isthmian  canal? 

General  Davis.  I  think  attempts  have  been  made,  and  I  am  not 
quite  familiar  with  the  legislative  history  of  those  attempts,  but  I 
have  the  impression  that  a  member  of  this  committee  offered  a  bill  in 
the  Senate  which  was  actually  passed  through  the  Senate  and  came 
into  conference,  but  I  believe  it  was  not  finally  enacted  into  law. 

Senator  Morgan.  I  do  not  remember  that  any  law  was  enacted  on 
that  subject 
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General  Davis.  No;  I  think  there  was  none  enacted,  but  you  asked 
ine  if  attempts  were  made. 
Senator  Morgan.  Yes;  I  know  that. 

(The  committee  thereupon  took  a  recess  until  2  o'clock  p.  m.) 

AFTERNOON  SESSION. 

The  committee  met  at  2  o'clock  p.  m.,  pursuant  to  the  taking  of 
recess. 

STATEMENT  OF  MAJ.  GEN.  GEOEGE  W.  DAVIS,  TJ.  8.  ABJIY 
(KETIKED)— Continued. 

Senator  Morgan  submitted  a  copy  of  a  letter  from  the  President  to 
the  Secretary  of  War.  dated  May  9,  1904,  and  asked  that  it  be  made  a 
part  of  the  record,  wnich  was  ordered. 

The  letter  is  as  follows: 

White  House, 
Washington^  D,  (7.,  May  9^  190k. 

Sir:  By  the  act  of  Congress  approved  June  28, 1902,  the  President 
of  the  United  States  is  authorized  to  acquire  for  and  on  behalf  of  the 
United  States  all  the  rights,  privileges,  franchises,  concessions,  grants 
of  lands,  rights  of  way,  unfinished  work,  plants,  snares  of  the  capital 
stock  of  the  Panama  Railway,  owned  by  or  held  for  the  use  of  the  New 
Panama  Canal  Company,  and  any  other  property,  real,  personal,  and 
mixed,  of  any  name  or  nature,  owned  by  the  said  New  Panama  Canal 
Companj'^,  situated  on  the  Isthmus  of  Panama.  The  President  is  by 
the  same  act  also  authorizedtoacquireforandonbehalf  of  the  United 
States  perpetual  control  of  a  strip  of  land  on  the  Isthmus  of  Panama, 
not  less  than  6  miles  in  width,  extending  from  the  Caribbean  Sea  to 
the  Pacific  Ocean,  and  the  right  to  excavate,  construct,  and  maintain 
perpetually,  operate  and  protect  thereon,  a  ship  canal  of  certain  specified 
capacity,  and  also  the  right  to  perpetually  opei'ate  the  Panama  Rail- 
road. Having  acquired  such  rights,  franchises,  property,  and  control, 
the  President  is  by  the  same  act  required  to  excavate,  construct,  and 
complete  a  ship  canal  from  the  Caribbean  Sea  to  the  Pacific  Ocean,  and 
to  enable  him  to  carry  forward  and  complete  this  work  he  is  author- 
ized to  appoint,  by  and  with  the  consent  of  the  Senate,  an  Isthmian 
Canal  Commission  of  seven  members,  who  are  to  be  in  all  matters 
subject  to  his  direction  and  control. 

By  the  terms  of  the  canal  convention  between  the  United  States  and 
the  Republic  of  Panama,  entered  into  in  pursuance  of  the  said  act  of 
Congress  approved  June  28,  1902,  the  ratifications  of  which  were 
exchanged  on  the  26th  day  of  February,  1904,  the  Republic  of  Panama 
granted  to  the  United  States — 

First,  the  perpetual  use,  occupation,  and  control  of  a  certain  zone  of 
land,  land  under  water,  including  islands  within  said  zone,  at  the  Isth- 
mus of  Panama,  all  to  be  utilized  in  the  construction,  maintenance, 
and  operation,  sanitation  and  protection  of  the  ship  canal,  of  the  width 
of  10  miles,  extending  to  the  distance  of  5  miles  on  each  side  of  the 
central  line  of  the  route  of  the  canal,  and  the  use,  occupation,  and  con- 
trol of  other  lands  and  waters  outside  of  the  zone  aoove  described 
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which  may  be  necessary  and  convenient  for  the  construction,  mainte- 
nance, operation,  sanitation,  and  protection  of  said  canal  or  any  auxil- 
iary canals  or  other  works  necessary  and  convenient  for  the  same  pur- 
pose; also  the  islands  of  Perico,  Naos,  Culebra,  and  Flamenco,  situated 
in  the  Bay  of  Panama;  and, 

Second,  all  the  rights,  powers,  and  authority  within  the  zone,  aux- 
iliary lands  and  lands  under  water,  which  the  United  States  would 
possess  and  exercise  if  it  were  the  sovereign  of  the  territory  granted, 
to  the  entire  exclusion  of  the  exercise  by  the  Republic  of  Panama  of 
any  such  sovereign  rights,  power,  and  authority. 

By  the  act  of  Congress  approved  April  28,  1904,  the  President  is 
authorized,  upon  acquisition  of  the  property  of  the  New  Panama  Canal 
Company,  and  the  payment  to  the  Republic  of  Panama  of  the  price 
for  compensation  agreed  upon  in  the  said  canal  convention,  to  take 

f)ossession  of  and  occupy  on  behalf  of  the  United  States  the  zone  of 
and  and  land  under  water,  including  islands  within  said  zone,  at  the 
Isthmus  of  Panama,  of  the  width  of  10  miles,  extending  to  the  distance 
of  5  miles  on  each  side  of  the  central  line  of  the  route  of  the  canal  to 
be  constructed  thereon,  including  the  islands  of  Perico,  Naos,  Culebra, 
and  Flaraento,  and  from  time  to  time,  as  may  be  necessary  and  con- 
venient, certain  auxiliary  lands  and  waters  outside  the  said  zone  for 
the  purpose  of  constructing,  maintaining,  operating,  sanitating,  and 
protecting  the  ship  canal,  the  use,  occupation,  and  control  whereof 
were  granted  to  the  United  States  b}"  the  Republic  of  Panama  in  the 
said  canal  convention. 

By  the  same  act  the  President  is  authorized,  for  the  purpose  of  pro- 
viding temporarily  for  the  maintenance  of  order  in  the  Canal  Zone  and 
for  maintaining  and  protecting  the  inhabitants  thereof  in  the  free 
enjoyment  of  their  liberty,  property,  and  religion,  to  delegate  to  such 
person  or  persons  as  he  may  designate  and  to  control  the  manner  of 
their  exercise,  all  the  militarv,  civil,  and  judicial  powers  as  well  as  the 
power  to  make  all  needful  rules  and  regulations  for  the  government  of 
the  Canal  Zone  and  all  the  rights,  powers,  and  authority  granted  bv  the 
said  canal  convention  to  the  United  States,  until  the  close  of  the  F'ifty- 
eighth  Congress. 

Payments  of  the  authorized  purchase  price  of  $40,000,000  to  the 
New  Panama  Canal  Companv  for  the  property  of  that  corporation  on 
the  Isthmus,  including  the  share  of  railway  stock,  and  for  the  records 
in  Paris,  and  of  the  sum  of  $10,000,000,  as  stipulated  in  the  canal  con- 
vention, to  the  Republic  of  Panama  for  the  rights,  powers,  and  privi- 
leges granted  to  the  United  States  by  the  terms  of  the  said  convention 
have  been  made  and  proper  instruments  of  titinsf  er  have  been  executed 
by  the  Panama  Canal  Company.  The  members  of  the  Isthmian  Canal 
Cfommission  have  been  appointed.  They  have  organized  the  Commis- 
sion and  entered  upon  their  duties.  I  have  taken  possession  of  and 
now  occupy,  on  behalf  of  the  United  States,  the  Canal  2iOne  and  public 
land  ceded  by  the  Republic  of  Panama. 

It  becomes  my  duty,  under  the  statutes  above  referred  to,  to  secure 
the  active  prosecution  of  the  work  of  construction  of  the  canal  and  its 
auxiliary  works,  through  the  Isthmian  Canal  Commission,  and  in  con- 
nection with  such  work  and  in  aid  thereof  to  organize  and  conduct  a 
temporary  government  of  the  Zone,  so  as  to  maintain  and  protect  the 
inhabitants  thereof  in  the  free  enjoyment  of  their  liberty,  property^ 
and  religion. 


INVESTIGATION    OF   PANAMA   CANAL   MATTEBS.  877 

Inasmuch  as  it  is  impracticable  for  the  President,  with  his  other 
public  duties,  to  give  to  the  work  of  supervising  the  Commission's 
construction  of  the  canal  and  government  of  the  Zone  the  personal 
attention  which  seems  proper  and  necessary,  and  inasmuch  as  the 
War  Department  is  the  Department  which  has  always  supervised  the 
construction  of  the  great  civil  works  for  improving  the  rivers  and 
harbors  of  the  country  and  the  extended  military  works  of  public 
defense,  and  as  the  said  Department  has  from  time  to  time  been 
charged  with  the  supervision  of  the  government  of  all  the  island  pos- 
sessions of  the.  United  States,  and  continues  to  supervise  the  govern- 
ment of  the  Philippine  Islands,  I  direct  that  all  the  work  of  the  Com- 
mission done  by  virtue  of  powers  vested  in  me  by  the  act  of  Congress 
approved  June  28,  1902,  in  the  digging,  construction,  and  completion 
of  the  canal,  and  all  the  governmental  power  in  and  over  said  Canal 
Zone  and  its  appurtenant  territory  which,  by  virtue  of  the  act  of  Con- 
gress approved  April  28,  1904,  and  these  instructions,  shall  be  vested 
m  said  isthmian  Canal  Commission,  shall  be  carried  on  or  exercised 
under  your  supervision  and  direction  as  Secretar}^  of  War. 

Subject  to  the  limitations  of  law  and  the  conditions  herein  contained, 
the  Isthmian  Canal  Commission  are  authorized  and  dii-ected — 

1.  To  make  all  needful  rules  and  regulations  for  the  government  of 
the  Zone  and  for  the  correct  administration  of  the  military,  civil,  and 
judicial  affairs  of  its  possessions  until  the  close  of  the  Fifty-eighth 
Congress. 

2.  To  establish  a  civil  service  for  the  government  of  the  strip  and 
construction  of  the  canal,  appointments  to  which  shall  be  secured  as 
nearly  as  practicable  by  a  merit  sj'stem. 

3.  To  make  or  cause  to  be  made  all  needful  surveys,  borings,  designs, 
plans,  and  specifications  of  the  engineering,  hydraulic,  and  sanitary 
works  required,  and  to  supervise  the  execution  of  the  same. 

4.  To  make  and  cause  to  be  executed,  after  due  advertisement,  all 
necessary  contracts  for  any  and  all  kinds  of  engineering  and  construc- 
tion works. 

6.  To  acquire  by  purchase  or  through  proper  and  uniform  expropri- 
ation proceedings,  to  be  prescribed  by  the  Commission,  any  private 
lands  or  other  real  property  whose  ownership  by  the  United  States  is 
essential  to  the  excavation  and  completion  or  the  canal. 

6.  To  make  all  needful  rules  and  regulations  respecting  an  econom- 
ical and  correct  disbursement  and  an  accounting  for  all  funds  that  may 
be  appropriated  by  Congress  for  the  construction  of  the  canal,  its 
auxiliarv  works,  and  the  government  of  the  Canal  Zone,  and  also  to 
establish  a  proper  and  comprehensive  system  of  bookkeeping,  showing 
the  state  of  the  work,  the  expenditures  by  classes,  and  the  amounte 
still  available. 

7.  To  make  requisition  on  the  Secretary  of  War  for  funds  needed 
from  time  to  time  in  the  proper  prosecution  of  the  work,  and  to  desig- 
nate the  disbursing  ofiicers  authorized  to  receipt  for  the  same. 

The  inhabitants  of  the  Isthmian  Canal  Zone  are  entitled  to  security 
in  their  persons,  property,  and  religion  and  in  all  their  private  rights 
and  relations.  Tney  should  be  so  informed  by  public  announcement. 
The  people  should  be  disturbed  as  little  as  possible  in  their  customs 
and  avocations  that  are  in  harmony  with  principles  of  well-ordered 
.  and  decent  living. 
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The  municipal  laws  of  the  Canal  Zone  are  to  be  administered  by  the 
ordinary  tribunals  substantially  as  the}^  were  before  the  change.  Police 
ma^strates  and  justices  of  the  peace  and  other  officers  discharging 
duties  usually  devolving  upon  these  officers  of  the  law  will  be  contin- 
ued in  office  if  they  are  suitable  persons.  The  governor  of  the  Zone, 
subject  to  approval  of  the  Commission,  is  authorized  to  appoint  tem- 
porarily a  ]udffe  for  the  Canal  Zone,  who  shall  have  the  authority 
equivalent  to  that  usually  exercised  in  Latin  countries  by  a  judge  of  a 
court  of  first  instance;  but  the  Isthmian  Canal  Commission  shall  fix 
his  salary  and  may  legislate  respecting  his  powers  and  authority, 
increasing  or  diminishing  them  in  their  discretion,  and  also  making 
provision  for  additional  or  appellate  judges  should  the  public  interest 
require. 

The  laws  of  the  land,  with  which  the  inhabitants  are  familiar,  and  which 
were  in  force  on  February  26, 1904,  will  continue  in  force  in  the  Canal 
Zone  and  in  other  places  on  the  Isthmus  over  which  the  United  States 
has  jurisdiction  until  altered  or  annulled  by  the  said  Commission,  but 
there  are  certain  great  principles  of  government  which  have  been 
made  the  basis  of  an  existence  as  a  nation  which  we  deem  essential  to 
the  rule  of  law  and  the  maintenance  of  order^  and  which  shall  have 
force  in  said  Zone.  The  principles  referred  to  may  be  genemlly 
stated  as  follows: 

That  no  person  shall  be  deprived  of  life,  liberty,  or  property  with- 
out due  process  of  law;  that  private  propertj^  shall  not  be  taken  for 
public  use  without  just  compensation;  that  in  all  criminal  prosecutions 
the  accused  shall  enjoy  the  right  of  a  speedy  and  public  trial,  to  be 
informed  of  the  nature  and  cause  of  the  accusation,  to  be  confronted 
with  the  witnesses  against  him,  to  have  compulsory  process  for  obtain- 
ing witnesses  in  his  favor,  and  to  have  the  assistance  of  counsel  for  his 
defense;  that  excessive  bail  shall  not  be  required  nor  excessive  tines 
imposed,  nor  cruel  or  unusual  punishment  inflicted;  that  no  person 
shall  be  put  twice  in  jeopardy  for  the  same  offense,  or  be  compelled 
in  any  criminal  case  to  be  a  witness  against  himself;  that  the  right 
to  be  secure  against  unreasonable  searches  and  seizures  shall  not 
be  violated;  that  neither  slavery  nor  involuntarj^  servitude  shall 
exist  except  as  a  punL«ihment  for  crime;  that  no  bill  of  attainder 
or  ex  post  facto  law  shall  be  passed;  that  no  law  shall  be  passed  abridg- 
ing the  freedom  of  speech  or  of  the  press,  or  of  the  rights  of  the  peo- 
ple to  peaceably  assemble  and  petition  the  government  for  a  redress  of 
grievances;  that  no  law  shall  be  made  respecting  the  establishment  of 
religion  or  prohibiting  the  free  exercise  thereof:  Provided^  however^ 
That  the  Commission  shall  have  power  to  exclude  from  time  to  time 
from  the  Canal  Zone  and  other  places  on  the  Isthmus,  over  which  the 
United  States  has  jurisdiction,  persons  of  the  following  classes  who 
were  not  actually  domiciled  within  the  Zone  on  the  26th  day  of  Febru- 
ary, 1904,  viz:  Idiots,  the  insane,  epileptics,  paupers,  criminals,  pro- 
fessional beggars,  persons  afflicted  with  loathsome  or  dangerous  conta- 
gious diseases;  those  who  have  been  convicted  of  felony,  anarchists,  those 
whose  pui-pose  it  is  to  incite  insurrection,  and  others  whose  presence 
it  is  believed  by  the  Commission  would  tend  to  create  public  aisoixier, 
endanger  the  public  health,  or  in  any  manner  impede  the  prosecution 
of  the  work  of  opening  the  canal ;  and  may  cause  any  and  all  such 
newly  arrived  persons  or  those  alien  to  the  Zone  to  l)e  expelled  and 
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deported  from  the  territory  controlled  by  the  United  States,  and  the 
Commission  may  defray  from  the  canal  appropriation  the  cost  of  such 
deportation  as  necessary  expenses  of  the  sanitation,  the  police  protec- 
tion of  the  canal  route,  and  the  preservation  of  good  order  among  the 
inhabitants. 

The  Commission  may  legislate  on  all  rightful  subjects  of  legislation 
not  inconsistent  with  the  laws  and  treaties  of  the  United  States  so  far 
as  they  apply  to  said  Zone  and  other  places,  and  the  said  power  shall 
include  the  enactment  of  the  sanitary  ordinances  of  a  preventive  or 
curative  character  to  be  enforced  in  the  cities  of  Colon  and  Panama, 
and  which  are  contemplated  and  authorized  by  article  7  of  said  canal 
convention.  Such  legislative  power  shall  also  include  the  power  to 
raise  and  appropriate  revenues  in  said  2^ne;  and  all  taxes,  judicial 
fines,  customs  duties,  and  other  revenues  levied  and  collected  in  said 
Zone  by  or  under  the  authority  of  said  Commission  shall  be  retained, 
accounted  for,  and  disbursed  by  said  Commission  for  its  proper 
purposes. 

Tne  members  of  said  Commission  to  the  number  of  four  or  more 
shall  constitute  a  legislative  quorum,  and  all  rules  and  regulations 
passed  and  enacted  by  said  Commission  shall  have  set  forth  as  a  caption 
that  they  are  enacted  by  the  Isthmian  Canal  Commission  ^'By  author- 
ity of  the  President  of  the  United  States." 

The  Commission  shall  hold  its  regular  quarterly  meetings  at  the 
oflSce  of  the  Commission  either  in  Panama  or  at  a  branch  office  in 
Washington,  and  special  meetings  may  be  held  at  the  pleasure  of  the 
Commission. 

All  laws,  rules,  and  regulations  of  a  governmental  character  enacted 
by  the  Commission  hereunder  shall  be  submitted  to  you  for  your 
approval,  and  should  your  approval  be  withheld  from  any  such  law, 
rule,  or  regulation,  then  from  that,  time  the  law,,  rule,  or  regulation 
shall  thereafter  have  no  force  or  effect. 

Maj.  Gen.  George  W.  Davis,  U.  S.  Army  (retired),  a  member  of  the 
Canal  Commission,  is  hereby  appointed  governor  of  the  Isthmian 
Canal  Zone.  He  will  proceed  at  once  to  the  Isthmus  of  Panama.  He 
will  in  my  name,  as  tne  chief  executive  in  the  Canal  Zone,  for  and  on 
behalf  of  the  United  States,  see  that  the  laws  are  faithfully  executed 
and  will  maintain  possession  of  said  territory,  including  the  public 
lands  therein  and  the  property,  real  and  movable,  on  the  Isthmus  of 
Panama,  except  that  of  the  Panama  Railroad,  that  has  recently  been 
acquired  from  the  Republic  of  Panama.  He  is  hereby  vested  with  the 
|>ower  to  grant  reprieves  and  pardons  for  offenses  against  the  rules, 
regulations,  and  laws  in  force  by  virtue  of  action  of  the  Commission 
or  by  virtue  of  the  clause  hereof  continuing  in  force  the  laws  of 
Panama.  In  cane  of  his  disability  or  absence  from  the  Canal  Zone  at 
any  time,  the  Isthmian  Canal  Commission  is  empowered  to  designate 
the  person  or  persons  to  act  as  governor  during  such  absence  or  disa- 
bility. Except  as  herein  prescribed,  the  duties  of  the  governor  shall 
be  fixed  by  legislation  of  tne  Canal  Commission. 

For  the  preservation  of  order  and  protecting  the  property  of  the 
United  States  within  or  without  said  Zone,  as  provided  by  article  7  of 
the  canal  convention,  an  adequate  police  force  shall  be  maintained. 
If  at  any  time  there  shall  arise  necessity  for  military  or  naval  assist- 
ance the  governor  shall,  if  possible,  promptly  notify  you,  and  in  the 
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event  of  a  sudden  exigency  the  cfovernor  may  call  upon  any  available 
military  or  naval  force  of  the  United  States  to  render  assistance,  and 
the  same  shall  be  immediately  furnished. 

It  is  a  matter  of  first  importance  that  the  most  approved  and  effec- 
tive methods  and  measures  known  to  sanitary  science  be  adopted  in 
order  that  the  health  conditions  on  the  Isthmus  may  be  improved.  It 
is  the  belief  of  those  who  have  noted  the  successful  results  secured  by 
our  Army  in  Cuba  in  the  obliteration  of  yellow  fever  in  that  island 
that  it  is  entirely  feasible  to  banish  the  diseases  that  have  heretofore 
caused  most  mortality  on  the  Isthmus,  or  at  least  to  improve  as  greatly 
the  health  conditions  there  as  in  Cuba  and  Porto  Rico.  1  desire  that 
every  possible  effort  be  made  to  protect  our  officers  and  workmen 
from  tne  dangers  of  tropical  and  other  diseases,  whic^h  in  the  past  have 
been  so  prevalent  and  oestructive  in  Panama. 

Rear- Admiral  John  G.  Walker,  U.  S.  Navy  (retired),  and  Col.  Frank 
J.  Hecker,  members  of  the  Isthmian  Canal  Commission,  are  hereby 
designated  as  members  of  the  joint  commission  provided  for  by  articles 
6  and  15  of  the  canal  convention.  The  moiety  of  the  necessary  expen- 
ses of  the  commission  to  be  created  in  pursuance  of  articles  6  and  15 
of  the  above-cited  canal  convention  will  be  defrayed  from  the  appro- 
priation applicable  to  the  ship  canal  to  connect  the  waters  oi  the 
Atlantic  ana  Pacific  oceans. 

The  Isthmian  Canal  Commission  will  prepare  for  Congress  and  place 
in  your  hands  on  or  before  December  1  of  each  year  a  full  and  com- 
plete report  of  all  their  acts  and  of  the  operations  conducted  by  them 
m  respect  to  the  canal  construction  and  tne  government  of  the  Canal 
Zone.  These  reports  will  contain  a  detailed  account  of  all  monevs 
received  and  disbursed  in  the  performance  of  their  duties  and  of  the 
progress  made  in  the  construction  of  the  canal. 

The  necessary  expenses  incurred  bv  the  Commission  in  carrying  on 
the  government  of  the  Canal  Zone  will  be  defrayed  from  the  local  rev- 
enues so  far  as  the  said  revenues  may  be  sufficient,  and  the  renaainder 
will  be  met  from  the  appropriation  made  by  the  fifth  section  of  the 
act  of  Congress,  approved  June  28,  1902.  An  estimate  of  the  pro- 
posed expenditures  and  revenues  for  each  year  in  carrying  on  the  gov- 
ernment of  the  Zone  will  be  submitted  to  Congress  at  the  beginning  of 
each  annual  session. 

By  virtue  of  the  ownership  by  the  United  States  of  about  sixtv- 
nine  seventieths  of  the  shares  of  the  capital  stock  of  the  Panama  Rail- 
road, the  general  policy  of  the  managers  of  said  road  will  be  controlled 
by  the  United  States.  As  soon  as  practicable  1  desire  that  all  the 
members  of  the  Isthmian  Canal  Commission  be  elected  to  the  board  of 
directors  of  the  road,  and  that  the  policy  of  the  road  be  completely 
harmonized  with  the  policy  of  the  Government  of  making  it  an  adjunct 
to  the  construction  oi  the  canal,  at  the  same  time  fulfilling  the  purpose 
for  which  it  was  constructed  as  a  route  of  commercial  movement  across 
the  Isthmus  of  Panama.  If  any  contracts  or  other  obligations  now 
subsist  between  the  railway  company  and  other  ti'ansportation  com- 
panies that  are  not  in  accord  with  sound  public  policy,  then  such  con- 
tracts must  be  terminated  as  soon  as  it  is  possible  to  effect  that  object. 

No  salary  or  per  diem  allowance  of  compensation  in  addition  to  the 
stated  salary  and  per  diem  allowance  of  the  members  of  the  Isthmian 
Canal  Commission  will  be  allowed  to  any  member  of  the  Commission 
by  reason  of  his  services  in  connection  with  the  civil  government  of 
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the  Canal  Zone,  or  his  membership  of  any  board  or  commission  con- 
cerned in  or  connected  with  the  construction  of  the  canal,  or  by  reason 
of  his  services  as  an  officer  or  director  of  the  Panama  Railroad. 

If  there  now  be  in  force  within  the  Canal  Zone  any  franchise  grant- 
ing to  any  person  or  persons  a  privilege  to  maintain  lotteries  or  hold 
lottery  drawings  Or  other  gambling  methods  and  devices  of  a  character 
forbidden  by  the  laws  of  the  United  States,  or  if  the  grantee  of  any 
such  privilege  has  now  the  right  to  sell  lottery  tickets  or  similar 
devices  to  facilitate  the  business  of  the  concessionaire,  the  Commission 
shall  enact  laws  annulling  the  privileges  or  concessions  and  punishing 
future  exercise  of  the  same  by  imprisonment  or  fine  or  both. 

These  instructions  may  be  modified  and  supplemented  as  occasion 
shall  arise. 

Very  respectfully, 

Theodore  Roosevelt. 

Hon.  William  H.  Taft, 

Secretary  of  War» 

Senator  Morgan.  When  this  Commission  took  charge  of  the  work 
there — the  Canal  Zone — and  you  took  charge  as  governor,  there  were 
a  number  of  citizens  of  Panama  or  Colombia — former  citizens  of 
Colombia,  but  then  citizens  of  Panama  —who  resided  within  the  Zone? 

General  Davis.  Yes,  sir. 

Senator  Morgan.  Including  the  inhabitants  both  of  Colon  and 
Panama,  who  were  subject  to  your  powers  as  governor  and  the  powers 
of  the  Commission  in  certain  particulars  that  are  defined  in  the  Hay- 
Varilla  treaty^ 

General  Davis.  Yes. 

Senator  Morgan.  The  citizenship  of  none  of  those  people  has  been 
changed  by  any  law  of  the  United  States  or  act  of  the  Commission? 

General  Davis.  None  that  1  know  of. 

Senator  Morgan.  The  citizens  of  the  United  States  who  have  gone 
there  have  not  forfeited  their  citizenship  here  as  far  as  you  know? 

General  Davis.  No. 

Senator  Morgan.  Retaining  their  citizenship  the\^  have  gone  there 
to  transact  whatever  business  they  chose  to  embark  in  ? 

General  Davis.  Yes. 

Senator  Morgan.  That  number,  besides  the  employees  of  the  Canal 
Commission  and  the  railroad,  I  suppose,  is  very  small? 

General  Davis.  Outside  of  the  Commission  and  the  railroads,  you 
say?. 

Senator  Morgan.  Yes. 

General  Davis.  Those  are  few;  yes,  there  are  a  few  merchants — a 
few  individuals  who  are  engaged  in  business  there. 

Senator  Morgan.  In  Colon  or  Panama  or  in  the  Zone  ? 

General  Davis.  Along  the  Zone  also;  all  three. 

Senator  Morgan.  But  the  relative  rights  and  duties  and  obligations 
of  citizenship  have  not  been  changed  by  any  act  of  which  you  are 
aware? 

General  Davis.  Not  by  any  act  of  which  I  am  aware,  unless  the  act 
of  passing  out  of  the  specific  jurisdiction  of  the  United  States  by  those 
individuals  has  affected  their  status. 

Senator  Morgan.  When  you  call  it  specific  jurisdiction  of  the  United 
States  you  are  going  into  a  classification  of  the  jurisdiction  of  the 
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United  States,  but  the}"  pass  from  one  to  another;  they  are  entirely 
under  the  United  States? 

General  Davis.  Yes,  sir. 

Senator  Morgan.  You  consider  the  flag  of  the  United  States  as 
being  entirely  at  home  in  the  Zone? 

General  Davis.  Yes;  I  consider  it  is  entirely  at  home  there,  but 
whether  or  not  technically  we  have  a  right  to  fly  the  flag  of  the  United 
States  in  the  Zone — 1  say  technically — it  seems  to  me  might  be  ques- 
tionable, possibly. 

Senator  Morgan.  Have  you  ever  raised  one? 

General  Davis.  No;  and  it  never  will  be  raised,  I  think;  but  since 
titular  sovereignty  resides  in  Panama,  I  think  that  proposition  has  been 
stated  many  times 

Senator  Morgan.  Unless  vou  can  define  the  word  ''titular"  I  do 
not  think  1  could  accept  the  fact. 

General  Davis.  Well,  the  Hay- Varilla  treaty  recognizes  some  shadow 
of  what  is  called  sovereignty  as  still  remaining  in  the  Panama  Zone. 

Senator  Morgan.  As  that  is  a  matter  of  some  importance  in  con- 
nection with  the  question  I  desire  to  propound  to  3''ou  I  wish  to  refer 
you  to  that  treaty  for  a  moment. 

General  Davis.  I  am  not  an  international  lawyer  or  a  lawyer  of  any 
kind. 

Senator  Morgan.  No;  but  I  want  to  get  it  in  the  record,  so  that  men 
who  are  lawvers  and  men  wlio  are  laymen — there  are  a  great  many 
laymen  in  Congress,  you  know— can  have  some  understanding  of 
exactly  what  we  are  trying  to  get  at  and  what  the  definitions  are. 

The  Chairman.  General,  I  understand  j'ou  that  the  American  flag 
was  never  floated  on  the  Zone  ? 

General  Davis.  No,  sir;  that  is  a  mistake.  I  raised  it  myself,,  and 
I  would  not  have  tolerated  for  an  instant  the  idea  that  I  could  not 
raise  it. 

The  Chairman.  1  understood  it  the  other  way. 

General  Davis.  But  I  think  technically  a  question  mi^ht  be  raised 
as  to  the  assumption  by  the  United  States  of  every  sovereign  function, 
and  since  the  fla^  seems  to  be  an  emblem  of  sovereignty  I  merely 
suggest  the  question  as  one  that  may  possibly  have  two  answers. 

Senator  Morgan.  The  article  of  the  Hay- Varilla  treaty  of  February 
26,  1904,  which  is  the  date  of  its  ratification,  reads  as  follows: 

^^The  Republic  of  Panama  grants  to  the  United  States  all  the  rights, 
power,  and  authority  within  the  Zone  mentioned  and  describwl  in 
Article  II  of  this  agreement  and  within  the  limits  of  all  auxiliary  lands 
and  waters  mentioned  and  described  in  said  Article  II  which  the  United 
States  would  possess  and  exercise  if  it  were  the  sovereign  of  the  terri- 
tory within  which  such  lands  and  waters  are  located,  to  the  entire 
exclusion  of  the  exercise  b}^  the  Republic  of  Panama  of  any  such  sov- 
ereign rights,  power,  or  authority." 

It  looks  to  me  like  it  is  putting'  it  both  ways;  that  there  is  not  only 
an  aflirmation  of  absolute  sovereignty  over  all  these  things  in  that 
Zone,  but  there  is  an  express  exclusion  of  any  sovereign  rights  of 
Panama,  so  that  the  titular  sovereignty  that  the  General  mentions,  I 
suppose,  refers  to  the  fact  that  Panama  has  lands  lying  above  and 
lanas  lying  below  the  Canal  Zone  and  along  the  borders  of  the  Canal 
Zone,  and  that  she  has  the  right  to  extend  her  authority  from  one 
place  to  another,  notwithstanding  the  interposition  of  the  Qmal  2k>ne. 
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Now,  do  you  understand  that  Panama  has  the  right  to  hold  any  elec- 
tion in  the  Zone? 

Genei-al  Davis.  No;  and  never  attempted  to. 

Senator  Moroan.  And  if  attempted  it  would  be  stopped? 

General  Davis.  It  would  be  stopped,  I  am  quite  sure;  it  would  have 
been  during  my  time  and  I  presume  it  would  be  now. 

Senator  Morgan.  It  is  a  land  of  laws  in  which  the  people  are  sup- 
posed to  be  sovereign;  it  is  a  republic? 

General  Davis.  Yes. 

Senator  Morgan.  And  it  has  citizens  residing  there  within  the 
Zone  who  have  the  right  to  vote  outside  the  Zone,  but  not  within  it? 

General  Davis.  Yes. 

Senator  Morgan.  Now,  1  assume  in  the  questions  I  will  ask  you 
that  that  zone  is  within  the  absolute  sovereign  authority  of  the  United 
States  Government  for  all  purposes  of  government.  If  there  are  any 
trusts  connected  with  it  that  we  are  bound  to  execute,  that  is  a  differ- 
ent Question;  but  the  right  is  within  us.  Now,  in  virtue  of  that  duty, 
whicn  is  recited  in  the  directions  of  the  President  to  Secretary  Taft, 
which  has  been  read  and  inserted  in  the  report,  I  find  certain  provi- 
sions that  I  wish  to  call  attention  to. 

In  the  seventh  section  or  paragraph  of  the  letter  I  find  the  following. 
This  seems  to  be  a  bill  of  rights  or  restrictions  upon  the  power  of  the 
isthmian  canal  government. 

'*  That  no  person  shall  be  deprived  of  life,  liberty,  or  property  with- 
out due  process  of  law;  that  private  property  shall  not  be  taken  for 
public  use  without  just  compensation;  that  in  all  criminal  prosecutions 
the  accused  shall  enjoy  the  right  of  a  speedy  and  public  trial,  to  be 
informed  of  the  nature  and  cause  of  the  accusation,  to  be  confronted 
with  the  witnesses  against  him,  to  have  compulsory  process  for  obtain- 
ing witnesses  in  his  favor,  and  to  have  the  assistance  of  counsel  for  his 
defense;  that  excessive  bail  shall  not  be  re(j[uired  nor  excessive  fines 
imposed,  nor  cruel  or  unusual  punishment  mflicted;  that  no  person 
shall  be  j)ut  twice  in  jeopardy  for  the  same  offense,  or  be  compelled  in 
any  criminal  case  to  be  a  witness  against  himself;  that  the  right  to  be 
secure  against  unreasonable  searches  and  seizures  shall  not  be  violated; 
that  neither  slavery  nor  involuntary  servitude  shall  exist  except  as  a 
punishment  for  crime;  that  no  bill  of  attainder  or  ex  post  facto  law 
shall  be  passed:  that  no  law  shall  be  passed' abridging  tne  freedom  of 
speech  or  of  the  press,  or  of  the  rights  of  the  people  to  peaceably 
assemble  and  petition  the  Government  for  a  redress  of  grievances;  that 
no  law  shall  be  made  respecting  the  establishment  of  religion  or  pro- 
hibiting the  free  exercise  thereof." 

Those  provisions  seem  to  be  restraints  or  prohibitions  or  limitations 
against  tne  exercise  of  power  on  the  part  of  the  Commission,  but  thev 
do  not  in  terms,  and  perhaps  not  in  intention,  confer  upon  individuals 
who  may  be  inhabitants  of  that  zone  the  rights  which  are  said  to  be 
protected  here  against  invasion  by  the  Commission.  The  important 
part  of  this  matter  that  I  would  call  your  special  attention  to  now  is 
contained  in  the  proviso: 

^'^  Pronided^  hcncever^  That  the  Commission  shall  have  power  to 
exclude  from  time  to  time  from  the  Canal  Zone  and  other  places  on 
the  Isthmus,  over  which  the  United  States  has  jurisdiction,  persons  of 
the  following  classes  who  were  not  actually  domiciled  within  the  2k>ne 
on  the  26th  day  of  February,  1904,  viz:  Idiots,  the  insane,  epileptics 
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paupers,  criminals,  professional  beggers,  persons  afflicted  with  loath- 
some or  dangerous  contagious  diseases;  those  who  have  been  convicted 
of  felony,  anarchists,  those  whose  purpose  it  is  to  incite  insurrection, 
and  others  whose  presence  it  is  believed  by  the  Commission  would  tend 
to  create  public  disorder,  endanger  the  punlic  health,  or  in  any  manner 
impede  the  prosecution  of  the  work  of  opening  the  canal,  and  may 
cause  any  and  all  such  newly  arrived  persons  or  those  alien  to  the  Zone 
to  be  expelled  and  deported  from  the  territory  controlled  by  the  United 
States,  and  the  Commission  may  defray  from  the  canal  appropriation 
the  cost  of  such  deportation  as  necessary  expenses  of  the  sanitation, 
the  police  protection  of  the  canal  route,  and  the  preservation  of  good 
order  among  the  inhabitants. '- 

Has  it  ever  occurred  in  your  administration  that  you  have  found  it 
necessary  to  exercise  this  power? 

General  Davis.  Several  times,  sir. 

Senator  Morgan.  It  is  hardly  worth  while  to  give  cases,  but  what 
would  be  the  nature  of  such  a  case? 

General  Davis.  I  could  not  remember  names  and  I  could  scarcely 
remember  dates  with  any  precision;  but  I  think  a  few  individuals  of 
those  classes  which  sometimes  arrive  at  our  immigration  stations  in 
the  United  States  from  foreign  countries  and  in  whose  respect  the 
conditions  were  not  fulfilled — that  is  to  sa3%  ones  such  as  are  described 
in  that  mandate  of  the  President — were  informed  that  they  could  get 
out  of  the  Zone  or  be  deported. 

In  one  case,  I  think  I  can  remember  one  case  where  a  man  was  put 
on  bpard  a  steamer  and  sent  out  of  the  Zone,  and  the  Commission  paid 
the  fare  of  that  man  to  get  rid  of  him.  J  can  not  remember  whether 
he  was  a  gambler  or  whether  he  was  a  crook,  but  he  was  some  sort  of 
an  individual  of  that  kind  as  I  recall  it;  I  can  not  remember  the  exact 
facts  in  connection  with  it.  I  think  Governor  Magoon  has  made  use 
of  that  authority  several  times  since  he  assumed  the  government. 

Senator  Morgan.  In  the  instances  you  refer  to  where  you  exer- 
cise the  authority  was  it  done  by  the  vote  of  the  Commission? 

General  Davis.  No,  sir;  it  was  done  as  an  executive  act,  the  gover- 
nor being  charged  with  the  execution  of  the  laws,  and  this  being  one 
of  the  laws  that  were  to  be  executed.  I  considered  this  order  of  the 
President  as  legislation,  and  acting  within  the  provisions  of  that  law 
and  as  a  representative  of  the  Commission  I  executed  the  law. 

Senator  Morgan.  Now,  we  may  all  assume,  for  there  will  be  no 
disputation  about  the  point  at  all,  that  there  is  no  State  or  Territory 
in  the  Union,  on  the  continent  here  or  under  our  control,  where  the 

fovernor  of  such  State  or  Territory,  or  any  other  power  of  the  United 
tates,  has  the  right  of  banishment. 

General  Davis.  No,  sir. 

Senator  Morgan.  This  is  the  only  case  in  which  it  exists? 

General  Davis.  The  only  one  that  1  know  of. 

Senator  Morgan.  Is  that  an  important  power  to  be  exercised  there? 

General  Davis.  I  think  it  ought  to  be  retained  by  all  means. 

Senator  Morgan.  Now,  Genei-al,  in  time  of  peace  that  power  could 
not  be  exercised  b^  any  judicial  or  executive  tribunal  in  the  United 
States  except  within  a  territory  or  zone  that  was  placed  under  military 
law,  being  made  a  military  reservation;  so  that  if  you  would  under- 
take to  exercise  this  authority  anywhere  in  that  zone  or  anywhere  else 
under  the  laws  of  the  United  States  or  any  other  laws  you  must  apply 


INVESTIGATION   OP   PANAMA  CANAL   MATTEBS.  885 

to  the  situation,  as  I  understand  it,  the  laws  of  military  power  just  as 
they  apply  to  a  military  reservation  in  the  United  States. 

^nator  Hopkins.  Would  not  that  depend  upon  the  question  as  to 
whether  the  Constitution  of  the  United  States  extends  over  that  ter- 
ritor}'^?  If  it  does  not,  then  there  is  no  legal  objection  to  a  civil  officer 
exercising  power  of  that  kind. 

Senator  Morgan.  The  Constitution  of  the  United  States,  in  my  judg- 
ment, is  overwhelming  in  its  application  to  all  situations,  both  of  war 
and  of  peace.  A  state  of  peace  in  a  countrj^  invokes  and  puts  in  opera- 
tion the  laws  of  peace;  a  state  of  war  puts  in  operation  the  laws  of 
war;  but  we  have  a  further  provision  of  the  Constitution  upon  which 
is  predicated  the  right  to  establish  rules  and  regulations  for  the  gov- 
ernment of  the  Army  and  the  militia,  which  has  always  been  applied, 
and  I  think  with  entire  sanction  of  all  authority — the  Supreme  Court 
and  all  other  authorities — to  an}'^  reservation  set  apart  for  military  pur- 
poses, although  the  country  may  be  in  a  state  of  peace. 

We  have  here  now,  as  I  understand  it,  many  military  reservations 
in  the  United  States  where  there  exist  provost  courts  for  the  admin- 
istration of  the  civil  law  within  the  reservation,  at  the  same  time  the 
predominant,  the  paramount  law  is  military;  and  at  military  posts  and 
forts,  or  any  such  place — an  arsenal,  for  instance — the  commandant 
has  the  right  to  exercise  military  power  for  the  purpose  of  maintain- 
ing peace  and  order  and  preventing  any  of  these  things  that  are  sug- 
gested by  this  letter  of  tne  President  to  Secretary  Taft,  and  that  is 
perfectly  constitutional,  as  I  understand  it,  and  legitimate,  and  is 
according  to  the  settled  and  uniform  practice  of  the  Government  of 
the  United  States. 

The  point  1  make  about  it  is  this:  That  this  power  can  not  be  retained 
in  any  place  over  which  the  United  States  has  jurisdiction  except  that 
place  is  under  military  regimen.  If  you  put  it  under  military  regi- 
men the  power  is  perfectly  legitimate;  if  you  take  it  out  of  that 
regimen  it  is  unconstitutional,  and  would  not  be  enforced  by  any  offi- 
cial, executive  or  judicial,  in  any  of  the  States,  or  by  the  Federal 
Government. 

Now,  in  organizing  the  civil  courts  in  the  Zone,  you  have  conferred 
upon  them  the  power  to  issue  all  the  rights  that  belong  to  courts? 

General  Davis.  Yes. 

Senator  Morgan.  Writs  of  habeas  corpus? 

General  Davis.  Yes. 

Senator  Morgan.  And  writs  of  execution,  and  so  forth? 

General  Davis.  Yes,  sir. 

Senator  Morgan.  Even  to  the  extent  of  taking  a  man's  life  by 
hanging? 

General  Davis.  I  can  not  remember  what  the  punishment  is  for  the 
capital  offense,  but  it  is  according  to  the  code,  and  the  code  is  printed 
here  in  one  of  the  books.  I  never  had  occasion  to  carry  out  the  law 
in  a  capital  case. 

Senator  Morgan.  You  have  established  a  penitentiary  there? 

General  Davis.  We  have  established  a  place  called  the  penitentiary; 
it  is  a  lockup. 

Senator  Morgan.  That  is  a  penitentiary  ? 

General  Davis.  Yes. 

Senator  Morgan.  And  there  are  numerous  convicts  there? 

General  Davis.  Yes. 
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Senator  Mobgan.  And  have  been  heretofore?. 

General  Davis.  Yes. 

Senator  Morgan.  Convicted  of  various  offenses  which  are  punish- 
able by  the  statutes  of  the  Zone  i 

General  Davis.  Yes. 

Senator  Morgan.  Punishment  by  confinement  and  hard  labor? 

General  Davis.  Yes,  sir. 

Senator  Morgan.  Now  the  power  to  pardon  has  also  been  exercised 
by  the  governor. 

General  Davis.  And  delegated  to  him  by  the  order  of  the  President. 

Senator  Morgan.  Yes;  delegated  to  him  by  the  order  of  the 
President. 

General  Davis.  Yes,  sir. 

Senator  Morgan.  So  that  there  is  a  certain  delegation  of  civil  power 
there  which  is  exercised  in  harmony  with  this  power  of  punishment? 

General  Davis.  Yes,  sir. 

Senator  Morgan.  Under  the  same  code  and  same  letter? 

General  Davis.  Yes,  sir. 

Senator  Morgan.  Yes.  Inasmuch  as  such  powers  under  the  Con- 
stitution of  the  United  States  and  under  the  form  of  our  government 
can  not  be  exercised  at  least  toward  citizens  of  the  United  States  and 
can. not  be  exercised,  indeed,  toward  any  persons  except  through  the 
military  arm  of  the  government,  is  it  not  logical  and  do  you  not  think 
it  is  our  duty  to  declare  that  the  government  of  that  Zone  shall  be  a 
government  of  a  military  reservation  ? 

General  Davis.  Well,  Senator,  in  your  long  question,  or  the  pre- 
lude to  it,  you  made  a  statement  that  provost  courts  were  invokea  or 
that  they  were  used  to  carry  on  government  within  a  military  reserva- 
tion, and,  as  I  understood  you  to  say,  in  time  of  peace? 

Senator  Morgan.  Yes. 

General  Davis.  That  is  hardly  a  fact.  The  provost  court  is  an 
instrumentality,  the  will  of  the  commanding  general,  exercised  only  in 
time  of  war.  I  have  used  that  in  time  of  war,  but  never  in  time  of 
peace;  nor  have  I  ever  seen  a  case  where  the  provost  couriL  so  called— 
that  is  to  say,  a  military  officer  or  a  group  of  military  officers  sitting 
as  a  tribunal  with  military  bailiffs  and  military  attaches — has  ever  sat 
in  time  of  peace;  I  have  never  seen  it. 

Senator  Morgan.  Your  experience  has  not  been  so  extensive  as 
mine.  After  peace  was  proclaimed  in  the  South,  and  ratified  in  every 
possible  form,  the  provost  courts  down  there  continued  to  perform 
their  functions. 

General  Davis.  That  was  a  military  occupation  that  followed  the 
conflict. 

Senator  Morgan.  Yes;  a  military  occupation  is  the  very  {>oint  I  am 
going  on.  I  insist  that  we  ought  to  characterize  the  occupation  of  the 
Canal  Zone  by  the  United  States  as  a  military  occupation,  not  a  civil 
occupation  merely;  not  for  the  purposes  of  orainary  civil  government, 
but  a  military  occupation,  so  that  tnis  order  of  the  President  can  be 
justified — which  is  exactly  right;  and  all  of  these  other  laws  should  be 
justified  where  the  writ  of  habeas  corpus  is  within  reach  of  the  gov- 
erning power,  the  judicial  power,  or  the  governing  power,  and  its  sus- 
pension may  be  lawfully  made  without  the  order  of  the  President  of 
the  United  States  or  by  any  act  of  Congress. 

What  1  am  trying  to  do  is  to  get  this  judicial  system  in  the  Zone  in 
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something  like  a  logical  arrangement,  comporting  with  the  principles 
of  the  United  States  which  are  declared  here  in  the  bill  of  rights,  and 
I  understand  you  to  say  that  you  do  not  think  it  would  be  safe  to  dis- 
pense with  this  right  of  banisnment? 

General  Davis.  No;  but  I  call  it  eviction;  it  may  be  the  same  thing. 

Senator  Morgan.  Yes;  eviction  is  about  the  softest  word  that  I 
have  heard  applied  to  it. 

Senatx)r  Dryden.  I  suppose  the  man  that  is  put  out  doesn't  know  the 
diflFerence. 

Senator  Morgan.  And  it  extends  to  all  classes  of  people  without 
reference  to  citizenship,  except  the  individuals  that  were  tnere  before 
a  certain  date? 

General  Davis.  Yes. 

Senator  Morgan.  They  are  exempt? 

General  Davis.  Yes. 

Senator  Morgan.  American  citizens  are  not  exempt? 

General  Davis.  You  m^an  American  citizens  who  were  there  ante- 
rior to  this  date? 

Senator  Morgan.  No;  citizens  who  have  come  there  since  then. 

General  Davis.  No,  sir;  they  are  not. 

Senator  Morgan.  Taking  an  employee  of  the  Government  who  may 
be  a  man  getting  $3,000  or  $5,000  a  year,  who  becomes  a  nuisance  and 
a  danger  to  the  work  we  are  carrying  on  there,  this  order  gives  you 
the  power  to  banish  him? 

General  Davis.  Yes. 

Senator  Morgan.  Well,  that  power  doesn't  belong  to  any  other  offi- 
cial in  the  United  States  or  scarcely  in  the  world.  At  the  same  time 
it  is  legitimate,  provided  you  put  the  character  of  the  government 
upon  the  right  footing,  say  in  your  law  that  this  is  a  military  reserva- 
tion, and  then  the  power  comes  from  that  fact,  it  is  a  military  power 
exercised  in  a  discretionary  way,  and  the  officer  is  protected.  I  think 
that  one  of  the  provisions  in  that  law  must  have  been  suggested  to  the 
President's  mind  by  the  fact  that  certain  aggregations  or  combinations 
or  associations  of  laborers  have  grown  up  in  the  United  States,  and 
pretty  much  all  over  the  world,  which  might  be  very  disadvantageous 
in  the  canal. 

General  Davis.  Of  course  I  can  not  say  what  may  have  actuated  him 
in  putting  that  language  in  the  order.  I  do  not  imagine  that  he  thinks 
the  ordinary  trades  union  as  it  is  formed  througnout  the  country 
would  necessarily  be  a  dangerous  element.  I  do  not  think  that  that 
could  have  been  in  his  mind,  although  of  course  I  don't  know  about  it. 

Senator  Morgan.  Suppose  some  man,  black  or  white  or  yellow  or 
red— for  you  have  all  the  complexions  there  that  nature  knows  about — 
should  come  into  that  Zone  for  the  purpose  of  organizing  a  strike 
among  the  laborers;  would  you  be  authorized  to  banish  him  under 
this  law  ? 

General  Davis.  I  should  think  the  authority  would  be  sufficient  to 
send  him  away;  yes. 

Senator  Morgan.  And  don't  you  think  the  necessity  would  be 
extreme  that  he  should  be  banished? 

General  Davis.  I  know  cases  of  labor  agitators  in  Porto  Rico  that 
were  evicted  under  Spain,  and  I  think  ou^ht  to  be  evicted  now  at  any 
time,  and  it  would  be  a  wise  act  to  do  it,  in  my  opinion. 
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Senator  Morgan.  The  power  to  evict  a  man  who  raay  interrupt  labor 
there  in  any  way,  and  particularly  a  man  who  ma\'  do  it  for  tne  pur- 
pose of  getting  up  great  demonstrations  on  the  part  of  labor,  is  cer- 
tainly a  power  that  the  government  of  the  Zone  ought  to  possess. 
You  could  not  very  well  get  along  without  it  in  a  mixed  community 
like  that,  and  they  are  very  liable  there  to  have  agitations,  I  suppose  ? 

General  Davis.  I  think  so;  I  think  we  are  bound  to  have  them. 

Senator  Morgan.  And  with  the  negro  there  that  is  not  abstemious 

(ienei*al  Davis.  In  the  way  of  intoxicating  liquors? 

Senator  Morgan.  Yes. 

General  Davis.  I  must  say  this  for  the  Jamaica  negro :  That  he  is 
not  a  cantankerous  individual;  he  is  not  a  Quarrelsome  person  at  all; 
he  is  not  a  drunkard.  While  I  was  on  the  isthmus  I  did  not  see  two 
Jamaica  negroes  who  were  drunk. 

Senator  Morgan.  You  do  not  know  about  the  Spaniards  that  came 
from  northern  Spain,  about  a  thousand  of  them;  how  they  have  worked  i 

General  Davis.  They  came  over  recently  ? 

Senator  Morgan.  Yes. 

General  Davis.  The  men  that  live  on  the  shores  of  the  Bay  of  Bis- 
cay— the  north  of  Spain  men — are  excellent  men. 

Senator  Morgan.  But  meddlesome  and  high  tempered? 

General  Davis.  Not  specially  so.  Those  north  of  Spain  men  are 
excellent  laborers. 

Senator  Dryden.  If  Senator  Morgan  will  allow  me  to  interrupt  him, 
I  wish  General  Davis  would  state  what  are  the  weaknesses  of  the  West 
Indian  negro. 

General  Davis.  Laziness. 

Senator  Dryden.  That  is  about  all? 

General  Davis.  He  is  not  malicious  or  vicious.  There  is  more  or 
less  petty  thievery  going  on  among  them,  but  highway  robbery  and 
murder  are  very  rare,  much  more  rare  than  they  are  among  our 
southern  negroes,  I  think,  from  my  observation. 

Senator  Dryden.  They  do  not  think  it  wrong,  1  suppose,  to  pilfer 
a  little? 

General  Davis.  I  do  not  believe  they  do;  it  is  sort  of  a  transfer  of 
possessions  which  does  not  mean  much  to  them. 

Senator  Morgan.  Another  reason  that  suggested  itself  to  my  mind. 
General — and  I  wish  to  know  whether  joxx  concur  or  not — for  making 
a  military  zone  of  this  area  is  the  possible  danger  of  riots  or  belliger- 
ent operations  among  the  employees  and  the  like  of  that  that  might 
occur  in  the  Zone  or  that  might  occur  among  the  Panamanians  in  Colon 
and  Panama. 

General  Davis.  Yes,  sir;  of  course  it  goes  without  saying  that  the 
Zone  is  not  and  never  can  be  a  settled  community;  that  would  be  an 
impossibility.  Its  inhabitants  are,  you  might  say,  exotic;  they  are 
only  there  for  a  limited  period,  and  as  soon  as  they  get  through  with 
what  they  are  there  for  they  leave.  Of  course  a  settled  community, 
where  the  inhabitants  have  been  born  there  and  raised  there  and  live<l 
there  all  their  lives  and  expect  to  die  thene,  is  one  proposition;  but 
with  a  community  such  as  will  exist  at  Panama,  as  aoes  exist  to-day 
and  will  exist  until  the  canal  is  finished,  there  is  no  such  thing  as  pub- 
lic sentiment.  That  public  sentiment  is  our  safety,  our  balance  wneel 
all  over  our  country 

Senator  Morgan.  At  home,  yes. 
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General  Davis.  But  public  sentiment  has  no  force  on  the  Isthmus 
that  I  could  discover. 

Senator  Morgan.  Is  there  any  authority  that  you  know  of  that  is 
more  respected  by  the  people  of  all  classes  you  have  mentioned  and 
that  we  know  are  there  than  the  military  authority  ? 

General  Davis.  There  is  a  very  definite,  positive  respect  paid  to 
either  an  exercise  of  force  or  a  visible  power  to  exercise  it. 

Senator  Morgan.  They  have  been  raised  that  way? 

General  Davis.  Born  and  grown  up  to  it;  yes. 

Senator  Morgan.  So  it  would  be  very  difficult  to  control  them  by 
oitiinary  civil  process,  such  as  arrest  and  imprisonment  in  a  jail  or 
penitentiary? 

General  Davis.  I  think  that  a  force  should  be  available,  so  that  in 
case  there  was  a  disposition  to  disregard  the  exercise  of  the  ordinary 

r)lice  agencies  of  the  country  a  stronger  force  could  be  invoked,  but 
doubt  very  much  that  it  would  be  necessary  to  use  it.  I  think  the 
presence  of  it  would  serve  the  purpose. 

Senator  Morgan.  That  is,  the  presence  of  the  power  would  dispense 
with  the  necessity  of  using  it? 

General  Davis.  Yes. 

Senator  Morgan.  But  I  was  considering  it  now  as  a  form  of  govern- 
ment, with  the  view  of  impressing  the  sense  of  authority  of  the  United 
over  everybody  in  that  Zone,  whether  it  is  not  stronger  and  easier  to 
execute,  and  less  dangerous  to  the  individual  people  who  are  controlled 
in  that  way,  if  it  appears  in  military  form  than  in  the  form  of  the 
administration  of  justice  on  benches  and  in  courts? 

General  Davis.  Well,  is  that  a  question? 

Senator  Morgan.  Yes. 

(The  stenographer  repeated  the  question.) 

General  Davis.  The  simpler  the  government  the  better,  and  I  sup- 

Eose  a  benevolent  despotism  is  the  only  really  perfect'  government  that 
as  been  conceived  by  man.  But  the  simpler  this  government  the 
better,  and  if  the  people  of  the  United  States  through  their  represen- 
tatives in  Congress  are  willing  to  delegate  that  power  to  the  governor 
of  the  Zone  or  to  the  President,  so  tnat  he  may  name  a  governor  of 
the  Zone  with  those  attributes,  I  should  say  it  would  be  very  desira- 
ble. But  I  have  always  had  some  doubt  as  to  the  willingness  of  the 
people  of  the  United  States  to  delegate  such  power  to  anybody,  I  have 
alw^avs  thought  that  there  would  be  a  hesitancy  on  the  part  of  you 
gentlemen  to  do  it.  It  has  seemed  to  me,  from  what. I  have  read  and 
studied  of  these  things,  that  that  might  not  be  willingly  accorded* 

Senator  Morgan.  My  view  of  that  situation  is  that  we  can  not  do  it 
unless  we  subject  this  area  over  which  this  Government  prevails  to 
military  law  in  time  of  peace  as  well  as  in  time  of  war. 

General,  in  the  administration  of  this  office  you  have  had  to  be  very 
painstaking,  I  suppose,  and  very  active  ? 

General  Davis.  1  have  done  my  best  to  discharge  my  duties.  I  do 
not  claim  any  particular  credit  for  that. 

Senator  Morgan.  No;  I  am  not  speaking  of  the  credit;  I  am  speak- 
ing of  whether  it  has  been  a  duty  that  was  onerous. 

General  Davis.  It  was.     The  year  I  spent  at  Panama  was  perhaps  a 
year  of  as  great  anxieties  and  as  hard  labor — mentally,  of  course — 
harder  than  any  I  can  remember  in  my  life. 
Ewo  I  o— 06 58 
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Senator  Morgan.  Either  in  Porto  Rico  or  Cuba  or  the  Philippines  if 

General  Davis.  Yes.  Not  because  of  the  difficulties  in  the  govern- 
ment per  se,  but  on  account  of  the  inherent  difficulties  of  the  situa- 
tion, without  a  definite  knowledge  as  to  the  extent  of  the  power  of  the 
governor,  on  account  of  the  presence  of  a  neighboring  authority  that 
pretended  to  certain  powers  of  its  own,  even  tnose  that  looked  to  the 
control  of  the  judiciary  in  some  instances,  and  since  it  was  of  the 
utmost  importance,  as  1  felt  and  as  it  was  impressed  upon  me,  to  ^et 
along  harmoniously  with  this  neighboring  authority,-  the  sovereign 
Republic  of  Panama,  it  was  always  a  source  of  considerable  anxiety  to 
me  to  know  just  how  to  direct  my  steps  so  that  friction  could  be 
avoided,  so  that  hannonious  results  could  be  obtained. 

The  absence  of  any  idea  of  summary  action  1  endeavored  always  to 
inculcate  among  my  subordinates— among  those  I  relied  upon  to  assist 
me  in  carrying  on  the  work — and  so  it  left  a  situation  witn  some  anx- 
ieties. But  I  do  not  know,  if  I  had  it  all  to  go  over  again,  whether  I 
could  do  any  better. 

Senator  Morgan.  Have  you  any  suggestion  of  any  important  law 
for  the  control  of  that  Zone  that  you  think  ought  to  be  enacted? 

Geneml  Davis.  I  think  this  basis  of  government  that  has  been 
announced  by  the  President  (on  the  9th  of  May,  1904),  together  with 
certain  Executive  orders  that  have  since  been  published,  and  certain 
legislation  that  has  been  enacted  by  the  Commission  since,  furnish  a 
basis  of  governing  the  Zone  that  can  be  carried  on  practically.  It  is 
not  the  simplest  form  of  a  government  that  can  be  conceived,  but  it  is 
being  applied  now,  as  I  understand,  without  friction  and  without 
special  difficulty.  I  learned  that  by  conversations  with  Governor 
Magoon,  who  has  been  here  recently,  and  he  seems  to  be  getting  on 
well  and  without  friction  or  difficulty. 

As  an  ideal  proposition  I  think  the  vesting  of  a  chief  executive  in 
the  Zone  with  very  considerable  executive  power,  |ind  simplif3'iiig  the 
application  of  that  power  as  much  as  possible,  is  desimble;  out  I  would 
hesitate  to  attempt  to  point  out  in  detail  how  that  variation  might  be 
Qflfected.  It  would  be  a  difficult  matter.  It  is  one  involving  a  great 
deal  of  study,  for  while  the  Zone  is  a  little  place,  is  a  small  affair  in 
territory,  is  small  in  population,  yet  a  single  individual  who  resides  in 
it  has  certain  rights,  or  what  he  feels  to  be  his  rights,  and  those  are 
just  as  important  to  him  as  if  he  lived  in  the  city  of  New  York  or 
Paris  or  London,  and  therefore  a  proper  regard  for  the  rights  of  the 
individual  is  just  as  important  to  tne  governor  of  the  Zone  as  it  is  if 
he  were  governor  of  Illinois. 

Senator  Morgan.  Was  there  any  friction  of  any  impoilant  character 
between  the  Government  of  Panama  and  the  government  of  the  Zone^ 

General  Davis.  Friction  of  an  important  character?  That  would 
depend  upon*  the  point  of  view  individually.  I  do  not  think  there  was, 
and  I  do  not  know  of  anybody  by  name  who  did,  but  the  newspapers 
made  much  of  it  and  a  great  deal  was  published  about  friction  existing 
between  the  governor  and  the  Republic  of  Panama,  and  all  kinds  of 
stories  were  printed  and  falsehoods  circulated  without  end,  and  public 
sentiment  was  created,  perhaps. 

1  don't  know  whether  I  would  say  that  there  was  a  public  senti- 
ment, but  there  was  a  sentiment  expressed  very  generally  in  newspa- 
pers throughout  the  country  that  there  was  great  necessity  on  the  part 
of  the  Administration  to  harmonize  these  questions  at  issue  between 
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the  governor  of  the  Zone  and  the  Republic  of  Panama,  and  whether 
that  was  the  cause  of  action  or  not  I  don't  know,  but  Mr.  Taft  visited 
the  Isthmus  in,  1  think  it  was  December  or  February,  1905,  and  had 
very  full  and  free  discussion  of  these  various  questions  that  were  then 
the  subject  of  some  irritation  with  the  President  of  the  Republic  and 
his  cabinet,  with  the  governor  of  the  Zone  and  his  officers,  and  as  an 
outcome  of  that  discussion  a  new  basis  of  treating  certain  questions 
was  established. 

Senator  Morgan.  Established  temporarily  ? 

General  Davis.  Well,  established  for  the  time  being.  All  of  this  is 
temporary,  I  suppose,  until  Congress  shall  act.  But  he  established 
<3ertain  bases  of  action  and  put  them  into  force.  And  the  authorities 
of  the  republics  were  very  happy  over  it,  felt  that  they  had  accom- 
plished a  part,  at  least,  of  what  tney  set  out  for,  and  the  administration 
of  the  government  under  those  modified  instructions  went  on  without 
friction  or  difficulty,  and  the  rules  were  carried  into  effect  just  as 
before. 

Senator  Morgan.  These  questions  that  had  to  be  settled  related  to 
commercial  and  financial  affairs  i 

General  Davis.  Largely  so;  yes,  sir.  The  authorities  of  the  Repub- 
lic insisted  that  they  were  partners  in  a  certain  sense  with  the  United 
States  in  the  exercise  of  judicial  functions  in  the  Zone.  The  minister 
of  foreign  affairs  addressed  me  letters  on  that  subject  asking  me  to 
arrange  with  him  for  the  appointment  of  a  commission  looking  to  the 
adjustment  of  that  question,  which  I  declined  to  do;  but  1  know  that 
he  insisted  that'  certain  functions  of  government  still  resided  in  the 
Republic  of  Panama  with  respect  to  the  Zone.  Since  then,  so  far  as 
1  know,  he  has  not  revived  that  question. 

Senator  Morgan.  Did  that  question  arise  in  consequence  of  some 
judicial  action  taken  in  the  Zone  i 

General  Davis.  I  think  it  arose  in  respect  to  some  particular  court's 

groceedings.  Some  man  had  a  cause  in  hearing  in  the  courts  of  the 
epublic  before  the  Zone  was  established.  When  the  Zone  \^5as 
established  and  this  judicial  proceeding  had  not  yet  been  concluded 
the  judge  handling  that  case  passed  it  over  to  the  minister  of  foreign 
affairs  of  the  Republic,  and  he  passed  it  over  to  me  as  governor,  and 
I  referred  it  to  the  judge  of  the  district  court,  or  the  proper  court,  so 
that  it  might  be  concluded  in  that  court. 

Now,  I  know  that  that  was  one  case.  Another  was  a  case  of  similar 
nature  that  had  been  carried  partly  through  its  career  and  had  not 
been  transferred  to  the  governor  of  the  Zone.  The  authorities  of  the 
Republic  thought,  probably — of  course  I  can  not  say  what  they  thought, 
but  only  jud^e  of  their  thoughts  by  their  actions — thought,  probably, 
that  they  haa  some  rights  stul  vested  in  themselves  in  regard  to  tne 
handling  of  these  cases,  and  some  such  case  as  that  was  not  transferred, 
whereupon  the  plaintiff  invoked  the  authorities  in  the  Zone  to  open 
the  case  de  novo,  as  the  property  involved  was  situated  in  the  Zone. 
That  resulted  in  this  controversy  and  discussion,  and  resulted  in  the 
proposition  made  to  me  by  the  minister  of  foreign  affairs  to  appoint  a 
commission  for  the  pui-pose  of  considering  and  adjusting  this  whole 
matter.     As  I  said  before,  I  declined  to  enter  upon  that. 

Senator  Morgan.  In  a  criminal  procedure  m  the  Zone,  were  any 
exceptions  taken  to  the  judges  in  tne  courts  by  the  Panama  Canal 
Company? 
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General  Davis.  No. 

Senator  Morgan.  There  was  a  lottery  case  that  came  here. 

General  Davis.  Yes. 

Senator  Morgan.  Did  that  originate  in  one  of  your  courts  i 

Geneml  Davis.  Yes;  that  originated  by  ordei-s  given  to  the  chief  of 
police  to  arrest  men  carrying  on  gambling  operations  in  violation  of 
the  local  law,  the  law  applicable  to  the  Zone.  The  arrests  were  made. 
They  happened  to  be  Chinamen,  I  think,  and  those  men  were  brought 
before  tne  municipal  coin-ts— the  lowest  court — and  remanded  to  a 
higher  court,  and  tnen  bonds  were  given  for  appearance  and  an  appeal 
taken,  and  finally,  in  some  way  or  other— I  don't  know  how  and  1 
never  could  quite  understand  how — they  managed  to  get  the  case 
before  the  Supreme  Court  of  the  United  States. 

Senator  Morgan.  On  a  motion  for  certiorari,  I  think? 

General  Davis.  Yes. 

Senator  Morgan.  And  the  Supreme  Court  declined  to  take  juris- 
diction? 

General  Davis.  Yes. 

Senator  Morgan.  And  so  the  judgment  of  the  Zone  court  stood  ^ 

General  Davis.  Yes. 

Senator  Morgan.  And  has  been  enforced  ? 

Genei-al  Davis.  Yes. 

Senator  Morgan.  Did  the  governor  of  Panama  complain  of  that 
judgment? 

General  Davis.  No,  not  to  me;  if  so,  it  has  been  since  I  left  there. 

Senator  Morgan.  And  that  was  a  lottery  law  that  claimed  to  have 
been  enacted  by  Colombia  or  Panama? 

General  Davis.  By  Colombia. 

Senator  Morgan.  Granting  a  gambling  franchise? 

General  Davis.  A  monopoly  of  gambling,  yes;  for  which  a  man 
paid  a  (certain  sum. 

Senator  Morgan.  Just  what  does  that  mean — "monopoly  of  gam- 
bling;^' does  that  mean  all  kinds  of  gambling? 

General  Davis.  1  am  not  certain  that  it  means  all  kinds,  but  he  was 
privileged  to  conduct  the  kind  of  gambling  that  the  people  of  Panama 
engaged  in,  which  is  the  usual  gambling,  I  think,  prmcipally  roulette; 
I  nave  forgotten  now  what  else.  Roulette  I  think  is  the  principal 
gambling  game  that  they  engaged  in.  He  had  the  right  to  conduct 
under  this  franchise  all  those  games  and  was  required  U>  pay  over  to 
the  Republic  a  stated  sum  per  month  or  quarter. 

Senator  Morgan.  And  tnat  concession  or  monopoly  extended  down 
into 

General  Davis.  It  expired  some  months  ago  and  has  not  been 
renewed. 

Senator  Morgan.  And  was  in  force  at  the  time  you  were  there? 

General  Davis.  Yes. 

Senator  Morgan.  So  you  succeeded  in  stopping  gambling? 

General  Davis.  Yes;  that  was  stopped  absolutely.  There  is  no  gam- 
bling in  the  Zone  carried  on  now  unless  it  is  done  secretly  and  by  con- 
nivance. 

Senator  Morgan.  There  is  none  carried  on  under  a  license? 

General  Davis.  No,  sir;  there  is  none  carried  on  under  a  license, 
and  the  chief  of  police  had  from  me  and  has  from  the  present  governor 
orders  to  prevent  it,  and  he  has  been  told  in  effect  that  this  gambling 
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can  not  exist  without  his  knowledge,  and  if  it  does  go  on  the  governor 
will  know  that  he  is  incapable  of  enforcing  the  law  and  will  get  some 
one  else. 

Senator  Morgan.  That  seems  to  cover  suflBciently  the  question  of 
judicial  friction,  if  any  has  arisen.  Now,  about  the  commercial  fric- 
tion that  arose  there;  what  was  the  character  of  that? 

General  Davis.  That  was  largely  based  on  a  misapprehension  —an 
idea  that  merchants  of  Panama  conceived  that  their  trade  was  going 
to  be  taken  from  them  by  a  combination  of  circumstances  that  were  to 
come  about  through  the  fact  that  the  United  States  was  going  to 
implant  in  the  Canal  Zone  the  fiscal  system  which  we  have  in  the  United 
States;  that  is,  that  the  Dingley  rates  of  duty  were  to  apply  to  all 
importations  into  the  Zone.  They  thought  that  we  intended  to  bring 
into  the  Zone  everything  that  we  needed  for  our  own  use  or  that 
oifered  for  sale  in  private  establishments  likely  to  be  required  or  used 
by  the  inhabitants  of  the  Zone — men,  women,  and  children — in  other 
words,  that  free  trade  between  the  United  States  and  the  Zone  was  to 
exist. 

They  said  that  if  this  is  the  case,  then,  as  the  limit  of  the  Zone  is  an 
undefined  one,  as  it  is  simply  a  question  of  crossing  the  street  in  some 
<Mises,  as  the  country  is  covered  with  a  jungle  in  large  parts,  goods 
brought  into  the  Zone  free  of  tax  or  duty  can  be  spirited  across  the 
border  and  their  own  revenues  depleted  unless  they  had  some  control 
over  the  entry  of  those  croods  into  the  Zone  in  the  first  place.  Now, 
that  was  their  fear.  The  entry  and  clearing  of  vessels  to  the  two 
ports,  Christobal  and  Colon,  which  were  two  new  ports  created  by 
executive  order  of  Secretary  Taft,  was  an  evidence  in  their  minds  that 
this  very  danger  was  impending  and  was  certain  to  exist,  and  that  tlie 
effect  of  it  was  going  to  be  very  disastrous  to  them.  These  repre- 
sentations were  made  and  circulated. 

They  felt  that  for  the  United  States  to  enter  and  clear  a  vessel  from 
La  Boca,  which  was  called  the  port  of  Ancon,  a  new  name  that  was  ap- 
plied to  that  municipality,  was  an  act  which  infringed  the  rights  of  the 
Kepublic.  The  Hay-Varilla  treaty  describes  how  certain  harbors  and 
ports  are  to  be  treated — that  is,  the  ports  of  Colon  and  Panama.  They 
considered  that  the  harbor  of  Panama  included  La  Boca. 

It  seemed  to  me  that  it  could  not  possibly  be  so;  that  the  United 
States  could  not  possibly  admit  that  La  Boca,  a  part  of  the  canal  itself, 
the  very  prism  of  the  canal  which  we  have  bought  and  paid  for — that 
we  could  not  possibly  admit  that  that  particular  piece  of  the  canal 
prism  2i  miles  from  the  city  of  Panama  and  3  or  4  miles  away  from 
what  was  formerly  and  what  has  usually  been  called  the*  harbor  of 
Panama — it  did  not  seem  to  me  possible  that  the  United  States 
could  tolerate  the  idea  that  La  Boca — that  is  to  say,  the  mouth  of  the 
canal  on  the  Pacific  side— could  be  conceded  to  be  within  the  exclusive 
jurisdiction  of  the  Republic  of  Panama,  and  upon  that  basis  1  nego- 
tiated with  the  authorities  of  the  Republic  and  endeavored  to  arrive  at 
a  modus  vivendi  in  respect  to  the  limit^s  of  the  Zone. 

That  was  one  of  the  first  things  I  did  after  I  arrived  on  the  Isthmus. 
And  fortunately — I  say  fortunately  because  Secretary  Taft  has  so 
described  it — an  arrangement  was  arrived  at,  and  then  the  governor  of 
the  Republic,  Mr.  Arias,  was  the  minister  of  foreign  affairs,  and  an 
agreement  was  arranged  delimiting  the  Zone  territory  on  a  provisional 
basis  until  it  could  be  taken  up  and  decided  bj-  a  higher  authority. 
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Now,  the  doing  of  this  brought  about  a  state  of  affairs  in  the  Republic 
which  seemed  to  them  to  indicate  the  certainty  that  these  trade  con- 
ditions were  to  prevail;  that  if  they  prevailed  the  interests  of  the  mer- 
chants of  Panama  would  be  greatly  impaired. 

Their  representations  to  the  authorities  of  the  Republic  brought 
a)x)ut  this  condition  which  I  have  referred  to  earlier  in  my  remat*ks; 
that  is.  a  condition  where  it  was  said  in  the  public  press  that  friction 
existed  between  the  governor  and  the  authorities  of  the  Republic. 
Now,  those  were  adjusted  by  Secretary  Taft;  they  were  harmonized 
by  concessions  on  each  side,  perhaps.  I  think  certainly  there  were 
concessions  on  each  side,  ana  a  basis  was  arrived  at  that  has  been  in 
operation  since,  satisfactorily  in  operation  since,  as  far  as  1  know. 

Senator  Morgan.  That  is  what  is  embodied  in  what  is  called  the 
modus  Vivendi  and  is  already  in  our  records. 

General  Davis.  Yes;  that  is  in  your  record. 

Senator  Morgan.  And  we  will  not  go  into  an  examination  of  that; 
at  least  I  will  not. 

General  Davis.  It  has  worked  very  well  and  it  applies  to  the  trade 
and  applies  to  the  postal  system  and  applies  to  the  entrance  and  clear- 
ance or  vessels. 

Senator  Morgan.  And  to  the  fiscal  system;  the  money? 

General  Davis.  Well,  that  was  not  embraced  in  the  agreement  I 
made;  that  was  not  in  that. 

Senator  Morgan.  That  was  subsequent;  yes. 

General  Davis.  A  subsequent  agreement.  But  his  later  arrange- 
ment with  the  Republic  covered  that  fiscal  matter.  I  never  had  any- 
thing to  do  with  that  fiscal  matter;  that  never  came  to  me  at  all. 

Senator  Morgan.  At  the  time  you  were  there  as  a  member  of  the 
Commission  and  governor  of  the  Zone  did  you  recognize  that  there 
were  any  material  difficulties  in  the  money  that  was  in  circulation,  using 
it  for  canal  purposes? 

Genei-al  Davis.  There  were  inconveniences,  yes.  When  I  arrived 
there  the  money  in  circulation  in  the  country  was  the  Colombian  silver, 
the  peso  and  the  media  peso  and  the  smaller  denominations,  fractional 
currency.  That  money  was  a  coinage  that  was  applicable  to  the  whole 
of  Colombia,  but  it  did  not  circulate  except  on  the  Isthmus  of  Panama. 
That  is,  it  was  money  of  Colombia  proper,  but  on  account  of  the  issue 
of  paper  money  in  Colombia  it  did  not  circulate  in  Colombia.  It  dis- 
appeared entirely  from  circulation  in  Colombia,  and  the  exchange  for 
silver  in  the  Columbian  markets  was  10,000  to  1,  paper  for  silver. 

But  Panama  always  maintained  a  metallic  basis  for  its  currency; 
even  before  the  secession  or  independence  it  always  had  a  metallic 
basis  for  its  currency.  That  is  to  say,  there  was  nothing  marked  on 
these  Panama  Colombian  dollars  to  indicate  that  they  pertained  par- 
ticularly to  Panama,  but  the  fact  was  that  they  were  in  circulation 
nowhere  else  but  on  the  Isthmus  of  Panama.  And  there  it  was  the 
only  money  in  circulation,  except  a  small  amount  of  English  money^ 
or  American  money,  or  French  money,  and  some  little  Peruvian 
money. 

Generally  the  money  in  circulation  was  this  Colombian  silver  dol- 
lar, with  no  other  mark  on  it  than  the  Colombian  mark,  and  which 
wajs  a  legal  tender  in  the  Republic  of  Colombia  everywhere,  but  prac- 
tically out  of  use  in  the  Republic  except  in  Panama.  The  French  in 
carrying  on  their  work  had  proceeded  on  just  the  same  basis  that  we 
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would  proceed  if  we  were  doing  a  piece  of  work  in  France;  that  is  to  say, 
in  paying  off  labor  we  would  buy  francs  and  disburse  francs  and  their 
other  denominations  to  our  laborers,  supposing  we  were  carrying 
on  our  work  in  that  way;  the  Frenchmen  did  exactly  the  same  thing. 

They  had  every  two  weeks  a  certain  bill  to  pay  for  the  labor  of 
those  two  weeks.  Calculating  it,  they  went  to  banks  and  bought  that 
amount  of  Colombian  silver  and  then  disbursed  it.  The  monej^  came 
into  their  hands  and  passed  out  into  the  hands  of  their  employees,  and 
in  a  little  while  it  would  come  back  into  the  hands  of  the  bankers  and 
merchants. 

Senator  Morgan.  And  they  would  pay  for  that  Colombian  money 
by  exchange  on  Paris  ? 

General  Davis.  That  is  the  way  the  Frenchmen  did.  When  I  arrived 
there  with  instructions  to  carry  on  the  work  as  the  French  had  carried 
it  on,  I  had  no  discretion  and  I  proceeded  in  the  same  way.  When 
our  first  dav  for  paying  came  around  our  disbursing  officer  said,  "  1 
have  some  United  States  money  here  but  no  local  money,  and  these 
men  are  in  the  habit  of  getting  their  money  in  Colombian  silver."  1 
said,  *'  Post  up  an  advertisement  asking  for  bids  for  furnishing  as  much 
money  as  you  want  for  your  next  pay  daj',  and  submit  those  bids 
to  me." 

He  posted  up  that  notice,  advertised  for  bids,  and  told  these  people 
that  he  would  give  them  checks  on  the  assistant  treasurer  in  New  York 
for  the  amount  of  silver  that  he  wanted  to  buy  for  use  in  disbursement 
to  our  employees,  and  that  he  would  accept  bids  for  the  whole  or  any 
part  of  that,  depending  on  which  was  the  lowest.  He  submitted  an 
abstract  of  those  bids  to  me,  checking  off  against  each  the  aggre- 
gate, and  we  accepted  the  lowest  bids.  I  approved  the  schedule  and 
ordered  him  to  make  the  purchase  of  silver,  and  he  bought  it  and 
disbursed  it.  And  the  vouchers  were  submitted  to  the  Treasury 
Department  and  they  showed  that  these  particular  men  were  paid  by 
money  derived  in  such  and  such  a  way,  and  the  rate  of  exchange  would 
be  stated,  so  that  everybod}-  who  handled  the  papers  would  know 
everything  that  occurred  in  regard  to  the  transaction. 

That  continued,  and  our  disbursements  became  larger  as  time  went 
on,  and  busine^^is  became  more  and  more  important.  It  was  a  business 
that  the  bankers  did  not  relish;  that  is,  the  way  we  administered  it  they 
did  not  relish.  We  asked  for  public  bids  for  this  money ;  we  treated  it  as 
a  merchandise  and  told  the  merchants  of  the  Isthmus  that  we  wished  to 
purchase  so  man}'^  articles  called  pesos,  and  asked  them  what  price  they 
would  sell  for.     The  Frenchmen  had  not  proceeded  that  way ;  they  had 

fone  to  the  bankers  and  had  said,  ^^  What  is  your  rate  to-day  on  Paris? " 
'hen  they  would  get  the  quotation,  and  then  they  would  get  the  amount 
of  silver  necessary  to  pay  off  their  men  and  pay  for  it  with  a  draft  on 
Paris,  and  the  public  Knew  nothing  about  it. 

The  bankers,  Ehrmann  &  Brandon,  and  the  other  banking  house 
there  were  not  pleased  with  this  method  that  we  Americans  pursued 
of  publicit}%  and  there  was  a  good  deal  of  criticism  about  it — mere 
criticism,  which  did  not  amount  to  anything;  it  never  bothered  any- 
body, but  still  there  was  a  feeling  that  the  banker  was  treated  with 
scant  courtes}'.  In  other  words,  I  remember  Mr.  Brandon  on  one 
occasion  said  to  me:  "We  will  furnish  you  with  all  the  money  you 
want  if  you  come  to  us  for  it,  but  we  are  not  going  to  bid  for  it  in 
competition  with  ever}^  Chinaman  and  every  other  fellow  here  who 
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wants  to  bid.  We  are  bankers,  and  we  will  not  put  ourselvcij  on  a 
level  with  all  these  people."  But  it  didn't  make  any  difference:  we 
got  all  the  money  we  wanted. 

Of  course  there  was  a  constant  desire  on  the  part  of  the  people  who 
bid  to  get  as  high  a  price  as  possible  for  their  silver,  and  the  rate  was 
continually  fluctuating.  I  think  we  bought  it  at  a  rate  as  high  as  115 
or  even  120— that  is  to  say,  it  sold  for  215  in  silver,  220.  I  don't 
know  but  what  in  some  instances  it  went  as  high  as  225.  It  was  con- 
tinually changing  up  and  down,  and  it  is  very  unsatisfactory  to  have 
a  mone^'  that  was  so  fluctuating  as  that,  and  the  conditions  were  as  I 
say.  Later  on  the  International  Banking  Corporation  of  the  United 
States,  incorporated,  I  think,  under  the  laws  of  Connecticut 

Senator  Moroan.  New  York,  was  it  not^ 

The  Chairman.  Under  the  laws  of  Connecticut,  I  think. 

General  Davis  (continuing).  I  thought  it  was  Connecticut — estab- 
lished a  branch  bank  on  the  Isthmus  and  the  manager  of  that  bank  had 
the  idea  that  he  was  going  to  control  the  whole  money  situation;  that 
is,  he  had  an  idea  that  the  (iovernment  of  the  United  States  was  going 
to  deposit  with  him  a  large  amount  of  currency  and  that  in  considera- 
tion of  that  he  could  afford  to  furnish  to  the  disbursing  officers  the 
necessary  amount  of  local  silver.  This  was  before  the  ranama  silver 
had  come  into  use.  He  thought  the  Government  of  the  United  States 
would  keep  a  large  enough  deposit  with  him  to  justifj^  him  in  doing 
that. 

It  was  found  that  the  national  banking  act  did  not  apph*  to  the 
banks  maintained  outride  the  territory  of  the  United  States,  and  so 
they  could  not  establish  a  national  bank  on  the  Isthmus.  That  proix)- 
sition  failed,  and  then  the  new  coinage  came  into  use,  brought  alx)ut 
in  the  manner  in  which  j'ou  know,  and  concerning  which  1  had  nothing 
whatever  to  do.  It  came  into  use.  The  agent  of  the  InterAational 
Banking  Corporation  at  first  said:  ''1  am  going  to  try  to  handle  this 
whole  tning  for  you  without  charge — I  am  going  to  try  to  do  it.  I 
don't  know  whether  I  will  succeed  or  not,  but  I  am  going  to  make  an 
effort.'' 

The  first  two  or  three  months  after  the  new  Panama  currency  came 
into  circulation  the  International  Banking  Corporation  received  from 
our  disbursing  officer  his  checks  on  the  assistant  treasurer  in  New 
York  at  par,  and  paid  over  the  mone\'^  at  par;  that  is  to  say,  for  $1 
of  the  United  States  money  he  gave  the  disbursing  officer  $2  of 
Panama  silver.  He  said:  ''  I  don't  Know  how  long  I  can  keep  this  up, 
but  I  am  going  to  attempt  it."  I  know  it  continued  for  about  two 
months,  and  then  the  quadrilateral  agreement  was  made  which  you 
have  taken  so  much  testimony  about. 

That  agreement  was  entered  into  by  the  four  banking  houses.  They 
all  agreed  among  themselves,  severally,  but  not  conjointly,  I  think,  to 
supply  the  disbursing  officer  with  all  the  money  he  wanted  at  par. 
Since  then  I  understand  that  plan  has  been  continued  and  the  disburs- 
ing officers  have  received  Panama  silver  for  United  States  checks  on 
the  United  States  assistant  treasurer  in  New  York  at  their  par  value 
in  gold;  that  is,  1^2  Panama  silver  for  $1  American  paper  or  gold.  The 
arrangement  that  was  made  has  worked  well  enough,  so  far  as  I  know. 

The  only  unfavorable  feature  of  it,  I  think,  is  that  if  an  employee 
of  the  United  States  wishes,  out  of  his  accumulated  savings  on  the 
Isthmus,  to  send  a  check  home,  he  can  not  go  to  the  disbursing  officer 
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and  get  it  without  expense,  but  he  has  to  go  to  a  banker  and  pay  for  it. 
I  think  it  is  three-quarters  of  1  per  cent,  or  something  like  that,  that 
he  is  charged.  I  don't  think  that  is  fair,  and  it  ought  not  to  be,  but  is 
not  a  very  important  matter,  and  is  one  concerning  which  1  had  no 
instrumentality  in  any  way. 

The  statement  has  been  made  \ti  respect  to  this  money  that  it  would 
not  be  possible  to  use  American  money  on  the  Isthmus  without  great 
inconvenience;  that  it  would  result  in  the  enhancement  of  the  price  of 
ever3^thing.  It  had  been  urged  that  if  you  would  pay  the  laborers  of 
the  United  States  in  American  money,  and  since  a  coin  of  the  size  of 
their  peso  would  cost  that  employee  twice  as  much  as  the  peso— that  is 
to  say,  it  would  pay  for  twice  as  much  labor  as  the  peso  would  pay  for — 
that  he  would  see  no  reason  why  that  particular  coin  of  such  a  size 
should  be  worth  more  than  another  coin  of  the  same  size.  That  is 
the  argument,  I  think,  that  has  been  made  here,  and  I  suppose  there 
is  some  basis  for  it. 

But  the  experience  I  have  had  on  the  Isthmus,  coupled  with  the 
experience  had  in  Porto  Rico,  when  they  changed  the  money  of  Poi1x) 
Rico,  has  made  me  come  to  this  conclusion:  That  if  I  had  it  all  to  do 
over  again  and  it  was  an  original  proposition,  instead  of  one  that  has 
been  handled  by  others  and  settled  in  a  certain  way,  I  would  go  at  the 
thing  exactly  the  other  way;  I  would  pay  ever}'  man  for  eveiy  day  he 
earned  or  every  commodity  I  purchased  on  the  Isthmus  of  Panama  in 
United  Stiites  money;  1  would  pay  out  the  greenbacks  or  gold  or  sil- 
ver, just  as  the  case  might  be,  at  its  face  value,  and  I  would  expect 
that  what  would  certainly  happen  would  be  that  within  a  month  or 
two  or  three  everybody  would  adjust  themselves  to  the  situation.  It 
worked  exactly  that  way  in  Porto  Rico. 

Senator  Hopkins.  May  I  interrupt  you  ^ 

General  Davis.  Certainly. 

Senator  Hopkins.  Is  there  not  this  diiference  between  Porto  Rico 
and  Panama:  That  in  Porto  Rico  you  have  a  considerable  community 
and  that  on  the  Isthnms  down  there  you  are  getting  people  from 
Martinique  and  from  that  place  and  this  place,  and  they  are  constantly 
changing^ 

General  Davis.  Yes  sir;  but  there  is  a  great  permanency;  there  is  a 
great  stability  as  respects  nationality  of  the  people  who  are  now  flock- 
ing to  Panama.  That  is  to  say,  they  are  English  or  French  negroes. 
Those  English  and  those  French  negroes  in  Jamaica  and  Martinique 
and  Guadaloupe  have  no  knowledge  of  an}'  other  money  than  gold; 
they  never  saw  a  coin  that  does  not  represent  gold  value:  there  is  not 
one  of  them  in  Jamaica  that  knows  about  any  money  except  shillings. 

Senator  Hopkins.  It  seemed  to  me  that  it  would  be  very  proper  to 
use  American  money  in  Porto  Rico,  because  that  is  a  permanent  civi- 
lization there,  and  it  has  a  more  i)ermanent  population:  that  is,  to  be  a 
part  of  the  possessions  of  this  country  for  all  time,  and  hence  the 
quicker  that  they  learn  the  methods  that  we  use  in  a  financial  and  com- 
mercial way  the  better  for  them.  The  quicker  they  become  familiar 
with  American  money  the  better  it  is;  but  I  do  not  think  that  idea 
would  prevail  to  that  extent  on  the  Isthmus. 

General  Davis.  There  are  two  facts  in  regard  to  that  matter  that  I 
think  I  may  refer  to,  with  your  permission,  that  may  have  a  bearing 
upon  it.  The  exchange  made  for  the  money  of  Spain  for  the  money 
of  the  United  States  in  Porto  Rico  was  on  a  basis  of  70  for  lOO;  that 
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is  to  sa3%  we  paid  70  cents  for  one  of  tbeir  dollars,  and  we  took  up  all 
of  the  Spanish  money  in  circulation  in  Porto  Rico — which,  by  the  way, 
every  coin  of  it,  had  the  words  "Porto  Rico"  stamped  on  it — and 
brought  it  to  Philadelphia  and  melted  it  up.  But  we  paid  for  it  an 
American  70  cents  for  a  Spanish  100  cents. 

The  other  fact  I  wanted  to  refer  to  is  this:  I  said  if  this  was  a  new 
proposition  I  would  proceed  so  and  so;  but  it  is  not  a  new  proposition, 
and  what  has  happened  makes  my  remarks  perhaps  inapplicable,  and 
that  is  this:  The  Secretary  of  War  and  a  commission  appointed  hr 
the  Republic  of  Panama  to  discuss  this  subject  of  a  currency  for  Pan- 
ama have  arranged  a  certain  modus  vivendi  or  basis  for  understanding, 
or  protocol,  or  whatever  it  may  be  called,  and  under  that  the  Republic 
of  Panama  has  gone  to  work  and  coined  $3,000,000,  and  that  puts  the 
thing  on  a  different  basis  entirely. 

\\  e  have  encourged  them  to  do  that.  We  not  only  ^ot  them  to  coin 
$3,000,000,  but  then  we  found  that  there  was  a  deficiency  of  monov 
for  circulating  purposes,  and  then  we  asked  them  to  coin  another  mil- 
lion, which  they  did.  So  it  is  not  an  original  proposition,  and  we  can 
not  revert  to  the  status  quo  ante,  and  I  only  remarked  if  we  were  to 
start  all  over  agpin  that  would  be  my  idea  of  the  way  to  treat  it. 

Senator  Morgan.  I  would  like  to  ask  j^ou  to  give  a  description, 
first,  of  the  taking  over  of  the  property  of  the  Panama  Canal  Com- 

riny  and  Railroad  Company  by  the  United  States.  You  were  there, 
believe,  and  conducted  that  operation  ? 

(ieneral  Davis.  Not  exactly,  Senator;  but  I  will  explain.  The  pa:?- 
sage  by  Congress  of  an  act  authorizing  the  President  to  organize  a 
government  for  the  Canal  Zone,  which  1  think  was  approved  about  the 
1st  of  April,  1904—1  am  not  sure  of  the  date^  but  that  is  about  the 
date,  I  think— upon  the  approval  of  that  act  instructions  were  >ent 
to  Paris  bj  the  proper  officer  of  the  Government  (1  don't  know  who) 
to  take  over  the  property  of  the  new  French  Canal  Comj>any  and  to 
arrange  for  the  pa3'ment  of  the  mone}'.  All  I  know  about  that  is  what 
I  have  read. 

At  the  same  time  that  order  was  given,  concurrently  with  it  or 
concurrent  with  the  actual  taking  over  of  the  property  in  Paris,  1 
think  instructions  wore  sent  to  an  officer  of  the  Army,  on  the  Isthmus 
of  Pijnama  at  that  time.  1  refer  to  Lieutenant  Brooke,  of  the  Corp^ 
of  Engineers.  Those  orders  directed  him  to  receive  from  the  dire<*tor- 
general  of  the  Panama  Canal  works  on  the  Isthmus  all  property  of 
tlie  Panama  Canal  Company.  I  was  at  that  moment  in  this  city.  This 
telegram  was  sent  to  Lieutenant  Brooke  and  was  received  bj-  hiiu  on 
the  l^d  of  April  and,  if  I  remember  correctly,  was  acted  upon  on  the 
4th  of  April,  the  di rector- geneml  of  the  New  Panama  Canal  ConipHny 
on  the  Isthmus  having  received  the  same  day  instructions  from  the 
Paris  office  to  do  exactly  the  same  thing. 

Tpon  rociMpt  of  those  instructions  bj- cable  Lieutt^nant  Brooke  waitevi 
on  Mr.  Konaiidin  and  took  over  from  him  the  propertv  of  the  New 
Panama  Canal,  situated  on  the  Isthmus  of  Panama,  including^  all  it- 
offices,  dmwings,  works  of  all  sorts  and  kinds.  I  may  be  wrong  about 
the  date;  upon  reflection  I  do  not  think  it  was  the  4th  of  April,  but 
the  4th  of  May;  I  think  I  was  a  month  off  in  stating  my  dates.  But 
thai  is  not  very  important.  I  arrived  on  the  Isthmus  on  the  17th  of 
May.  This  transfer  had  taken  place,  I  think,  on  the  4th  of  May.  I 
found  Lieutenant  Brooke  in  charge  of  the  works,  so  that  mj^  function? 
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in  GODDection  with  the  transfer  of  the  control  of  the  property  were 
almost  nil,  the  transfer  having  been  effected  about  ten  days  before  I 
arrived  there,  and  all  the  correspondence  between  Lieutenant  Brooke 
and  Mr^  Renatidin  is  all  printed  m  one  of  these  documents  which  you 
have  before  you. 

The  transfer  of  the  Panama  Railroad  was  never  made  to  me  at  all. 
The  orders  I  received  from  the  president  of  the  Isthmian  Canal  Com- 
mission, I  think,  dated  the  8th  of  May,  directed  me  to  proceed  to  the 
Isthmus  and  take  over  from  Lieutenant  Brooke  all  this  canal  prop- 
erty, but  specificallv  excepted  the  Panama  Railroad,  so  that  I  had  no 
authority  over  the  f  anama  Railroad  at  all. 

Senator  Morgan.  Was  the  railroad  property  taken  over  at  the  same 
time  that  the  canal  property  was  taken  Over? 

General  Davis.  The  railroad  property  was  never  taken  over  at  all 
in  a  physical  sense.  The  United  States  purchased  68,900  shares  of  the 
Panama  Railroad  stock  from  the  New  French  Canal  Companj^  and  the 
control  of  that  stock  permitted  the  Government  of  the  United  States 
to  control  the  board  of  directors  and  put  new  men  in  oflSice  and  con- 
trol the  management  through  the  board  of  directors.  So  that  in  a 
physical  sense  there  was  never  any  transfer  of  the  property  of  the 
Panama  Railroad  Company  to  the  United  States.  I  had  nothing  to  do 
with  it,  and  I  am  only  speaking  of  that  by  general  information. 

Senator  Morgan.  That  is  to  say,  there  was  no  actual  delivery? 

General  Davis.  No;  none  at  all. 

Senator  Morgan.  But  the  property  went  into  the  possession  of  the 
United  States? 

General  Davis.  Oh,  of  course  it  went  into  the  control  of  the  United 
States  through  its  own  agents,  the  directors. 

Senator  Morgan.  From  the  date  of  the  transfer  of  the  Panama 
Canal? 

General  Davis.  When  transfer  of  the  Panama  Canal  was  effected, 
an  annual  election  had  taken  place  only  one  month  before,  I  think. 
The  annual  meeting  of  stockholders,  1  think,  occurs  in  the  first  week 
in  April,  and  the  transfer  of  the  canal  propert}'^  was  made  in  May,  and 
a  new  board  of  directors  had  been  elected  and  gone  into  ofiiee  for  the 
Panama  Railroad  on  the  Ist  of  April.  They  are  elected  for  one  year; 
they  stay  in  office  during  the  remainder  of  the  period  for  which  they 
are  elected,  unless  they  see  tit  to  tender  their  resignations  earlier,  or 
for  some  reason  a  vacancy  occurs. 

So  that  some  of  the  board  of  directors  who  had  been  chosen  while 
the  canal  company  was  the  owner  of  the  stock  remained  in  office  until 
the  next  annual  election  took  place.  I  think  there  were  a  few  changes 
made,  meanwhile.  1  think  several  members  of  the  Isthmian  Canal 
Commission,  the  old  Walker  commission,  were  elected  to  places  on 
that  board  of  directors  on  account  of  the  resignations  of  other  persons; 
but  there  was  no  general  change  of  the  directorate  of  the  railroad 
until  the  ensuing  annual  meeting  of  the  stockholders  took  place. 

Senator  Morgan.  In  April,  1905? 

General  Davis.  In  April,  1905. 

Senator  Morgan.  Do  you  know  of  any  order  of  the  board  repre- 
senting the  Panama  Railroad  Company  transferring  its  property  to 
the  United  States? 

General  Davis.  No,  sir;  I  do  not  know  anything  about  it;  I  never 
sat  with  them  in  a  board  meeting  in  my  life. 
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Senator  Morgan.  You  were  not  a  member  of  the  board? 

General  Davis.  I  believe  I  was  elected  a  member  of  the  board  of 
directors  while  1  was  on  the  Isthmus,  but  I  never  met  with  my  co\- 
leagues  at  all.  I  remember  1  was  informed  that  one  share  of  stock 
was  put  in  my  name,  and  I  was  sent  a  check  for  $5  in  payment  of  a 
dividend  on  the  stock,  which  check  I  indorsed  over  to  the  Secretary 
of  War,  and  that  closed  the  incident  so  far  as  I  had  anything  to  do 
with  the  stock  of  the  Panama  Railroad  Company.  As  I  have  said,  I 
never  met  with  the  board  at  ail. 

Senator  Mor(;an.  But  you  met  with  the  Isthmian  Canal  Board. 

General  Davis.  With  tlie  Isthmian  Canal  Commission,  yes;  I  think 
they  had  eiorht\'-five  meetings,  and  I  think  I  was  present  at  seventeen 
of  them. 

Senator  Morgan.  Were  you  present  at  the  6rst  meetings? 

General  Davis.  Yes;  a  few  of  the  first,  and  then  three  or  four  or 
five  or  six  in  August. 

Senator  Morgan.  But  nearly  all  those  meetings  were  held  here  in 
Washington  ? 

(ireneral  Davis.  Yes. 

Senator  Morgan.  And  you  remained  in  charge  at  Panama  ? 

General  Davis.  I  was  at  Panama  for  a  3^ear,  except  in  the  middle  of 
the  summer  for  two  weeks,  when  I  was  in  the  United  States  on  a 
special  personal  errand. 

Senator  Morgan.  1  notice  that  on  the  20th  of  May,  1904— that  is, 
while  you  were  governor? 

General  Davis.  Yes;  I  was  on  the  Isthmus,  then. 

Senator  Morgan.  And  you  were  a  Commissioner,  then  i 

Geneml  Davis.   Yes,  sir. 

Senator  Morgan  (continuing).  The  following  letter  was  laid  before 
the  Commission: 

"  Washington,  D.  C,  May  20,  190J^. 
^' Rear- Admiral  John  G.  Walker, 

^'' Chain  nan  of  the  Isthmian  Canal  Commi^ion^ 

"  Washington,  D.  C. 

''Sir:  The  New  Panama  Canal  Company,  through  its  president,  and 
Mr.  Cromwell,  its  American  counsel,  has  notified  the  President  that  it 
is  desirous  of  taking  up  and  disposing  of  the  question  of  compensation 
claimed  by  the  New  Panama  Canal  Company  for  construction  upon 
the  new  Panama  Canal  during  the  negotiations  that  have  just  termi- 
nated in  a  transfer  of  that  property  to  the  United  States.  I  am  directed 
bv  the  President  to  notify  you  that  he  will  expect  the  Isthmian  Canal 
Commission  to  take  up  t&e  question  with  the  New  Panama  Canal  Com- 
pany with  the  view  of  determining  what  the  facts  are  in  relation  to 
this  claim,  to  the  end  that  if  possible  when  the  matter  ultimately  comes 
before  the  President  for  decision  it  will  involve  only  the  question  as 
to  whether  or  not  the  claim  is  wjjll  founded  and  he  has  authority  to 
pay  it. 

'•Yours,  respectfully, 

''P.  C.  Knox,  Atifmiey-Generair 

You  became  acquainted  with  that  demand  at  that  time? 

General  Davis.  I  was  not  present  then,  as  you  see.  I  was  on  the 
Isthmus;  but  copies  were  sent  to  me,  and  as  I  read  them  I  of  course 
became  familiar  with  what  had  tmnspired  in  the  Commission  as  recoi-ded. 
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Senator  Morgan.  Was  this  subject  ever  brought  to  the  attention  of 
the  O)mmission  while  you  were  present 'if 

General  Davis.  No,  sir;  never  at  any  board  meeting  at  which  I  was 
present.  I  have  heard  the  members  of  the  Comjnission  talk  about  it 
m  an  informal  way,  but  I  have  never  heard  it  discussed  formally  or 
officially  at  any  meeting  at  which  1  was  present. 

Senator  Morgan.  Was  not  the  date  of  the  taking  over  of  this  prop- 
erty in  Paris  the  16th  of  April,  1904? 

General  Davis.  I  think  that  was  the  date  when  the  title  papers  were 
passed;  but  the  instructions  sent  to  Lieutenant  Brooke  on  the  Isthmus 
were  not  until  later  than  that.  I  can  not  remember  now  exactly  the 
date,  but  they  were  later  than  that.  I  think  that  is  the  date  of  the 
actual  transfer  of  the  papers,  but  I  think  some  time  was  consumed  in' 
passing  them  through  their  various  stages. 

Senator  Morgan.  The  paper  I  have  just  read  to  you  is  dated  the 
20th  day  of  May. 

General  Davis.  Yes. 

Senator  Morgan.  I  find  on  page  60  of  the  proceedings  of  the  Isth- 
mian Canal  Commission,  from  March  to  September,  1904 — during  all 
of  which  time  you  were  a  (Commissioner,  were  you  not? 

General  Davis.  Yes,  sir. 

Senator  Morgan.,  I  find  the  following: 

"Department  or  Justice, 
"  Washin/fUm^  D.  C,  March  10^  1901^. 
*'Mr.  William  Nelson  Cromwell, 

^''General  Counsel^  Neio  Panama  Can<il  Company. 
"Sir:  I  have  received  your  letter  of  the  9th  instant  concerning 
work  done  on  the  Panama  Canal  since  execution  of  the  work  included 
in  the  Isthmian  Canal  Commission's  estimate  of  ^0,000,000  as  the 
value  of  the  Canal  Comjmny's  property.  The  President  directs  me  to 
say,  that  without  committing  himself  to  any  proposition  of  fact  or 
law  stated  in  your  letter,  he  is  willing  to  determine  what  amount,  if 
any,  the  compan}'  should  receive  on  account  of  such  work  in  addition 
to  the  price  of  $40,000,000  agreed  upon. 
''Respectfully, 

"P.  C.  Knox,  Attorney- General. 

''Signed  at  Paris,  France,  April  16,  1904,  by  W.  A.  Day,  assistant 
to  the  Attorney-General;  by  Charles  W.  Russell,  special  assistant 
Attornej^-General." 

That  letter  seems  to  have  been  withheld  from  deliverv  to  Mr.  Crom- 
well from  its  date,  the  10th  of  March,  1904,  until  April  16,  1904,  and 
antedates  the  letter  of  Mr.  Knox  that  I  have  just  previousiy  read  by 
one  month  and  four  days.  • 

On  that  date  the  minutes  of  the  Commission  show  that  Mr.  Crom- 
well made  the  following  statement: 

"  Gentlemen,  upon  the  statement  of  the  case,  which  I  have  read  for 
your  information,  I  recently  applied  to  the  PrCvsident  to  proceed  with 
the  arbitration,  and  he  divided  the  work  of  his  duties  into  branches. 
He  has,  as  I  understand  it,  referred  all  questions  of  fact  concerned  in 
the  claim  to  the  Commission  for  its  advice,  and  all  questions  of  law  to 
the  Attorney-General;  so  that  upon  the  Commission's  report  the  whole 
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matter  may  be  considered  and  determined  by  the  President,  with  the 
advice  of  the  Attorney-General. 

^^  Following  the  general  basis  of  the  claim,  which  is  embraced  in  the 
communications  which  I  have  read  to  you,  I  have  delivered  to  the 
Attorney -General,  for  the  President,  the  detailed  statement  of  claim, 
of  which  I  now  hand  you  a  copy  for  your  own  use.  You  will,  of  course, 
want  to  examine  this  statement  of  claim  more  in  detail;  but  I  will  now 
read  so  much  of  it  as  1  think  will  assist  you  at  this  session." 

And  then  he  goes  on  to  present  the  claim.  It  covers  several  pages, 
and  an  affidavit  is  made  to  the  claim  by  Mr.  Louis  Chorin,  who  was 
the  chief  engineer  of  the  new  Panama  Canal  Company. 

General  Davis.  He  was. 

Senator  Morgan.  Were  vou  ever  present  at  any  time  when  that 
claim  was  being  considered  by  the  Commission? 

General  Davis.  I  never  was. 

Senator  Morgan.  Did  you  ever  have  any  conversation  with  Mr. 
Cromwell  about  it?  * 

General  Davis.  Never;  not  a  word. 

Senator  Morgan.  Do  you  know  what  the  opinion  of  the  Commis- 
sion was  as  to  the  validity  of  the  claim?  It  seems  never  to  have  been 
taken  to  final  settlement. 

General  Davis.  I  have  been  told  by  members  of  the  Commission 
that  they  made  a  report,  that  they  sent  that  report  to  the  Secretary 
of  War,  in  which  they  expressed  the  opinion  that  there  was  no  basis 
whatever  for  the  claim,  but  I  never  saw  the  document  and  only  know 
of  that  from  verbal  statements  made  to  me. 

Senator  Morgan.  Do  you  know  whether  that  claim  is  being  pressed 
before  the  Department  now? 

General  Davis.  No;  I  do  not  know  officiall3^  I  have  no  official 
knowledge  on  the  subject,  although  I  have  heard  it  as  a  matter  of 
common  conversation  that  it  is  being  pressed. 

Senator  Morgan.  One  of  the  present  Commissioners  stated  the 
other  day  that  he  was  examined  about  it  in  the  Department  of  Justice. 

General  Davis.  I  had  heard  that  also. 

Senator  Morgan.  As  I  understand  this  claim,  it  dates  from  the  date 
of  the  first  proposition  of  the  Panama  Canal  Company  made  to 
Admiral  Walker  for  the  sale  of  the  property  of  the  Panama  Canal 
•Company,  including  its  shares  of  stock  and  all  the  property  on  the 
Isthmus. 

General  Davis'.  I  have  had  the  same  understanding,  although  I  do 
not  know.  1  have  not  read  with  any  great  care  the  presentation  there 
made  bv  Mr.  Cromwell  himself,  lliat  would  disclose  the  scope  of  it, 
I  think? 

Senator  Morgan.  I  want  to  ask  you  in  connection  with  that  claim, 
what  was  the  condition  of  the  work  on  the  Isthmus  in  regard  to  open- 
ing up  the  canal  and  completing  it  at  the  time  you  first  saw  it? 

General  Davis.  You  mean  the  extent  of  progress? 

Senator  Morgan.  Yes. 

General  Davis.  The  condition  as  regards  points  of  activity  ? 

Senator  Morgan.  Activity,  and  also  the  character  and  condition  of 
the  machinery,  and  anything  else  about  it. 

General  Davis.  To  answer  the  last  part  of  the  question  first,  1  should 
say  that  you  might  as  well  eliminate  the  machinery  as  having  any  par- 
ticular value.     There  was  some  value  i  n  the  stuff  that  was  under  stor- 
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age;  there  was  some  value  to  the  buildings  that  existed  on  the  Isthmus; 
there  was  some  little  value  in  some  of  the  machines;  we  got  some  use- 
ful work  out  of  some  of  the  machines;  but  taking  it  altogether,  1 
should  state  its  value  as  a  very  small  one. 

The  points  of  activity— there  was  only  one,  and  that  was  the  Culebra 
notch.  There  were  five  or  six  or  seven  hundred  men  at  work  there 
when  1  arrived  there.  When  1  first  visited  the  Isthmus  they  were 
using  one  of  the  old  French  excavators;  perhaps  two  of  them  were 
used  during  the  first  few  months.  They  were  dropped  out  pretty 
soon.  The  old  French  cars  were  being  used,  the  French  locomotives, 
Belgian  locomotives,  and  the  plant  in  use  consisted  entirely  of  the  old 
French  plant.    That  one  point  of  activity  was  the  onlv  one.    They  had 

fone  on  with  it  until  they  had  brought  the  bottom  of  the  Culebra  cut 
own  to  165,  as  I  remember,  or  maybe  to  155 — one  or  the  other — the^ 
were  taking  out  about  30,000  yards  a  month,  as  I  recollect;  maybe  it 
was  that  many  meters  a  month;  30,000  or  35,000  yards  a  month. 

The  records  show  that  they  had  not  very  long  before  had  an  output 
as  high  as  60,000  or  70,000  yards  a  month  with  a  larger  force  at  work. 
Two  years  before  that  they'had  had  1,500  to  2,000  men  at  work,  and 
the  work  included  a  point  of  activity  near  Empire  at  that  time,  but 
that  had  stopped  when  we  arrived,  and  there  was  only  one  place  where 
they  were  doing  any  work,  and  it  was  common  talk  all  over  the  Isth- 
mus that  work  was  being  done,  not  with  the  idea  that  it  counted  par- 
ticularly toward  the  final  result  of  a  canal,  but  that  it  kept  alive  the 
concession  which  they  had  received  from  the  Government  of  Colom- 
bia, and  if  work  whould  absolutely  stop  their  concessions  might  be 
forfeitable. 

The  machinerv  was  scattered  everywhere  along  the  line,  along  the 
side  tracks,  in  tte  jungle;  trees  had  grown  up  amongst  the  cars.  I 
think  there  were  3,500  dump  cars.  1  believe  there  were  60  engines 
of  all  kinds,  and  6.000  or  7,000  of  these  little  push  cars  made  of  metal, 
and  a  great  many  other  tools  and  machines. 

It  was  stated  that  this  whole  plant  had  a  book  value  of  $29,000,000, 
but  I  inquired  into  that  somewhat,  and  I  found  that  it  was  the  French 
practice  that  when  a  machine  arrived  on  the  Isthmus  from  abroad, 
where  it  was  bought,  they  always  wrote  up  30  per  cent  additional  of 
value  over  the  purchase  price  as  representing  its  value  on  the  Isthmus 
as  soon  as  it  got  there,  so  that  this  $30,0W,000,  in  round  numbers, 
includes  an  added  30  per  cent  that  was  simply  a  book-account  value. 
I  suppose  you  would  find  the  real  cost  of  that  machinery  by  deducting 
that  30  per  cent  from  the  $29,000,000. 

Senator  Morgan.  What  condition  was  the  railroad  tmck  in? 

General  Da  Vis.  Very  good;  very  good,  indeed. 

Senator  Morgan.  How  about  the  wharves? 

General  Davis.  The  wharves  were  in  a  very  satisfactory  condition; 
they  were  adequate  for  the  limited  business  they  were  doing.  They 
were  entirely  inadequate  for  the  enlarged  business  that  was  to  come. 
The  La  Boca  wharf  built  by  the  French  company  was  a  metal  affair 
on  concrete  foundations,  and  very  well  built,  but  a  very  inadeauately 
designed  structure.  It  was  very  long  and  very  narrow,  and  it  aid  not 
have  space  in  which  to  work  cargo  economically;  but  it  cost  J^2, 000,000 
to  the  ranama  Railroad  Company;  that  is  what  they  paid  for  it. 

Senator  Morgan.  That  wharf  extended  perpendicularly  to  the  coast 
out  into  the  bav  ? 
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General  Davis.  It  extended  pamllel  to  the  axis  of  the  canal,  2(X)feet 
away  from  the  center  axis  of  the  canal. 

Senator  Morgan.  Did  it  reach  out  into  the  sea? 

General  Davis.  No;  not  into  the  sea.  There  were  mud  flats  all 
around  it  at  low  water,  except  on  the  side  of  the  canal,  which  had 
been  excavated.  There  was  room  enough  for  three  of  the  San  Fran- 
cisco ships  to  lie  there,  the  ordinary  tyjpe  of  vessel  running  between 
Panama  and  San  Francisco;  three  of  them  could  tie  up  there  at  the 
same  time. 

Senator  Morgan.  The  channel,  then,  was  dredged  out? 

General  Davis.  Certainly,  they  came  up  to  this  wharf,  and  do  now, 
and  have  for  the  last  three  or  four  3'ears. 

Senator  Morgan.  That  channel  is  really  a  part  of  the  canal? 

General  Davis.  A  part  of  the  canal;  yes,  sir,  certainly. 

Senator  Dryden.   Is  that  the  only  wharf  at  Panama^ 

(xeneral  Davis.  The  onl}'^  one  used.  The  old  Panama  wharf  over 
on  the  other  side  of  the  city,  where  all  the  business  of  the  transit  was 
done  until  four  years  ago,  lies  to  the  east  of  the  city.  This  wharf  I 
speak  of  lies  to  the  west  of  the  city.  This  map  will  show  you  the 
situation.  Here  is  Panama  Harbor,  so  called,  and  that  is  the  old 
Panama  wharf,  and  the  Panama  Railroad  comes  down  here  [indicating 
on  map].  The  La  Boca  wharf  is  served  hy  this  branch  [indicating  on 
map],  and  that  is  what  I  insisted  on  taking  into  the  Zone,  and  not 
leaving  in  the  city  of  Panama. 

Senator  Morgan.  That  La  Boca  wharf  is  in  the  Zone? 

General  Davis.  Certainly,  it  is  now;  but  if  it  had  not  been  put 
there — well,  if  the  earlier  negotiations  had  not  resulted  as  they  did,  I 
doubt  very  much  if  you  would  not  have  had  a  good  deal  of  difficulty 
to-day  in  securing  an  agreement  like  that. 

Senator  Dryden.  Who  claimed  the  wharf,  the  city  of  Panama? 

Geneml  Davis.  Not  the  ownership,  but  the  jurisdiction.  The  own- 
ership was  in  the  United  States;  nobody  questions  the  ownership;  the 
ownership  was  in  the  Panama  Railroad,  and  the  United  States  owned 
the  stock. 

I  would  say  in  regard  to  this  zone  of  delimitation,  that  when  Secre- 
tary Taft  ma<de  his  modus  vivendi  with  the  Government  of  Panama, 
in  January,  1  think  it  was,  1905,  one  of  the  clauses  of  that  agreement 
specified  certain  acts  to  be  done  by  officers  of  the  United  States  in  pur- 
suance of  his  orders  that  should  not  be  done  unless  the  Government  of 
Panama  ratified — that  is,  the  representative  of  the  Government  of 
Panama  ratified — and  confirmed  the  provisional  delimitation  agreement 
that  General  Davis  had  entered  into  with  the  Government  of  Panama 
the  yearprevious,  and  that  the  line  of  delimitation  between  the  territory 
of  the  Zone  and  the  territory  of  the  Republic  of  Panama  should  be  a 
line  extending  from  Point  Mala,  on  the  shore  of  the  Bay,  over  to  the 
islands  named  Las  Tres  Hermanos,  out  to  the  3-mile  limit  in  the  har- 
bor, and  that  all  water  lying  to  the  west  of  that  line  should  be  in  the 
Zone,  and  all  lying  to  tlie  east  of  that  line  should  pertain  to  the  harbor 
of  the  city. of  Panama;  and  that  requirement  of  Secretary  Taft's  order 
has  been  observed  by  the  authorities  of  the  Republic  of  Panama. 

But  that  delimitation  agreement  has  not,  however,  yet  been  made 
the  subject  of  consideration  by  the  National  Assembly  of  Panama,  so 
that  it  would  be  possible  as  a  diplomatic  act  for  the  Republic  of 
Panama  to  disown  the  agreement  which  the  governor  of  the  Zone 
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entered  into  with  the  Secretary  of  State  in  1904.  It  would  be  a  very 
unfortunate  event  if  such  a  thing  as  that  were  to  occur,  I  think,  and 
1  know  of  no  intention  to  do  it.  I  know  of  no  purpose  to  endeavor 
to  upset  it;  I  have  never  heard  of  any. 

Senator  Morgan.  While  this  work  was  ^oing  on  at  the  notch  of 
Culebra,  what  was  becoming  of  the  prism  of  the  canal  that  had  before 
that  time  been  dug  out  by  the  French,  both  on  the  Panama  side  and 
the  other  side — was  it  filling  up? 

General  Davis.  Oh,  no;  it  was  there  as  before.  The  part  of  the 
canal  that  had  been  dredged  out  toward  Colon  had  filled  up  in  a  few 
places,  had  silted  up  at  a  few  places.  One  place  was  at  the  mouth  of 
the  Mindi,  where  the  silt  commg  in  from  the  Mindi  itself  has  blocked 
the  canal  prism,  but  generally  you  could  go  along  in  a  boat  where  it 
had  been  dredged. 

Senator  Morgan.  Dredged  down  originally  how  deep? 

General  Davis.  About  20  feet  or  22  feet,  I  think.  I  sounded  it  my- 
self in  one  or  two  places;  1  remember  I  found  20  feet  in  one  place. 

Senator  Morgan.  It  has  been  several  years  since  the  French  made 
any  attempt  to  keep  that  channel  open. 

General  Davis.  They  never  did  a  stroke  of  work  on  that  channel 
after  the  work  stopped  in  1889. 

Senator  Morgan.  I  refer  to  the  dredged  channel;  they  never  touched 
that  after  that^ 

General  Davis.  No,  sir;  not  on  either  side  in  the  marine  sections. 

Senator  Morgan.  Was  the  dredging  out  toward  La  Boca  all  filled  up  ? 

General  Davis.  Oh,  no;  it  is  there  yet.  You  can  sail  up  the  old 
excavated  channel  in  the  mangrove  swamps  there  in  the  Rio  Grande 
lowlands  in  a  small  boat  quite  a  distance.  1  have  been  up  as  far  as 
Miraflores,  not  all  the  way  in  the  excavated  channel,  but  a  part  of  the 
way  in  the  old  channel  of  the  river. 

Senator  Morgan.  That  has  tilled  up  considerably  since  it  was  first 
dredged  ? 

General  Davis.  Somewhat,  but  not  ver^  considerably;  I  think  not. 

Senator  Morgan.  What  flow  of  water  filled  it  up  J 

General  Davis.  Silt  that  would  be  brought  in  by  the  tide  and  silt 
that  would  come  down  from  the  headwaters  of  the  Rio  Grande  and  its 
tributaries;  that  would  be  the  material  that  would  choke  it  up. 

Senator  Morgan.  So  silt  did  come  in  with  the  tide? 

General  Davis.  Mostly  with  the  tide,  I  think.  1  think  most  of  that 
trouble  on  that  side  was  on  account  of  the  littoral  drift.  I  do  not 
think  that  the  silt  from  the  highlands  has  much  influence  in  blocking 
up  the  lower  Rio  Grande. 

Senator  Morgan.  When  the  tide  comes  out  to  its  lowest  stage  there 
is  quite  an  area  of  country  left  there? 

General  Davis.  Yes;  left  exposed. 

Senator  Morgan.  And  then  when  the  tide  comes  in 

General  Davis.  It  covers  it  again. 

Senator  Morgan.  And  washes  it  up  against  the  coast? 

General  Davis.  Just  simply  the  water  lies  over  it,  floods  back  over 
it,  just  as  it  does  on  the  tidal  marshes  in  Georgia  and  South  Carolina, 
the  same  way;  the  tide  floods  over  it  and  then  recedes  twice  a  day;  it 
comes  and  goes.  Of  course  it  is  salt  water,  so  there  is  no  grass  grow- 
ing in  it;  but  these  mangrove  bushes  are  growing  there.  They  are 
ENoic— 06 59 
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what  we  call  mangrove  in  the  United  States;  thej^  call  it  mangla  down 
there. 

Senator  Morgan.  When  you  took  command  of  the  Zone  you  found 
600  or  700  negroes  there  that  had  been  formerly  working  under  the 
French,  did  you  not? 

General  Davis.  Yes. 

Senator  Morgan.  And  Major  Black  was  in  charge  of  them? 

General  Davis.  Yes;  Major  Black  had  charge  of  the  work. 

Senator  Morgax.  You  continued  those  men  at  the  work  ? 

General  Davis.  I  continued  them  straight  on,  and  when  Mr.  Wal- 
lace came  in  July  he  continued  them  and  added  more  to  the  force. 

Senator  Morgan.  Did  he  add  considerabl}'  to  the  force? 

General  Davis.  Very  much;  verv  much.  I  think  he  worked  up  the 
force  from  700  to  7,000  or  8,000.  1  do  not  mean  to  sa\'  at  Culebra, 
no;  he  enlarged  that  force  from  700  to  I  think  1,500  or  1,800 

Senator  Morgan.  The  whole  force  that  he  brought  in 

General  Davis.  The  whole  force  that  Mr.  Wallace  had  there  at  the 
time  I  left — I  don't  know  of  course  what  it  was  after  that — was  about 
9,000,  1  think.     That  included  sanitary  and  canal  and  everything  else. 

Senator  Hopkins.  Right  there  1  would  like  to  ask  a  question,  if  you 
will  permit  me.     In  your  judgment,  was  all  that  work  well  directed^ 

General  Davis.  Well,  the  sanitary  work  was  absolutely  indispensable, 
and  there  wasn't  enough  done,  either.  If  there  was  any  error  made 
during  that  period  it  was  in  not  spending  more  effort  on  the  sanitary 
work;  The  work  that  was  done  in  repairing  houses  and  in  construct- 
ing houses,  in  making  sidings,  and  arranging  for  future  work  was  all 
very  valuable  and  of  the  most  useful  character. 

Senator  Hopkins.  Then  you  do  not  think  that  there  was  any  squan- 
dering of  mone}^  there? 

General  Davis.  I  don't  think  there  was  a  dollar  squandered;  no. 
The  work  Mr.  Wallace  did  at  Culebra,  I  think,  was  work  of  the  utmost 
value,  because  it  revealed  to  him  and  to  others,  in  their  judgment,  cer- 
tain ideas  as  to  what  economies  were  possible;  it  was  valuable  to  the 
critics  of  Mr.  Wallace  in  showing  where  Mr.  Wallace  was  mistaken. 
So  it  was  valuable  either  way  you  put  it.  He  alleged  certain  things 
respecting  economy  in  which  others  did  not  agree  with  him,  but  the 
very  fact  that  he  had  done  £his  work  at  certain  prices  was  an  addition 
to  tnowledge  which  was  valuable.   I  think  there  was  no  money  wasted. 

Senator  Morgan.  How  long  was  it  after  you  were  on  the  Isthmus 
as  governor  that  this  acquisition  of  labor  began? 

General  Davis.  It  began  almost  immediately,  very  soon  after — it 
began  even  with  our  going  there,  because  all  the  W  est  India  world 
knew  what  had  happened  at  Panama,  and  they  had  been  waiting  for 
the  happening  for  vears  and  yeai*s.  There  had  been  a  former  period 
of  luxury  and  wealth  "'time  of  the  empire,"  as  they  called  it,  when 
money  flowed  like  water,  and  they  wanted  to  see  it  again,  and  they 
had  been  waiting  for  it  from  1899  way  down  to  1904,  and  then  they 
heard  the  United  States  had  taken  holi  and  then  the  tide  began  to  set 
toward  Panama  again. 

Senator  Morgan.  And  the  conditions  in  Panama  were  not  requisite 
to  their  comfort  or  their  entertainment  or  their  health? 

General  Davis.  Oh,  no;  there  was  not  adequate  accommodations  for 
a  very  large  influx,  and  it  bothered  us  at  times  to  take  care  of  the  men 
that  we  brought  down  there  ourselves.     It  troubled  us  at  sometimes 
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to  take  care  of  them  in  a  proper  way — that  is,  so  you  could  offer  a 
man  a  house  that  was  fit  to  live  in.  It  was  a  very  perplexing  question 
to  do  that  sometimes,  but  generally  we  made  out  to  do  it. 

Senator  Morgan.  The  question  of  supplies  was  a  difficult  one,  also? 

General  Davis.  Yes,  sir;  the  question  of  supplies  was  difficult.  We 
could  purchase  on  the  Isthmus  whatever  was  available  there  and  what- 
ever we  required,  whatever  was  indispensable,  if  it  was  procurable 
there,  we  bought  it.  We  bought  many  articles  that  were  renuired  by 
the  sanitary  department,  and  we  purchased  some  things  that  were 
needed  by  the  construction  department.  We  bought  quite  a  quantity 
of  lumber  that  was  brought  down  there  by  merchants  on  speculation, 
loaded  at  Gulf  ports.  We  bought  several  small  cargoes  of  lumber  to 
use  in  constructing  houses,  lumber  which  had  been  sent  there  not  for 
Government  use  at  all,  but  had  been  sent  there  to  be  used  in  con- 
structing private  buildings,  but  as  the  lumber  was  for  sale  we  pur- 
chased it.  We  purchasedsome  little  cement,  some  bricks,  some  lime, 
some  hardware,  some  dru^,  and  various  things  of  that  kind.  Other 
things  that  were  not  obtainable  on  the  Isthmus  we  made  requisition 
and  sent  for  to  the  Commission  in  Washington. 

Senator  Morgan.  You  had  a  large,  rapidly  increasing  influx  of  peo- 
ple there  that  you  were  compellea  to  organize  and  provide  for  with 
shelter  and  food  ? 

General  Davis.  Yes,  sir. 

Senator  Morgan.  And  to  arrange  them  in  such  gangs  as  that  you 
could  use  them  for  the  purposes  of  preparation. 

General  Davis.  Yes,  sir. 

Senator  Morgan.  When  you  got  there,  and  for  quite  a  long  time  or 
a  considerable  time,  I  suppose,  after  you  got  there,  the  work  on  the 
digging  of  the  canal  was  not  in  a  state  of  preparation  to  be  advanced 
successfully  or  economically^ 

General  Davis.  No;  it  was  not,  for  we  did  not  have  the  proper 
appliances  for  rapidly  pushing  the  work.  Our  tools  and  apparatus 
were  antiquated. 

Senator  Morgan.  You  did  all  that  could  be  done  with  the  forces 
you  had  and  with  the  machinery  you  were  supplied  with? 

General  Davis.  Yes. 

Senator  Dryden.  Did  these  laborers  who  came  in  to  the  Isthmus 
come  voluntarily? 

General  Davis.  Yes,  sir;  of  their  own  accord. 

Senator  Dryden.  Thev  were  not  brought  there  at  the  expense  of 
the  Government? 

General  Davis.  Some  of  them  have  been  brought  there  at  the 
expense  of  the  Government  since;  yes. 

feenator  Dryden.  Not  the  earlier  ones? 

General  Davis.  No;  we  didn't  establish  any  agencies  for  the  hiring 
of  labor  in  the  West  India  Islands  until  several  months  after  we  arrived 
there. 

Senator  Morgan.  It  appears  to  be  difficult  to  get  labor  to  go  there 
now.     Do  you  know  the  reason  for  the  difficulty? 

General  Davis.  You  mean  mechanical  labor? 

Senator  Morgan.  I  mean  labor  of  the  kind  that  is  used  there  in  dig- 
ging the  canal. 

General  Davis.  I  think  not,  sir;  I  think  there  is  an  abundance 
there,  I  think  it  is  flocking  there;  it  is  coming  from  Martinique  and 
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Jamaica;  they  are  flocking  in  there  all  the  time,  and  I  think  there  is  a 
surplus  there  now. 

Senator  Dryden.  They  do  not  want  to  work  more  than  three  or  four 
days  in  the  week  i 

General  Davis.  They  will  only  work  when  they  are  hungry.  If 
they  have  money  enough  to  feed  themselves  they  will  remain  idle  until 
the  money  is  gone  ana  then  they  will  turn  to  work  again.  There  is 
not  such  a  thing  in  that  country  as  laying  up  anything;  they  have  no 
idea  of  anything  like  a  savings  bank. 

Senator  Morgan.  Taking  the  general  condition  of  the  country 
between  the  Bay  of  Limon  and  the  Bay  of  Panama,  state  whether  or 
not  it  had  grown  up  with  this  rapid  tropical  growth,  and  whether  the 
buildings  and  the  roads,  or  whatever  they  had  there,  were  in  a  forlorn 
sort  of  a  condition. 

General  Davis.  Yes;  the  place  was  grown  up  very  largely  to  a  jungle. 
When  I  say  a  jungle  1  mean  low  bushes,  2  or  3  or  4  or  5  feet,  running  up 
to  10  or  12  to  25  feet  high.  Senator  Kittredge  and  Senator  Millard 
have  seen  the  character  of  the  vegetiition.  Vines  and  creeping  plants, 
tangling  around  and  about  and  in  and  on  everything,  conceal  and  cover 
up  the  surface  6i  the  earth  very  quickly.  Almost  all  the  trees  and  some 
larger  shrubs  are  covered  with  creeping  plants — not  insects,  but  plant«i — 
climbing  plants,  twining  around  and  winding  about,  shrouds  of  vege- 
tation, hanging  down  from  growing  trees  that  have  not  anything  to  do 
with  tne  tree  except  as  a  parasite.  That  is  the  character  of  all  tropical 
vegetation,  the  same  as  in  other  tropical  countries  I  have  been  in. 

Senator  Morgan.  You  had  to  clear  that  out  before  you  could  get  a 
foothold? 

General  Davis.  Yes;  but  the  Panama  Railroad  was  open  all  the  way, 
and  there  were  villages  all  along,  and  from  each  village  it  was  ea.sy  to 
get  here  and  there  and  on  and  about.  There  were  bridle  paths  and 
trails  from  village  to  village,  more  or  less;  not  roads,  but  paths  suflScing 
for  the  uses  of  the  natives;  not  verj^  luxurious.  They  were  not  auto- 
mobile roads. 

The  Chairman.  Those  bridle  paths  you  speak  of  were  along  the 
right  of  way  of  the  Panama  Railroad. 

General  Davis.  Yes.  From  Empire  there  was  quite  a  lot  of  travel 
directly  to  the  west,  away  from  the  railroad,  over  to  a  town  called 
Cocoli,  which  is  in  the  Republic  back  from  the  railroad. 

Senator  Morgan.  Were  the  men  under  your  appointment  and  con- 
trol there,  as  a  rule,  industrious  and  dutiful? 

General  Davis.  Well,  industry  in  the  true  sense— that  is,  I  mean 
thrift  in  the  true  sense — does  not  exist  on  the  Isthmus.  There  is  noth- 
ing that  I  have  seen  that  answers  that  description. 

Senator  Morgan.  You  mean  among  the  laboring  classes? 

General  Davis.  Yes;  what  we  call  thrift.  There  are  four  or  five  or 
six  hundred  Chinamen  on  the  Isthmus,  and  they  are  thrifty,  they  save 
every  cent  they  make,  they  never  spend  a  pennj^  that  they  can  avoid, 
and  it  all  goes  back  to  China  in  the  end. 

Senator  Morgan.  Do  they  live  in  the  Zone? 

General  Davis.  Some  of  them  do.  The  Chinamen  are  the  only 
gardeners  that  we  have,  they  make  all  the  gardens  we  have,  and  that  is 
the  only  chance  we  have  to  get  any  fresh  vegetables.  The  natives  do 
not  grow  anything. 
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Senator  Morgan.  What  is  the  nature  of  the  hygienic  work  that  has 
been  done  there? 

General  Davis.  Cleaning  iungle,  making  ditches,  miles  and  mile 
and  hundreds  of  miles  of  shallow  ditohes,  so  as  to  drain  pools  and  stag- 
nant places;  cutting  away  the  vegetation  so  as  to  exclude  the  insects 
which,  according  to  modern  sanitary  science,  are  the  cause  of  a  good 
many  of  our  tropical  diseases. 

Senator  Morgan.  Your  task  was  a  very  heavy  one? 

General  Davis.  Well,  it  was  a  large  one,  and  no  man  can  work  more 
than  a  certain  number  of  hours  a  day,  so  that  he  found  enough  to  do 
during  his  daj^  and  then  he  was  ready  to  rest  and  sleep. 

Senator  Morgan.  Did  you  find  any  material  on  the  Isthmus  when 
you  took  charge  there  of  proper  character  to  repair  the  houses  that 
were  rotted  down? 

General  Davis.  No. 

Senator  Morgan.  You  had  to  import  it? 

General  Davis.  All  lumber  has  to  come  from  outside.  There  is  no 
lumber  produced  on  the  Isthmus  available  for  temporary  houses. 
There  is  a  little  mahogany  shipped  out  of  the  remote  points  on  the 
Isthmus,  but  that  is  far  too  valuable  a  wood  to  use  in  the  structure  of 
houses. 

Senator  Morgan.  The  process  of  getting  lumber  there  to  make 
repairs  must  have  been  a  slow  one  ? 

General  Davis.  Pretty  slow.  We  had  to  send  it  from  the  United 
States,  from  Gulf  ports,  and  from  the  Puget  Sound  country. 

Senator  Morgan.  It  took  you  quite  a  vmile,  1  suppose,  to  assemble 
enough  material  there  to  make  much  of  an  impression  upon  those 
houses? 

General  Davis.  Yes;  quite  a  while. 

Senator  Morgan.  And  in  addition  to  repairing  houses  I  understand 
you  burned  up  a  good  deal 

General  Davis.  We  burned  up  the  refuse  that  came  out  of  the  houses 
that  were  partly  in  ruins;  we  burned  up  some  refuse. 

Senator  Morgan.  You  burned  up  some  houses? 

General  Davis.  I  did  not.  Maybe  that  has  been  done  since;  I  don't 
know  about  that. 

Senator  Morgan.  In  making  all  this  preparation,  this  cleaning  up, 
you  had  to  take  things  from  the  stump,  as  we  say? 

General  Davis.   Yes. 

Senator  Morgan.  There  was  nothing  provided? 

General  Davis.  No. 

Senator  Morgan.  The  French  left  nothing  there  that  was  of  any 
material  value? 

General  Davis.  They  left  a  good  deal  of  hardware;  they  left  a  good 
many  kinds  of  ironmongery — I  mean  in  stock,  bar  iron,  bar  steel,  copper, 
pig  lead,  Babbit  metal,  spelter,  zinc,  galvanized  iron,  many  kinds  of 
tools,  hydraulic  lifting  devices,  steam  engines,  small  donkey  eng  nes, 
pumps— and  a  great  deal  of  that  material  came  over  to  us  and  saved  u 
quite  a  good  deal  in  the  wa\'  of  preparation  when  we  had  that  to  fall 
back  on. 

Senator  Morgan.  Have  you  instituted  machine  shops  there? 

Geneml  Davis.  Yes;  we  took  those  French  shops.  There  were  in 
all  five  French  shops  on  the  Isthmus.  We  put  every  one  of  them  into 
use.     We  overhauled  the  machines;  we  repaired  some,  disused  others, 
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enlarged  several.  There  were  two  brass  foundries,  two  cupolas  for 
making  small  castings;  there  w^ere  planers  and  drill  presses  and  lathes 
and  muling  machines^  and  all  those  usual  machines  that  vou  find  in 
machine  shops.  They  were  there  ready  to  put  on  a  belt  and  start  them 
right  off,  some  of  them,  and  some  others  had  to  be  overhauled  and 
leveled  and  lined  up. 

Senator  Morgan.  You  got  3'our  fuel  there — coal,  1  suppose — from 
the  Panama  Railroad? 

General  Davis.  We  got  it  from  the  Panama  Railroad.  They  were 
importing  all  the  time,  and  we  got  ours  from  them. 

Senator  Morgan.  And  you  made  j'our  purchases  from  the  Panama 
Railroad  of  fuel  ? 

General  Davis.  Yes;  they  sold  it  to  us. 

Senator  Morgan.  And  thev  furnished  you  chiefly,  if  not  entirely, 
the  transportation  with  which  3'ou  had  to  provide  yourselves  for  all 
these  necessaries? 

General  Davis.  They  furnished  and  have  since  furnished  all  the 
through  transportation  over  the  Panama  Railroad,  but  the  transporta- 
tion for  hauling  earth  out  of  these  working  places  has  never  been 
done  b}^  the  Panama  Railroad.  Recently  it  has  been  necessary 
to  use  the  tracks  of  the  Panama  Railroadto  some  extent.  That  is 
done  under  the  general  trackage  arrangement;  but  the  dump  trains, 
the  trains  hauling  earth  and  rock,  are  tmins  made  up  exclusively  of 
rolling  stock  that-  has  no  connection  with  the  Panama  Railroad,  and 
that  operates  on  tracks  that  are  not  in  any  way  under  the  control  of 
the  Panama  Railroad  Company. 

Senator  Morgan.  During  all  the  time  of  your  administration  there 
I  suppose,  from  evidence  that  has  been  presented  here,  the  Panama 
Railroad  was  considered  as  a  separate  and  independent  corporation  ? 

General  Davis.  Yes,  sir. 

Senator  Morgan.  You  had  to  make  deals  with  them,  traffic  deals  and 
everything  of  the  sort? 

General  Davis.  Yes,  sir. 

Senator  Morgan.  And  these  tracks  upon  which  you  haul  earth  out 
of  the  diggings  were  made  by  the  Isthmian  Canal  Company  ? 

General  Davis.  By  the  Commission. 

Senator  Morgan.  And  3'ou  made  your  arrangements  for  mileage,  I 
suppose? 

General  Davis.  Yes,  sir. 

Senator  Morgan.  Upon  the  Panama  Railroad  ? 

General  Davis.  Yes,  sir;  most  of  that  work  was  handled,  I  think, 
by  the  chief  engineer  and  his  chief  of  department  of  material  and 
supplies;  I  think  he  was  the  one  that  handled  the  negotiation.  I  had 
no  personal  dealings  with  respect  to  those  negotiations  with  the  rail- 
road, but  it  was  managed  b}^  men  bj'  whom  its  performance  was 
appropriate. 

Senator  Morgan.  The  meetings  of  the  board  of  directors  of  the 
Panama  Railroad  Company  were  all  held  in  New  York,  were  they 
not? 

General  Davis.  1  think  all  of  them.  I  think  they  always  have  been. 
Although  I  am  not  exactly  sure  about  that,  that  is  my  understanding. 
I  tried  to  induce  the  Commission  to  have  some  meetings  of  the  board 
of  directors  of  the  Panama  Railroad  Company  on  the  Isthmus,  butmy 
colleagues  did  not  agree  with  me  about  it. 
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Senator  Morgan.  Taking  everj^thing  together,  I  suppose  the  Pan- 
ama Railroad  was  about  the  most  important  active  factor  in  the 
doing  of  the  work  of  the  canal,  or  the  most  indispensable? 

General  Davis.  Oh,  5^es,  quite  so;  it  is  indispensable  to  carrying  on 
the  canal  work. 

Senator  Morgan.  So  that  the  control  of  that  railroad  company  had 
a  very  important  influence  on  the  work? 

General  Davis.  It  is  bound  to  have,  and  always  will  have  while  the 
work  lasts. 

Senator  Morgan.   While  you  were  there  was  there  any  jam 

General  Davis.  Congestion  of  freight? 

Senator  Morgan.  Congestion  of  freight,  yes. 

General  Davis.  Nothing  very  serious  during  my  time,  but  just  after 
I  left,  just  about  the  time  I  was  leaving,  and  just  after  I  left,  there 
was  a  very  large  accumulation  of  tools  and  machinery  and  lumber  sent 
down  from  the  United  States  to  the  Isthmus  for  canal  purposes,  and 
the  wharf  accommodations  had  not  vet  been  enlarged,  so  that  it  could 
be  conveniently  handled,  and  just  during  the  latter  part  of  m}^  stay 
there  this  freight  congestion  began. 

The  Panama  Railroad  Company  didn't  have  adequate  rolling  stock 
to  handle  the  freight,  to  handle  this  very  largely  increased  quantity  of 
freight,  they  did  not  have  wharf  room  to  take  this  rolling  stock, 
their  engines  were  not  of  suflScient  power  to  handle  the  heavy  trains, 
their  sidings  were  not  long  enough  so  that  they  could  shunt  as  many 
cars  as  might  be  necessary,  the  terminal  facilities  were  not  adequate 
for  this  very  large  increase  of  the  arrival  of  commodities,  and  this 
congestion  had  begun  when  I  left  there. 

Senator  Morgan.  Was  that  congestion  due  in  any  part,  and  if  so  to 
what  probable  extent,  to  any  increase  of  the  commerce  across  the 
Isthmus? 

General  Davis.  I  do  not  think  that  very  much  of  it  related  to 
increased  commerce  across  the  Isthmus,  but  the  congestion  was  brought 
about  by  the  fact  that  the  Government  wa^  becoming  a  very  large 
customer  of  the  Panama  Railroad,  and  its  f  aci  lities  were  not  sufficient 

Senator  Morgan.  Brought  about  by  the  demand  of  the  Government 
for  material 

General  Davis.  Yes;  I  think  that  even  during  my  time  it  had  hap- 
pened that  a  train  of  cars  would  be  loaded  up  and  goods  consigned  to 
some  point  at  whicii  there  were  not  facilities  to  receive  them,  and  that 
that  train  of  cars  would  stay  three  weeks  loaded  on  the  tracks  before 
it  was  finally  unloaded.  I  have  been  told  this  by  persons  connected 
with  the  train  service,  the  difficulty  being  to  find  a  place  to  store  the 
stuff  when  it  should  be  unloaded,  or  let  it  be  thrown  out  into  the  open 
air,  so  that  the  most  valuable  agency  for  moving  this  freight  was 
simply  used  as  a  storehouse — these  box  cars.  Of  course  that  did  not 
worK  advantageously,  but  that  was  very  soon  cured. 

Mr.  Shonts  got  experienced  railroad  men  and  put  them  in  charge  of 
the  train  service,  transportation  men,  who  were  thoroughly  up  in  all 
those  matters,  and  while  the  congestion  has  continued  off  and  on  since, 
from  various  causes,  as  I  read  in  the  newspapers,  yet  I  think  that  the 
steps  taken  to  relieve  the  congestion  are  the  oest  that  could  be  taken. 
So  far  as  I  know,  they  are.  I  understand  that  the  coffee  crop  this  year 
is  a  ver}'  large  one,  and  that  it  is  even  now  considerable  trouble  to 
transfer  that  coffee  as  rapidly  as  it  arrives  on  the  Pacific  side.     Most  of 
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it  is  going  to  Hamburg  and  Havre  or  London.  It  goes  out  bj-  those 
foreign  steamers. 

Senator  Hopkins.  From  what  countries? 

General  Davis.  Guatemala,  Salvador,  and  Costa  Rica. 

Senator  Morgan.  1  suppose  the  chief  of  the  sanitary  corps  is  Doctor 
Gorgasf 

General  Davis.  Yes;  an  excellent  man. 

Senator  Morgan.  His  undertaking  was  a  very  heavy  one  ? 

General  Davis.  Yes. 

Senator  Morgan.  To  get  hospitals  there,  and  so  on  ? 

General  Davis.  Yes;  it  was. 

Senator  Morgan.  Was  disease  prevalent  when  you  were  there? 

General  Davis.  Not  especially  so  when  we  arrived  there.  I  believe 
we  found  out  afterwards  that  tliere  was  one  case  of  yellow  fever  when 
we  arrived;  but  we  did  not  find  it  out  until  several  months  afterwards. 
I  tKink  the  first  case  of  yellow  fever  occurred  early  in  July. 

Senator  Morgan.  I  understand  yellow  fever  is  not  the  greatest 
enemy  there. 

General  Davis.  No;  malaria  is  the  troublesome  disease,  and  tuber- 
culosis kills  more  people  than  any  other  disease. 

Senator  Morgan.  I  suppose  from  exposure  to  the  weather? 

General  Davis.  Yes;  and  inadequate  nutrition  and  a  bad  scale  of 
living.  Tuberculosis  does  more  harm  in  the  Tropics  than  any  other 
disease,  according  to  my  observation. 

Senator  Morgan.  And  next  to  that  comes  malaria? 

General  Davis.  Next  to  that  comes  malaria.  In  the  Philippines 
they  have  dj'^sentery,  but  in  Panama  there  is  no  dysentery  at  all, 
strange  as  it  may  seem. 

Senator  Morgan.  None  at  all;  no  d3'sent«ry  ? 

General  Davis.  Hardly  any  dysenter}'  on  the  Isthmus,  while  in  the 
Philippines  it  is  very  prevalent.  It  causes  a  great  deal  of  Invaliding 
home  of  our  soldiery. 

Senator  Morgan.  And  no  vellow  fever  in  the  Philippines? 

General  Davis.  None  at  all;  never  a  case. 

Senator  Morgan.  And  none  in  Hawaii? 

General  Davis.  No. 

Senator  Morgan.  And  none  in  Nicamgua? 

General  Davis.  None  in  Nicaragua.  I  think  they  have  had  plenty 
of  yellow  fever  at  Grey  town  in  times  past,  in  former  years. 

Senator  Morgan.  We  have  had  testimony  here  that  there  were  no 
cases  at  Greytown  except  those  imported  there  for  sanitation. 

General  Davis.  There  is  more  or  less  3' ellow  fever  up  and  down  the 
Central  American  coast.  1  don't  think  any  certain  place  on  that  coast 
can  be  counted  on  as  entirelv  free  from  yellow  fever,  provided  non- 
immune people  are  there.  T^he  natives  are  generally  immune;  but  if 
there  are  a  lot  of  nonimmunes  there  you  may  be  sure  that  j^ou  will 
find  yellow  fever  if  it  is  in  the  country. 

Senator  Ankeny.  Is  it  true.  General,  that  you  have  double  tracked 
that  road  ? 

General  Davis.  I  have  heard  by  reading  what  others  have  said  that 
it  has  been  double  tracked  through  about  two-thirds  of  its  length,  and 
I  think  that  is  about  all  they  intend  to  double  track  at  present.  I 
only  know  that  by  reading,  however.  When  I  left  there  in  May, 
1905,  they  were  then  double  tracking  the  road — had  begun  the  work. 
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When  I  was  there  in  September  la^t  year  the}^  had  double  tracked 
considerable  stretches  of  it,  but  1  am  told  now  that  double  tracking 
has  gone  on  until  they  have  got  about  one-half,  quite  one-half,  of  it 
double  tracked. 

Senator  Morgan.  General,  during  the  time  j^ou  were  governor  of 
the  Isthmus  and  one  of  the  Commissioners,  which  was  about  a  year, 
was  it 

General  Davis.  About  a  year,  yes. 

Senator  Morgan.  What  part  of  your  time  were  you  absent  from 
the  Isthmus? 

General  Davis.  I  was  in  the  United  States  two  weeks  in  August,  1904. 

Senator  Morgan.  That  was  on  account  of  family  bereavement? 

(leneral  Davis.  It  was  on  account  of  such  an  occurrence  as  you  say. 

Senator  Morgan.  You  remained  on  the  Isthmus  at  work  during  all 
the  balance  of  the  time  ? 

General  Davis.  Yes,  ^ir. 

Senator  Morgan.  Were  the  Commissioners  there  with  you? 

General  Davis.  They  were  there,  five  members  of  the  Commission, 
five  of  my  colleagues  were  there  from  the  30th  of  July,  1904,  until  the 
6th  of  September  of  the  same  year. 

Senator  Morgan.  They  were  there  continuously? 

General  Davis.  Yes,  sir;  and  two  other  members  of  the  Commission 
came  down  again  in  February — members  of  what  we  called  the  engi- 
neering committee  of  the  old  Isthmian  Canal  Commission.  I  refer  to 
Messrs.  Burr  and  Parsons.  They  remained  on  the  Isthnms,  as  near  as 
I  can  now  recollect,  about  two  weeks.  Mr.  Heckcr  went  down  one 
week  later  than  I  did.  He  was  a  member  of  the  Commission.  He 
remained  with  me  there  until  the  Commission  arrived,  and  then  he 
eturned  to  the  United  States  with  it,  and  shortly  afterwards  sent  inr 
his  resignation. 

Senator  Morgan.  The  minutes  of  this  Commission,  as  recorded  here 
and  reported  to  the  President  and  by  him  to  Congress,  show  a  large 
number  of  meetings.     Do  you  recollect  the  number? 

General  Davis.  I  have  an  impression  that  it  is  eighty-five,  but  I  can 
not  say  exactly.     You  can  see  in  a  moment  by  looking. 

Senator  Morgan.  Yes;  I  can  get  the  number.  Thej^  appear  to  have 
been  on  nearh^  consecutive  days. 

General  Davis.  Almost;  sonietimes  day  after  day,  right  along. 

Senator  Morgan.  While  the  Commissioners  were  there,  I  take  it 
from  the  character  of  their  proceedings  and  work,  they  were  very  con- 
tinuously employed. 

General  Davis.  I  think  so.  They  were  industrious.  So  far  as  I 
know,  when  they  were  on  the  Isthmus,  they  met  every  day,  and  on 
one  or  two  occasions  thev  met  at  night  in  my  quarters. 

Senator  Morgan.  And  you  had  to  consult  about  the  development 
of  a  new  situation  there  in  every  respect? 

General  Davis.  In  everv  respect:  yes,  sir. 

Senator  Morgan.  Physfcally  and  in  a  governmental  sense? 

CJeneral  Davis.  Yes. ' 

Senator  Morgan.  And  for  the  preservation  of  the  health? 

General  Davis.  Yes. 

Senator  Morgan.  And  for  your  connection  with  outside  communi- 
cation for  getting  materials,  etc.  ? 

General  Davis.  Exactlv. 
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Senator  Morgan.  Acquiring  labor,  and  all  that? 

General  Davis.  Yes,  sir.    * 

Senator  Morgan.  That  was  a  task  that  occupied  the  Commissioners 
individually  and  collectively,  you  may  say,  continually? 

General  Davis.  Oh,  yes;  I  think  they  were  very  industriously 
emploved  in  all  those  matters.  I  judged  so  from  reading  their  minute^^, 
ana  I  know  what  occurred  when  1  had  the  good  fortune  to  be  present. 

Senator  Morgan.  Was  there,  within  your  knowledge,  any  delin- 
quency on  the  part  of  any  Commissioner  during  that  period  of  time? 

General  Davis.  I  do  not  think  so. 

Senator  Morgan.  In  the  performance  of  his  duties? 

General  Davis.  I  do  not  tnink  so,  sir;  but  it  is  the  superior  oflScer 
who  ought  to  judge  of  those  things. 

Senator  Morgan.  He  has  a  right  to  judge,  but  he  ought  to  judge 
justly. 

General^  Davis.  I  thought  the}"  were  industrious  and  attenti  e  to 
their  duties.     I  felt  so. 

Senator  Morgan.  Can  3'ou  account  for  this  statement  in  an  order 
of  the  President,  addressed  to  the  Secretary  of  War,  dated  '*  White 
House,  Washington,  D.  C,  April  1,  1906:" 

"The  practical  result  of  the  operations  of  the  Isthmian  Canal  Com- 
mission appointed  and  acting  under  previous  Executive  orders  has  not 
been  satisfactory  and  requires  a  change  in  the  personnel  of  the  Com- 
mission and  in  the  instructions  for  its  guidance.^' 

Are  you  aware  of  any  fact  which  required  a  change  in  the  person- 
nel of  the  Commission? 

Senator  Hopkins.  One  moment.  Senator.  That  question,  it  seems 
to  me,  ought  npt  to  be  asked  of  this  man.  He  has  admitted  that  the 
committee  were  up  here  while  he  was  down  there.  What  led  the 
President  to  indite  that  letter  may  have  been  things  that  occurred  up 
here,  a  thousand  or  2,0<J0  miles  away  from  this  man. 

Senator  Morgan.  He  has  stated  that  the  Commission  were  there 
about  eightj^  d&ys  in  session. 

Senator  Hopkins.  That  is  only  a  small  part  of  the  period  that  he 
was  a  member  of  the  Commission,  and  it  seems  to  me  tnat  that  ques- 
tion does  an  injustice  to  the  General. 

General  Davis.  I  could  not  answer  that  Question  without  comment- 
ing upon  the  action  of  the  President  of  the  United  States,  and  I  should 
thmk  that  I  ought  not  to  do  that. 

Senator  Hopkins.  Yes;  and  you  have  not  sufficient  information. 

General  Davis.  I  have  not  information,  either. 

Senator  Morgan.  Did  you,  while  you  were  there,  discover  any 
delinquency  or  any  want  of  attention  to  dutj'  on  the  part  of  any  of 
3'our  colleagues  i 

General  Davis.  No  delinquency:  no,  sir.  I  urged  my  colleagues  to 
appoint  an  executive  committee  to  snare  this  responsibility  on  the 
Isthmus.  1  urged  them  in  an  official  way;  I  oflFered  a  resolution  at  a 
meeting  of  the  Commission  for  the  appointment  of  an  executive  com- 
mittee of  three  members  who  should  permanently  stay  on  the  Isthmus 
and  be  associated  with  me  in  the  administration  of  the  duties  which 
were  devolved  there.  I  do  not  mean  that  they  should  be  associated 
with  me  in  the  duty  as  chief  executive,  but  as  a  working  body  of  the 
Commission,  an  executive  committee. 
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My  collea^es  did  not  agree  with  me  on  that  proposition.  I  think 
that 'was  a  mistake.  I  do  not  call  that  a  delinquency;  it  was  simply  a 
difference  of  opinion.  I  think  it  would  have  been  better  if  the}^  had 
sent  an  executive  committee  there  of  their  own  number  with  power  to 
act.  But  it  is  only  an  opinion,  and  their  opinion  is  as  good  as  mine. 
They  did  not  agree  with  me.  The  records  of  the  minutes  will  show 
the  resolution  which  1  oflfered.     It  is  all  printed. 

Senator  Morgan.  Do  you  know  of  any  fact  that  shows  or  tends  to 
show  that  any  retardation  of  the  work  took  place  in  the  Isthmus  in  con- 
sequence of  the  want  of  industry  or  the  want  of  capacity-  or  the  want 
of  tidelity  on  the  part  of  any  of  the  Commissioners  i^ 

Senator  Hopkins.  I  submit,  Mr.  Chairman,  that  that  is  a  question 
that  ought  not  to  be  propounded  to  this  witness.  It  involves  practi- 
cally the  same  objection  that  I  ur^ed  to  the  previous  question.  The 
President's  letter  stands  for  what  it  is  worth.  This  witness  of  course 
was  not  in  a  position  to  see  and  judge  of  all  the  things  that  came  to 
the  attention  of  the  President,  and  he  ought  not  to  be  required  to  put 
up  his  judgment  against  the  President's  on  a  matter  like  that,  where 
his  observation  is  limited,  and  his  information  is  limited. 

Senator  Morgan.  I  did  not  ask  him  for  his  judgment  about  any- 
thing at  all.  I  asked  him  for  the  fact  as  to  whether  he  saw  any  inef- 
ficiency or  neglect  of  business  on  the  part  of  any  Commissioner  while 
he  was  there. 

Senator  Hopkins.  But  he  does  not  know  the  fact. 

(By  direction  of  the  committee  the  stenographer  read  aloud  the 
pending  question.) 

Senator  Hopkins.  You  see,  he  has  stated  that  for  a  year  he  was 
awav  from  the  Commission. 

The  Chairman.  It  seems  to  me  it  is  hardly  a  proper  question.  Sen- 
ator, for  this  witness  to  answer.  The  Commission  was  here  at  the 
time. 

Senator  Morgan.  I  do  not  ask  General  Davis  this  question  with  a 
view  of  his  vindicating  himself,  because  the  record  vindicates  him  in 
every  possible  particular.  I  ask  it  with  a  view  of  the  vindication  of 
his  colleagues.  I  would  not  ask  hini  the  question  if  it  related  to  his 
own  personal  opinion  of  what  his  own  conduct  had  been. 

The  Chairman.  I  do  not  see  any  reason  why  the  witness  should 
answer  that  question. 

Senator  Morgan.  Some  of  these  gentlemen  are  before  us  for  con- 
firmation, and  I  will  give  the  committee  to  understand  that  I  want  to 
know  how  they  have  been  behaving  themselves. 

The  Chairman.  The  General  has  signified  that  they  behaved  them- 
selves all  right. 

Senator  Morgan.  But  the  Senator  does  not  want  his  answer  to  go 
down. 

Senator  Hopkins.  I  do  not  want  it  to  go  down  because  I  think  it 
would  be  an  injustice  to  General  Davis,  and  also  because  it  is  a  ques- 
tion that,  from  the  standpoint  of  the  President,  ought  not  to  be  gone 
into  with  the  lack  of  information  which  the  witness  has  stated  that  he 
has,  and  he  ought  not  to  be  put  in  a  position  either  to  confirm  or  to 
antagonize  his  superior  officer  on  a  proposition  like  that. 

Senator  Morgan.  If  General  Davis  nad  said  that  he  did  not  feel 
that  be  ought  to  make  an  answer  to  such  a  question  as  that  I  wou  d 
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have  waived  it.  He  answered  the  question  that  he  had  not  seen  any 
delinauenej^  or  anything  of  the  kind,  vindicating  his  colleagues  in  a 
way  tliat  1  am  very  inuc*h  pleased  with. 

(reneral  Davis.  I  am  willing  to  make  one  statement  in  connection 
with  that  letter  which  may  have  some  bearing  upon  it. 

The  Chairman.  ProceeJl,  General. 

General  Davis.  I  think  that  my  opinion  would  not  be  conclusive  on 
the  subject  at  all.  The  superior,  the  President  of  the  United  States, 
is  surely  to  decide  for  himself  as  to  the  suitability  of  his  agents  for 
doing  his  work.  He  has  expressed  himself  on  this  subject;  and  I  am 
perfectly  willing  to  concede  that  the  President  must  have  exactly  that 
power  that  he  has  expressed  in  the  few  lines  that  Senator  Morgan  has 
read.  He  could  not  be  the  Chief  Magistrate  of  this  nation  without 
the  right  to  exercise  that  power. 

Senator  Morgan.  I  do  not  object  to  his  exercise  of  such  power  as 
that;  but  as  a  Senator,  acting  upon  the  confirmation  of  the  same  men 
that  he  had  in  office  at  the  time,  and  some  of  whom  he  turned  out,  I 
have  a  right  to  know. 

Senator  Hopkins.  I  think,  in  addition  to  the  other  propositions, 
that  it  is  unfair  to  put  General  Dayis  in  an  attitude  where  he  might  or 
might  not  antagonize  the  position  of  the  President. 

benator  Kittredoe.  I  do  not  think  this  question  is  in  line  with  the 
question  to  which  you  objected  just  prior  to  this. 

Senator  Dryden.  1  think,  Mr.  Chairman,  that  the  committee  should 
remember  that  General  Davis  occupies  a  different  position  from  many 
of  the  other  witnesses  that  have  appeared  before  us.  He  is  an  officer 
of  the  Army;  and  anything  which  requires  of  him  a  statement  which 
either  directly  or  indirectly  reflects  upon  his  superior  officer,  namely, 
the  President  of  the  United  States,  I  think  should  be  excluded. 

Senator  Kittredoe.  I  do  not  understand  that  this  question  amounts 
to  that. 

Senator  Hopkins.  The  question  was  seeking  to  antagonize  him  in 
his  statement  with  that  of  the  President.  That  was  the  apparent 
object  of  the  question.  I  do  not  know  whether  the  questioner 
intended  that  or  not,  but  that  was  the  effect  of  the  question. 

(By  direction  of  the  committee  the  stenographer  again  read  aloud 
the  pending  question  as  follows:) 

Do  you  Know  of  any  fact  that  shows  or  tends  to  show  that  any 
retardation  of  the  work  took  place  in  the  Isthmus  in  consequence  of 
the  want  of  industry  or  the  want  of  capacity  or  the  want  of  fidelity  on 
the  part  of  any  of  the  Commissioners? 

Senator  Kittredoe.  That  is  quite  a  different  question  from  the  one 
asked  just  prior  to  that. 

Senator  Hopkins.  I  do  not  think  it  is.  It  would  be  highly  improper 
for  this  witness  to  answer  it. 

Senator  Kittredoe.  If  General  Davis  has  anj'  objection  to  answer- 
ing that  question,  I  would  be  willing  to  vote  to  excuse  him. 

The  Chairman.  I  think  it  should  be  left  to  the  witness. 

Senator  Kittredoe.  Otherwise  not. 

Senator  Hopkins.  I  do  not  think  so,  Mr.  Chairman.  I  think  that  is 
a  matter  that  is  part  of  our  province. 

Senator  Taliaferro.  That  question  could  have  been  asked  with 
absolute  propriety  if  the  President  had  never  written  a  line  on  the 
subject.     The  question  is  whether  this  witness,  as  a  member  of  the 
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Commission  and  as  governor  of  the  Zone  there,  and  sls  this  Govern- 
ment's agent,  practically,  on  the  Isthmus,  knew  of  anything  connected 
with  the  conduct  of  these  other  agents  of  the  Government  that  had  in 
anv  way  put  back  that  work  on  the  Isthmus.     That  is  the  question. 

Senator  Hopkins.  That  would  be  all  ri^ht  enough  if  the  President 
had  never  expressed  himself  on  the  subject.  Then  this  witness,  in 
whatever  answer  he  might  make,  would  not  be  putting  himself  in 
antagonism  with  his  superior  officer  or  taking  an}'  position  whatever 
with  reference  to  him.  But  inasmuch  as  the  President  has  written 
what  has  been  read  by  Senator  Morgan,  it  does  become  a  pertinent 
question  as  to  whether  this  witness  should  be  put  in  an  attitude  of 
contradicting  or  criticizing  his  superior  officer.  Then,  in  addition  to 
that,  Mr.  Chairman,  he  has  alreaay  shown  that  these  men  were  here 
in  Washington  and  that  he  was  there  on  the  Zone,  so  he  has  not  the 
information  which  would  enable  him  to  answer  the  question. 

Senator  Morgan.  The  President  states  this,  if  toe  chairman  w^ill 
allow  me: 

'"The  practical  result  of  the  operations  of  the  Isthmian  Canal  Com- 
mission appointed  and  acting  under  previous  Executive  orders  has  not 
been  satisfactory,  and  requires  a  change  in  the  personnel  of  the  Com- 
mission and  in  the  instructions  for  its  guidance' — the  practical  results 
of  the  work  done  on  the  canal  and  elsewhere  in  the  performance  of 
their  duties. 

Senator  Hopkins.  I  disagree  with  the  Senator. 

Senator  Mougan.  We  have  examined  the  whole  of  that  work  there, 
both  there  and  here,  freely  and  with  perfect  right  on  our  part,  at 
least — for  I  do  not  think  I  have  any  superior  officer  when  I  am  required 
by  the  Senate  to  ask  a  question  that  1  think  is  proper  for  its  informa- 
tion; and  I  predicate  mv  question  upon  what  the  President  asserts  is 
the  practical  result  of  the  operations.  We  have  that.  Now  I  want  to 
know  of  the  witness  whether  he  is  aware  or  has  any  reason  to  suspect 
that  the  practical  results  of  the  operations  there  of  which  the  Presi- 
dent complains  have  been  the  fault,  within  his  knowledge,  of  any 
member  of  the  Commission.  I  want  to  show  that  the  fault  is  in  the 
situation. 

Senator  Hopkins.  Now,  Mr.  Chairman,  you  can  see  that  that  ques- 
tion of  itself  does  not  elucidate  any  proposition  that  this  committee  is 
called  upon  to  pass  upon  or  to  recommend  to  the  Senate — not  at  all. 
It  is  simpl}'  an  effort  upon  the  part  of  the  questioner  to  antagonize 
this  witness  with  his  superior  otncer;  and  it  is  asking  him  a  question, 
as  I  have  before  said,  that  covers  a  subject  that  he  does  not  know  any 
more  about  than  a  schoolboy,  because  ne  was  down  there  discharging 
his  duties  efficiently  while  these  men  were  up  here.     He  is  not  sup- 

Eosed  to  know,  and  does  not  know,  what  information  the  President 
ad  that  caused  him  to  write  that  letter. 

Senator  Kittredge.  The  question  simply  calls  for  his  own  knowl- 
edge.    If  he  has  not  any,  he  can  say  so. 

Senator  Hopkins.  I  think  the  chairman  had  better  rule  on  the 
question. 

Senator  Taliaferro.  I  do  not  agree  with  you.  Senator,  that  there 
is  any  purpose  on  the  part  of  Senator  Morgan  to  bring  this  witness  in 
antagonism  with  or  in  criticism  of  the  President.  If  I  thought  so  I 
would  not  favor  the  answers  being  given.  But  you  assume  to  take 
care  of  a  witness  here  who  has  shown  that  he  is  abundantlv  able  to 
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take  care  of  himself;  and  I  take  it  that  General  Davis  is  not  going  to 
be  drawn  into  an}^  antagonism  of  the  President  by  aay  question  that 
is  put  to  him. 

senator  Hopkins.  I  think  the  best  way  is  not  to  let  the  question  be 
answered,  because  it  is  not  pertinent  to  anything  that  we  are  consider- 
ing here. 

The  Cn\iRMAX.  I  see  no  re-ison  why  the  witness  should  be  called 
upon  to  answer  this  question  unless  he  desires  to  do  so.  The  chair 
will  excuse  him  if  he  desires  to  be  excused. 

Senator  Morqan.  Oh,  if  the  General  should  say  that  he  desires  to 
be  excused  from  it,  that  is  another  matter. 

General  Davis.  It  would  be  the  height  of  improprietv  for  an  officer 
of  the  Government  holding  the  relation  to  the  Commander  in  Chief  of 
the  Army  and  Navy  that  I  necessarily  hold  to  pass  anv  opinion  what- 
ever of  approval  or  disapproval  on  his  action.  It  would  be  the  height 
of  impropriety.  I  have  been  forty  years  amd  more  in  the  service,  and 
it  would  be  entirely  wrong.  1  do  not  know  what  was  in  the  mind  of 
the  President  when  he  wrote  that  paragraph.  It  is  i  mpossible  that  I 
should.  He  had  means  of  knowledge  which  I  did  not  possess.  He 
could  know  of  events  that  were  unknown  to  me,  and  ifeel  as  if  it 
would  be  quite  improp3r  for  me  to  dis  uss  this  sub]e3t. 

The  Chairman.  Senator  Mor  J-an,  will  you  proc3ed  with  other  ques- 
tions 'i 

Senator  Morgan.  I  want  to  state  one  of  the  grounds  upon  which  1 
ventured  to  ask  this  very  tender  question.  That  letter  is  dated  April 
1,  1905,  at  the  time  of  the  organization  of  the  new  Commission.  The 
President  says,  in  a  m'issa^e  to  Conj^re^s  dated  Jmuary  8,  1906: 

^'The  work  on  the  Isthmus  is  being  admirably  done,  an  1  great 
progress  has  been  made,  especially  during  the  last  nine  months.  The 
plant  is  being  made  ves,dy  and  the  organization  perfectad." 

I  want  to  show  that  as  much  progress  had  been  made  during  the 

Preceding  time  as  had  been  during  the  last  nine  months,  and  a  great 
eal  more,  and  I  will  show  it,  and  nave  shown  it.  [Reading:] 
*'The  first  work  to  be  done  was  the  work  of  sanitation,  the  neces- 
sary preliminary  to  the  work  of  actual  construction;  and  this  has  been 
Fushed  forward  with  the  utmost  energy  and  means.  In  a  short  while 
shall  lay  before  you  the  recommendations  of  the  Commission  and  of 
the  Board  of  Consulting  Engineers  as  to  the  proper  plan  to  be  adopted 
for  the  canal  itself,  together  with  my  own  recommendations  thereon. 
All  the  work  so  far  has  been  done  not  only  with  the  utmost  expedi- 
tion, but  in  the  .most  careful  and  thorough  manner;  and  what  has  been 
accomplished  gives  us  good  reason  to  believe  that  the  canal  will  be 
dug  in  a  shorter  time  than  had  been  anticipated  and  at  an  expenditure 
within  the  estimated  amount." 

I  suppose  we  are  at  liberty  to  show  that  the  President  was  mistaken 
in  that  declaration  to  us.  I  think  we  are  not  debarred,  because  he 
says  a  thing,  from  inquiring  into  whether  or  not  the  foundations  of 
fact  on  which  he  made  that  expression  of  opinion  are  correct. 

Then  he  goes  on  to  sav,  after  speaking  of  certain  accusations  and 
the  source^  from  which  they  sprung,  that  they  emanate  from  men  who 
are  ''desirous  of  obtaining  notoriety  by  widespread  slander.  More 
often  they  originate  with  or  are  given  currency  by  individuals  with  a 
personal  grievance.  *  *  *  Every  specific  charge  relating  to  jobbery, 
to  immorality,  or  to  ineflicienc}'  from  whatever  source  it  has  come  has 
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been  immediately  investigated,  and  in  no  single  instance  have  the  state- 
ments of  these  sensation  mongers  and  the  interested  complainants 
behind  them  proved  true.  *  *  *  I  court  the  fullest,  most  exhaus- 
tive, and  most  searching  investigation  of  any  act  of  theirs,"  which 
includes  their  employees  down  there,  ''and  if  any  one  of  them  is  ever 
shown  to  have  done  wrong  his  punishment  shall  be  exemplary." 

Senator  Hopkins.  Senator,  there  is  nothing  inconsistent  in  that 
statement  that  he  has  sent  to  us  and  the  statement  upon  which  you 
predicated  your  question  to  General  Davis.  There  is  no  inconsistenc}'^ 
on  the  part  of  the  President  there. 

Senator  Morgan.  The  Senator  is  defending  the  President  against 
an  alleged  inconsistency  that  has  not  been  even  hinted. 

Senator  Hopkins.  I  am  not  defending  him  at  all;  but  you  are  read- 
ing that  as  a  basis  for  the  justification  of  your  question,  and  I,  without 
defending  the  President  (because  he  does  not  need  any  defense)  am 
saying  that  there  is  no  inconsistencv  between  what  you  are  now  read- 
ing and  the  statement  that  you  read  upon  which  j^ou  predicated  your 
questions. 

Senator  Morgan.  I  am  trying  in  this  manner  simpl}'^  to  ascertain 
what  has  been  done,  and  if  there  is  anything  that  has  been  omitted  to 
be  done  by  any  person  who  is  in  default  to  ascertain  that  and  point  it 
out;  because  the  President  demands  the  most  thorough  investigation  of 
every  person  who  has  been  engaged  in  that  work  there,  and  I  supposed 
that  he  meant  what  he  said.  If  anybody  here  has  a  right  to  say  that 
he  was  not  in  earnest  about  it,  let  him  speak  up  and  say  so. 

I  will  not  press  the  question  upon  General  Davis,  because  he  has 
evinced  a  disposition,  which  I  think  is  very  highly  commendable,  not 
to  criticise  in  any  possible  sense  his  superior  oflScer  in  the  Army; 
though  I  think  that  around  this  board  we  are  all  civilians. 

General  Davis,  have  you  ever  known  any  person  who  was  a  stock- 
holder in  the  New  Panama  Canal  Company  at  any  time'il 

General  Davis.  I  have  no  personal  acquaintance  with  an}''  individual 
that  I  know  to  be  a  stockholder.  I  never  saw  a  list  of  the  stockholders 
of  the  New  Panama  Canal  Company;  I  never  saw  a  list  of  them  in  my 
life.  I  presume  I  have  met  people  who  were  stockholders,  but  I  did 
not  know  it,  and  do  not  know  it  now. 

Senator  Morgan.  Did  you  know  it  from  anything  they  said  to  you? 

Genei-al  Davis.  No;  I  have  no  recollection  of  anything  said  to  me 
that  would  indicate  that  any  of  the  persons  1  was  talking  with  were 
stockholders. 

Senator  Taliaferro.  Does  that  appl}'  also,  General  Davis,  to 
bonds? 

General  Davis.  To  bondholders  of  the  New  Panama  Canal  Company  ? 

Senator  Morgan.  There  were  not  any  bonds  issued? 

General  Davis.  There  were  not  any  bonds. 

Senator  Taliaferro.  Bv  the  New  Panama  Canal  Company  ? 

Senator  Morgan.  The  Old  Panama  Canal  Company  issued  bonds? 

General  Davis.  No;  I  do  not  think — I  can  not  recall  now  that  I 
ever  was  acquainted  with  anybody  that  I  knew  to  he  an  investor  in 
the  Old  or  New  Panama  Canal  Compan}^  although  I  presume  that  I 
have  met  such  people  without  knowing  it. 

Senator  Morgan.  While  you  were  governor  you  made  a  report  of 
which  I  'have  what  I  conceive  to  be  an  incomplete  cop\%  or,  I  might 
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sav,  a  corrected  copy — an  altered  copy.  I  wish  to  hand  it  to  >'ou  and 
ask  you  to  look  at  it  and  see  whether  you  recognize  that  document. 

General  Davis.  I  recognize  this  paper  as  a  retained  copy  of  a  report 
that  I  made  to  the  chairman  of  the  Isthmian  Canal  Commission  on,  1 
think,  the  1st  day  of  October,  1904.  It  is  in  the  nature  of  an  annual 
report  of  certain  transactions  that  came  to  my  knowledge  as  governor 
of  the  Canal  Zone.  The  original  sent  forward  was  an  exact  copy^  of  so 
much  of  this  as  is  in  typewriting.  There  are  a  few  places  in  which  I 
have  made  changes  in  pencil.  Those  were  to  note  corrections  that  1 
would  have  made  in  the  original  if  it  had  remained  in  my  hands  so  that 
I  could  do  so. 

Senator  Mobqan.  I  find  some  papers  referred  to  in  that  document 
that  are  not  copied.  If  you  will  hand  it  to  me  a  moment,  I  will  call 
vour  attention  to  them.  One  of  them,  I  remember,  is  a  letter  from 
!Mr.  De  Obaldia. 

General  Davis.  Yes,  sir;  the  letter  was  one  from  the  minister  of  the 
Republic  of  Panama,  addressed  to  the  Secretary  of  State  of  the  United 
States  at  Washington,  and  had  for  its  date  probably  June,  1904.  I 
am  not  quite  sure  about  its  date  now.  A  cop}^  of  it  was  handed  to  me 
by  the  minister  of  the  United  States  resident  at  Panama,  Mr.  John 
Barrett;  and  it  was  the  paper  that  I  used  in  the  preparation  of  this 
report.  I  made  frequent  citations  from  it  in  that  document.  I  have 
looked  over  my  retained  papers,  and  this  is  a  copy  of  the  original 
letter. 

Senator  Morgan.  From  Mr.  DeObalida? 

General  Davis.  From  Mr.  De  Obalida  to  Mr.  Hay,  which  was  given 
to  me  by  Mr.  Barrett,  and  which  I  think  has  been  printed  in  the  news- 
papers of  the  Rej)ublic  of  Panama.  I  think  it  has  been  given  to  the 
puDlic.  I  found  it  in  my  file  after  the  secretary  of  the  Isthmian  Canal 
tJomniission  had  made  an  inquiry  of  me  in  furtherance  of  a  request 
made  upon  him  by  Senator  Morgan  as  to  what  document  Senator  Mor- 
gan's request  related  to;  and  then  I  looked  up  what  I  had  in  the  way 
of  further  information.  I  find  this  paper  among  them.  It  is  a  letter 
dated  ''Legation  of  Panama,  Washington,  August  11,  1904,"  and  is 
addressed  to  the  Secretary  of  State  of  the  United  States.  As  I  said 
before,  I  think  it  was  printed  in  the  newspapers  of  the  Republic  of 
Panama.  Whether  it  has  been  given  to  the  public  here  by  our  Gov- 
ernment or  not  I  do  not  know.  It  is  a  document  that  came  into  my 
possession  in  the  way  I  state. 

Senator  Morgan.  I  will  ask  you,  General  Davis,  whether  the  reports 
that  vou  have  made  to  that  Commission  have  all  been  published  in  full, 
or  whether  they  have  been  published  in  part  and  suppressed  in  part? 

General  Davis.  The  annual  report  as  governor  of  the  Zone  which  I 
made,  I  think,  on  the  1st  of  October — I  think  it  has  a  concurrent 
date  with  the  document  you  have  before  you — was  forwarded  in  man- 
uscript to  the  Commission;  and  a  part  of  it  was  extracted  and  sent  to 
me  in  manuscript  form,  with  the  statement  that  this  part  was  what  the 
Commission  proposed  to  print  of  the  report  that  I  nad  written.  As 
they  had  segregated  the  document  and  left  out  about  half  of  it,  I  felt 
that  they  were  not  treating  me  fairly  in  the  matter,  and  called  the 
attention  of  the  Secretary  of  War  to  the  mutilation,  as  I  called  it,  of 
that  report.  He  himself  directed  that  a  large  part  of  the  remainder 
should  be  published,  which  has  been  published  since,  and  is  marked 
''Supplementary  Report  of  General  Davis." 


INVESTIGATION   OP   PANAMA   CANAL   MATTEBS.  921 

Senator  Hopkins.  But  certain  parts  of  it  have  not  been  published? 

General  Davis.  A  few  pages  only  have  not  been — a  few  pages. 

Senator  Morgan.  So  that  your  report  as  you  made  it  has  not  been 
fully  published,  although  it  professed  to  have  been  fully  published  ? 

General  Davis.  This  report  that  I  made  has  been  printed  in  full, 
except  about  two  pages — two  foolscap  pages  of  no  especial  impor- 
tance. But  it  contained  an  appendix  made  up  of  a  large  number  of 
documents— that  map,  that  map,  and  this  map  [indicating  maps  in 
committee  roomj,  and  a  copy  of  the  provisional  agreement  for  the 
delimitation  of  the  Canal  Zone,  which  I  have  here,  and  a  good  many 
other,  documents,  thirty  or  forty,  as  an  appendix,  so  that  the  original 
might  be  explained,     l^one  of  those  appendices  have  been  printed. 

The  Chairman.  Senator  Morgan,  it  will  take  you  some  little  time,  I 
suppose,  to  finish.  Would  you  be  willing  to  take  an  adjournment  now 
until,  sa3%  2  o'clock  on  Monday,  or  did  you  wish  to  proceed  with  this 
examination  now?  It  is  5  o'clock,  and  I  think  perhaps  we  had  better 
take  an  adjournment. 

Senator  Morgan.  I  do  not  know  about  2  o'clock  on  Monday. 

The  Chairman.  I  did  not  know  how  long  3'ou  would  be. 

Senator  Morgan.  To-morrow  is  a  day  that  the  committee  ought  to 
he  at  work,  I  think,  as  there  is  no  session  of  the  Senate. 

The  Chairman.  If  it  is  agreeable  to  the  committee.to  meet  to-morrow 
afternoon,  it  will  be  entirely  agreeable  to  the  chairman.  I  have  a 
matter  in  the  morning  that  will  prevent  my  being  here,  but  I  can  be 
here  at  any  time  after  12  o'clock  to-morrow. 

General  Davis.  There  is  just  one  thing  that  1  happen  to  think  of 
now  that  I  would  like  to  say  in  this  connection.  I  spoke  to  Mr.  Taft 
about  coming  before  the  committee,  as  I  was  told  that  I  was  to  come 
in  respect  to  these  matters  of  Zone  government,  and  the  Secretary  said 
at  once:  "  By  all  means  explain  to  the  committee  everything  about  this 
matter  of  Zone  administration,  for  I  want  them  to  know  everything 
that  you  know  about  it — this  handling  of  these  questions  in  the  Zone; 
all  of  these  matters  of  discussion  that  occurred.  Explain  everything 
to  them  fully  if  they  wish  you  to." 

Then  I  also  have  here  a  document  which  I  feel  confident  will  be  inter- 
esting to  you.  It  has  not  been  published,  so  far  as  I  know,  in  Amer- 
ica, although  it  was  printed  in  Panama.  That  is  the  identical  agree- 
ment that  1  entered  into  with  the  Government  of  Panama  for  delimi- 
tation of  the  Canal  Zone — the  identical  document  which  has  not  been 
printed  at  all  in  the  United  States. 

Senator  Morgan.  That  is  a  very  important  paper  and  ou^ht  to  go 
into  these  records,  because  we  do  not  know  wnat  the  delimitation  of 
the  Canal  Zone  around  the  cities  of  Colon  and  Panama  is  except  by 
reference  to  that  document. 

General  Davis.  That  is  a  copy  of  the  paper  that  1  found  among  my 
retained  records.     It  is  an  exact  copy  of  the  original. 

The  Chairman.  Is  there  any  objection  on  the  part  of  any  member 
of  the  committee  to  handing  it  to  the  stenographer? 

(There  was  no  objection.) 

Senator  Morgan.  That  is  not  a  part  of  this  other  report  at  all? 
They  have  put  it  in  as  an  appendix  to  the  report,  or  an  exhibit?         , 

General  Davis.  It  is  an  exhibit,  and  I  think  it  will  be  quite  useful 
to  you  gentlemen  here,  for  it  relates  to  a  very  important  matter. 
ENG  I  c— 06 60 
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Senator  Morgan.  I  want  it  by  all  means,  because  that  is  the  only 
evidence  we  have  as  to  what  the  agreement  is. 

The  Chairman.  It  will  go  into  the  record  unlevss  some  member  of 
the  committee  objects. 

General  Davis.  And  the  Secretary's  agreement  with  the  Government 
of  Panama  ratlf3'in^  it,  you  know,  ana  requiring  from  the  Govern- 
ment of  Panama  an  mdorsement  of  it. 

(The  paper  above  referred  to,  which,  by  direction  of  the  committee, 
was  printed  as  a  part  of  the  record,  is  as  follows:) 

Isthmian  Canal  Zone,  Executive  Office, 

Culehra,  June  21.  1901^. 
Sir:  I  have  the  honor  to  inclose  herewith  copy  of  the  agreement 
relating  to  the  delimitation  of  the  Canal  Zone  recently  entered  into 
by  myself  as  governor  of  the  Zone  with  the  secretary  of  state  and  the 
attorney -general  of  Panama  as  representing  that  Republic;  also  copy 
of  each  of  three  maps  illustrating  the  boundaries  of  which  a  verbal 
description  is  contained  in  the  agreement. 

Very  cloudy  weather  has  made  it  impossible  for  us  to  print  satisfac 
torily  from  the  tracings,  and  I  regret  that  the  maps  are  in  the  condi- 
tion they  are,  but  later  on  better  copies  will  be  forwarded. 

Copies  of  these  maps  have  also  been  forwarded  to  the  Chief  of  Staff 
of  the  Army. 

Respectfully,  Geo.  W.  Davis, 

Governor. 
The  Sbcrbtarit  or  War, 

War  Department^  Washington^  D,  C. 


Whereas  by  the  terms  and  provisions  of  Article  II  of  the  Conven- 
tion for  the  Construction  of  an  Interoceanic  Canal  between  the  United 
States  of  America  and  the  Republic  of  Panama,  signed  by  the  repre 
sentatives  of  the  two  nations  on  November  18,  1903,  the  ratifications 
of  which  were  exchanged  at  Washington  on  the  26th  day  of  February, 
1904,  the  United  States  acquired  tne  right  of  use,  occupation,  and 
perpetual  control  from  and  after  the  said  26th  day  of  February,  1904, 
in  and  over  the  Canal  Zone  and  other  lands,  waters,  and  islands  named 
in  said  Article  II  of  the  convention  aforesaid;  and 

Whereas  it  has  not  yet  been,  and  is  not  now,  practicable  to  make  a 
complete,  definite,  and  exact  location  of  the  precise  boundaries  of  all 
the  territory  ceded  to  the  United  States  by  the  terms  and  provisions 
of  said  Article  II  of  said  convention;  and 

Whereas  the  successful  completion  of  the  work  of  construction  of 
the  Interoceanic  Canal  across  the  Isthmus  of  Panama  is  of  transcendent 
importance  to  the  United  States,  to  the  Republic  of  Panama,  and  to 
the  people  of  the  world;  and 

Whereas  in  order  that  said  work  of  construction  of  said  interoceanic 
canal  may  be  systematically  prosecuted,  and  in  order  that  a  govern- 
ment for  the  Canal  Zone  created  by  the  terms  and  provisions  of  said 
Article  II  of  said  convention  may  be  successfully  organized  and  car- 
ried forward,  it  is  necessary  that  the  extent  and  boundaries  of  the 
territory  ceded  to  the  Government  of  the  United  States  by  the  Gov- 
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eminent  of  the  Republic  of  Panama  under  the  terms  and  provisions 
of  said  convention  shall  be  provisionally  determined  and  agreed  upon. 

Now,  therefore,  General  George  W.  Davis,  governor  of  the  Panama 
Canal  Zone,  acting  for  and  on  behalf  of  the  Government  of  the  said 
Zone,  and  Seiior  Don  Tomas  Arias,  secretary  of  state  of  the  Republic 
of  Panama,  and  Senor  Don  Ramon  Valdes  Lopez,  attorney-general  of 
said  Republic,  jointly  acting  for  and  on  behalf  of  the  Government  of 
said  Republic  of  Panama,  having  agreed  that  the  Government  of  the 
Republic  of  Panama  has  delivered,  and  the  Government  of  the  United 
States  has  received,  and  had,  on  the  19th  day  of  May,  1904,  received, 
for  its  use,  occupation,  and  control,  the  Isthmian  Canal  Zone  described 
in  said  Article  11  of  the  aforesaid  convention  for  the  construction  of 
an  interoceanic  canal,  including  lands  and  waters  in  the  said  Zone, 
lands  under  water,  islands  in  said  Zone,  and  the  islands  of  Perico,  Naos, 
Culebra,  and  Flamenco,  do  make  this  further  agreement: 

Sec.  1.  The  limits  of  the  Canal  Zone,  including  lands  under  water 
and  islands  ceded,  but  not  including  the  cities  and  harbors  of  Colon 
and  Panama,  delivery  of  which  lands,  waters,  and  islands  has  been 
made  by  Panama,  and  possession  of  which  has  been  taken  by  the  United 
States,  are  indicated  and  shown  on  the  attached  map  (marked  ''A"), 
signed  by  the  parties  to  this  agreement,  as  accurately  as  it  is  possible 
to  indicate  on  a  map  with  the  existing  information  respecting  the 
topography  of  the  region  traversed  by  the  canal,  by  a  heavy  red  line 
crossed  with  black,  and  drawn  at  the  uniform  distance  by  scale  of  five 
(5)  statute  miles  on  each  side  of  the  middle  line  of  the  canal,  and  said 
indicated  boundary,  or  line  of  division,  between  the  territory  ceded  by 
the  Republic  of  Panama  to  the  United  States  for  canal  purposes  and 
the  adjoining  or  abutting  lands  of  the  Republic  of  Panama  is  provision- 
ally accepted,  and  will  be  strictly  observed  by  the  two  Gavernments 
until  the  limits  or  boundaries  of  the  said  Zone,  waters,  and  islands 
shall  be  definitely  and  fiuall}^  marked,  fixed,  and  determined. 

Sec.  2.  The  limits  of  the  city  and  harbor  of  Panama,  as  indicated 
and  shown  by  a  heavy  red  line  crossed  with-  black  on  the  attached  map 
(marked  "  B"),  and  as  described  on  the  paper  attached  to  the  said  map, 
both  of  which  are  signed  by  the  parties  to  this  agreement,  are  provi- 
sionall V  accepted  and  will  be  strictly  observed  by  the  two  Governments 
until  the  true  and  definite  line  of  division  between  the  Canal  Zone  and 
its  waters,  on  the  one  hand,  and  the  city  of  Panama  and  its  harbor,  on 
the  other,  shall  be  finally  surveyed,  marked  off,  fixed,  and  determined: 
Provided^  That  the  outer  or  marine  boundary  of  the  harbor  of  Panama 
shall,  as  soon  as  practicable,  be  agreed  upon  and  marked  with  buoys 
or  other  monuments. 

Sec.  3.  The  limits  of  the  city  and  harbor  of  Colon,  as  indicated  and 
shown  by  a  heavy  red  line  crossed  with  black  on  the  attached  map 
(marked ''  C  "),  and  as  described  in  a  paper  attached  to  said  map^  both  of 
which  are  signed  by  the  parties  to  this  agreement,  are  provisionallv 
accepted  and  will  be  strictly  observed  by  tne  two  Governments  until 
the  true  and  definite  line  of  division  between  the  Canal  Zone  and  its 
waters  on  the  one  hand  and  the  city  of  Colon  and  its  harbor  on  the 
other  shall  be  finally  surveyed,  marked  off,  and  determined. 

Sec.  4.  As  necessity  may  arise  special  agreements  Will  be  made  and 
entered  into  from  time  to  time  by  the  parties  hereto  or  by  their  suc- 
cessors respecting  the  delimitation  of  any  auxiliary  lands  or  waters 
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outside  the  Canai  Zone  which  may  be  found  to  be  necessary  or 
convenient  to  the  construction,  sanitation,  or  protection  of  the  inter- 
oceanic  Canal  or  of  its  auxiliary  works. 

Sec.  5.  The  governor  of  the  Canal  Zone  or  his  successors  may 
employ  the  citizens  of  the  Republic  of  Panama  residing  in  the  territory 
of  the  Republic,  for  which  purpose  the  Government  of  the  Republic 
gives  them  the  permission  mentioned  in  paragraph  2  of  article  7  of 
the  national  constitution. 

In  witness  whereof  we  have  signed  these  presents  in  the  dty  of 

Panama,  this day  of  June,  1904. 

(Signed)  George  W.  Davis, 

Govenmr  Canat  Zone, 
(Signed)  Tom  as  Arias, 

Sfi-retary  of  State  Ifef)uhUc  of  Panama. 
(Signed)  Ramon  Vald^:s  L6pez, 

Attorney' General  Repvhlic  of  Panama. 
A  true  copy. 

Geo.  W.  Davis, 

Gox'emor  Canal  Zo7ie, 


Provisional  delimitation  of  boundaries  between  the  territory  of  the 
United  States  of  America  on  the  Isthmus  of  Panama,  known  as 
''The  Panama  Canal  Zone,"  and  the  city  and  harbor  of  Panama,  in 
the  Republic  of  Panama,  being  the  delimitation  to  which  reference 
is  made  in  the  agreement  entered  into  between  the  government  of 
the  said  Canal  2iOne  and  the  Government  of  the  Republic  of  Panama, 
signed  by  General  George  W.  Davis,  governor  of  the  said  Zone,  on 
behalf  of  the  said  government  of  the  (Janal  Zone,  and  by  Senor  Don 
Tomas  Arias,  Secretary  of  State,  and  by  Senor  Don  Ramon  Valdes 
Lopez,  attorney-general,  on  behalf  of  the  Government  of  the  Repub- 
lic of  Panama,  as  follows: 

Beginning  on  the  shore  line  of  the  Pacific  Ocean  at  a  stake  driven 
above  high-water  mark  on  Punta  Paitilla,  thence  on  a  straight  line 
northwesterlv  to  a  similar  stake  driven  upon  the  summit  of  Cerro 
Pelado,  whicli  hill  is  situated  on  the  south  side  of  the  Savanna  road, 
said  stake  being  about  eighteen  hundred  (1,800)  metres  northeast  from 
the  Caledonia  Bridge;  thence  on  a  straight  line  to  a  similar  post  driven 
on  the  summit  of  Cerro  Corundu;  thence  on  a  straight  line  to  a  similar 
stake  at  the  southeast  corner  of  the  tract  of  land  known  as  Le  Section 
and  upon  the  north  side  of  the  hospital  road;  thence  on  a  straight  line 
crossing  the  road  leading  from  Panama  to  the  hospital  across  the 
meadow^s  and  fields  to  a  similar  stake  driven  on  the  north  side  of  the 
road  leading  from  Panama  to  La  Boca,  about  seventy-five  (75)  metres 
from  the  old  wallod  spring  Chorillo;  thence  southw^esterly  in  a  straight 
line  across  La  Boca  road  to  a  similar  stake  driven  at  high-water  mark 
upon  Punta  Mala,  near  the  islet  of  Gabilan. 

At  each  of  the  stakes  above  mentioned  and  at  each  of  the  other  calls 
above  given  for  the  purpose  of  marking  the  boundary  in  question 
there  shall  be  set  a  ma^sonry  monument  about  one  (1)  metre  square 
and  one  (1)  metre  high,  and  in  the  center  of  the  masonry  and  project- 
ing about  sixty  (60)  centimetres  above  it  shall  be  placed  an  iron 
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column  or  post  marked  on  the  side  of  the  Canal  Zone  with  the  letters 
U.  S.  and  on  the  opposite  side  with  the  letter  P.;  all  of  said  letters  to 
be  about  six  (6)  centimetres  in  height,  these  monuments  to  be  erected 
as  soon  as  practicable  at  the  expense  of  the  United  States. 

(Signed)  George  W.  Davis, 

Governor  Canal  Zo7ie, 
(Signed)  TomAs  Arias, 

Seci'etary  of  State  Republic  of  Panama, 
(Signed)  Ram6n  ValdAs  L6pbz, 

Attorney-  General  Republic  of  Panama. 


Professional  delimitation  of  boundaries  between  the  territory  of  the 
United  States  of  America  on  the  Isthmus  of  Panama,  known  as 
*^The  Panama  Canal  Zone,"  and  the  city  and  harbor  of  Colon,  in  the 
Republic  of  Panama,  being  the  delimitation  to  which  reference  is 
made  in  the  agreement  entered  into  between  the  government  of  the 
said  Canal  Zone  and  the  Government  of  the  Republic  of  Panama, 
signed  by  General  George  W.  Davis,  governor  oi  the  Canal  Zone, 
on  behalf  of  the  government  of  said  Zone,  and  by  Senor  Don  Tomas 
Arias,  secretary  of  state,  and  Senor  Don  Ramon  Valdes  Lopez, 
attorney -general,  on  behalf  of  the  Government  of  the  Republic  of 
Panama,  as  follows: 

The  city  of  Colon:  All  that  portion  of  the  island  of  Manzanillo  which 
is  alx)ve  low  water,  except  the  tract  of  land  reclaimed  from  the  sea 
and  generally  known  by  the  name  of  La  Terre  Plein  de  Crostobal 
Colon,  and  the  boundary-  between  said  La  Tcrre  Plein  and  said  cit}'  is 
as  follows: 

Beginning  at  a  point  on  the  northern  shore  line  of  Boca  Chica,  some- 
times called  Folks  River,  said  point  being  tift}'  (50)  metres  to  the  east- 
ward of  the  middle  of  the  main  line  of  track  of  the  Panama  Railroad; 
thence  northward  and  northwestward,  always  parallel  with  the  said 
railroad  track  and  at  a  uniform  distance  of  tifty  (60)  metres  from  the 
middle  line  thereof,  to  the  middle  line  of  Bolivar  street  (sometimes 
called  C  street);  thence  along  the  middle  line  of  said  Bolivar  street  to 
the  middle  line  of  Eleventh  street:  thence  along  the  middle  line  of 
Eleventh  street  to  low-water  mark  on  the  shore  of  the  harbor  of  Colon. 

The  harbor  of  Colon:  All  that  portion  of  said  Limon  Bay  lying 
westward  of  said  citv  of  Colon  and  northward  of  a  straight  line  drawn 
from  the  center  of  tlie  existing  monuments  of  Cristobal  Colon,  true 
west  to  the  westerly  shore  of  Limon  Bay:  Procidt'd^  haion^er^  That  the 
entrance  channel  of  the  Panama  Canal  through  said  harbor  of  Colon 
to  its  southern  boundary,  of  the  width  of  three  hundred  and  thirty 
(330)  meters  on  either  side  of  the  middle  line  or  axis  of  said  entrance 
channel  wherever  said  channel  may  now  or  hereafter  cross  the  same, 
is  hereby  declared  to  be  a  part  of  the  Canal  Zone,  under  the  exclusive 
jurisdiction  and  control  of  the  United  States,  the  limits  of  said  chan- 
nel through  said  harbor  to  be  suitably  marked  by  buoys  or  otherwise: 
And  provided  furthei\  That  the  said  Terre  Plein  between  the  said 
monument  of  Cristobal  Colon  and  the  middle  line  of  Eleventh  street 
extends  to  low  water. 
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There  are  excepted  from  the  city  and  harbor  the  existing  light- 
house on  Manzanillo  Island,  and  all  land  lying  within  thirty  (30) 
metres  thereof,  these  being  within  the  Canal  2one« 

(Signed)  George  W.  Davis, 

Governor  Canal  Zone* 
(Signed)  Tomas  Abias, 

Secretary  of  State  RemMic  of  Panama, 
(Signed)  KAMdN  VALDis  L6pez, 

Attorney- General  Rejnjibli<i  of  Panama, 

(Thereupon,  after  an  informal  discussion,  the  committee  adjourned 
until  Monday,  April  2,  1906,  at  2  o'clock  p.  m.) 


ISTHMIAN  CANAL. 


CJOMMITTEE  OF  InTEROCEANIC  CaNALS, 

United  States  Senate, 
Washington,  D.  C,  Monday,  April  6, 1906, 
The  committee  met  at  2  o'clock  p.  m. 

Present:  Senators  Millard  (chairman),  Kittredge,  Hopkins,  Mor- 
gan, and  Taliaferro. 

STATEMENT  OF  MAJ.  GEH.  GEOEGE  W.  DAVIS,  TT.  S.  AEMT, 
EETIEED— Continued. 

Senator  Morgan.  General  Davis,  at  our  last  meeting  wo  were  dis- 
cussing the  question  of  a  report  that  you  had  made  to  the  Isthmian 
Canal  Commission,  of  which  you  were  then  a  member,  and  a  letter  of 
Mr.  De  Obaldia,  who  was  then  minister  of  foreign  affairs,  I  believe, 
in  Panama. 

General  Davis.  In  Washington. 

Senator  Morgan.  He  was  minister  from  that  Government  to  this? 

General  Davis.  Yes,  sir. 

Senator  Morgan.  At  that  time? 

General  Davis.  Yes,  sir. 

Senator  Morgan.  Have  you  that  letter? 

General  Davis.  Yes,  sir ;  a  copy  of  it. 

Senator  Morgan.  This  report  of  yours  was  made  to  inform  the 
Commission  and  the  Secretary  of  War  of  all  the  circumstances  and 
conditions  under  which  vou  conducted  the  preliminary  negotiations 
with  the  Government  of  t^anama  by  direction  of  the  President? 

General  Davis.  Well,  in  a  letter  of  the  President,  addressed  to 
the  President  of  the  Republic  of  Panama,  given  to  me  before  I  sailed 
for  the  Isthmus,  there  was  a  request  expressed  by  the  President  to  the 
chief  executive  of  the  Panama  Republic  that  he  should  discuss  with 
me  all  matters  respecting  the  work  that  the  two  nations  were  so 
much  interested  in,  and  it  also  contained  the  phrase  that  he  was  send- 
ing me  there  as  governor,  and  he  wished  the  President  of  Panama  to 
regard  me  as  his,  our  President's,  personal  representative. 

Senator  Morgan.  As  his  personal  representative? 

General  Davis.  Yes,  sir.     That  language  was  used  in  the  letter. 

Senator  Morgan.  Had  we  a  minister  at  Panama,  at  that  timie? 

General  Davis.  We  had  a  minister  at  Panama,  but  he  had  not  yet 
reported. 

Senator  Morgan.  I  mean,  there  was  no  minister  at  Panama? 

General  Davis.  Xo  ;  there  was  a  charge  there. 

Senator  Morgan.  And  you  really  took  his  place  in  these  prelimi- 
nary negotiations? 
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General  Davis.  I  should  scarcely  say  that  I  took  his  place,  but  I 
felt  entirely  competent  to  discuss  with  the  Government  of  Panama 
any  questions  that  might  be  necessary. 

Senator  Morgan.  By  "  competent     you  mean  authorized  ? 

General  Davis.  Authorized;  yes,  sir. 

Senator  Morgan.  And  this  report  that  you  made  embodies  the 
transactions  and  communications  that  you  had  with  that  Gt)vem- 
ment  ? 

General  Davis.  It  does. 

Senator  Morgan.  Under  that  authority? 

General  Davis.  Yes;  it  embodies  a  sketch  of  it.  It  does  not  pre- 
tend to  give  every  detail  of  the  negotiations. 

Senator  Morgan.  But  it  is  jour  report  of  what  you  did? 

General  Davis.  Yes,  sir. 

Senator  Morgan.  And  you  consider  it  a  full  report? 

General  Davis.  Yes,  sir;  it  is  a  full  statement. 

Senator  Morgan.  I  want,  Mr.  Chairman,  to  have  this  report 
printed,  along  with  the  letter  of  De  Obaldia,  as  an  appendix  to  the 
testimony  of  General  Davis. 

The  Chairman.  I  do  not  understand  that  there  is  any  objection 
on  the  part  of  any  member  of  the  committee,  and  therefore  that  will 
be  done. 

Senator  Kittredoe.  May  I  ask  one  question  here.  Senator! 

Senator  Morgan.  Yes. 

Senator  Kittredge.  Did  you,  while  governor  of  the  Zone,  ivesti- 
gat«  the  question  of  customs  duties  and  the  revenues  of  the  Govern- 
ment ? 

General  Davis.  I  considered  them,  and  of  course  that  involved 
investigation;  as  my  functions  were  confined  to  those  of  carrying  out 
the  instructions  of  the  President,  and  they  involved  the  maintenance 
of  government,  and  as  taxation  was  one  of  the  functions  of  govern- 
ment, of  course  the  investigation  of  those  subjects  was  an  important 
one,  and  I  would  answer,  "  Yes." 

Senator  Kittredge.  Was  the  result  of  your  investigation  included 
in  that  report? 

General  Davis.  It  is  very  often  referred  to:  and  in  the  annual 
report  that  I  made  at  the  end  of  the  year  you  will  find  the  statement 
of  all  revenues  collected. 

Senator  Kittredge.  Has  that  report  been  published  in  full  ? 

General  Davis.  Oh,  yes.  It  has  all  been  published  excepting  a  mat- 
ter of  a  page  or  two  that  we  were  talking  about  here  the  other  day, 
which  is  of  no  consequence. 

Senator  Morgan.  You  insist  upon  that  being  of  no  consequence, 
and  I  insist  that  it  is  of  consexjuence.  I  want  it  to  go  in  your  report 
when  it  is  printed. 

General  Davis.  That,  Senator,  is  another  report  from  this. 

Senator  Morgan.  I  know. 

Senator  Kittredge.  Have  you  reduced  your  views  to  writing  in 
any  other  manner  upon  this  subject  I  have  mentioned  except  as  you 
have  stated  them  in  the  reports? 

General  Davis.  On  the  subject  of  taxation  and  revenue! 

Senator  Kittredge.  Yes. 

General  Davis.  No,  sir.  Those  two  reports  that  I  made  contain 
all  that  I  have  written  on  the  subject. 
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Senator  Kittredge.  They  cover  your  views  fully? 

General  Davis.  Yes;  they  cover  them  fully. 

Senator  Taluferro.  You  spoke  of  two  pages  being  omitted  from 
this  other  report — this  second  report  you  have  referred  to? 

General  Davis.  Yes,  sir. 

Senator  Taliaferro.  How  does  it  come  that  two  pages  were 
omitted  from  each  report? 

General  Davis.  I  think  I  related  to  you  Friday  that  when  the 
report  was  sent  to  the  Commission — the  Commission  being  in  session 
here  in  this  city  and  I  being  on  the  Isthmus — the  Commission,  you 
might  say,  "  blue  penciled  "  the  report  to  a  very  considerable  extent. 
Thev  left  out  probably  about  half  of  it,  on  the  ground,  I  think,  that 
in  this  report  I  had  made  I  had  been  discussing  two  subjects,  one 
of  the  subjects  reported  upon  by  me  as  governor  of  the  Canal  Zone 
and  the  other  subjects  of  a  larger  nature  that  related  to  the  func- 
tions and  duties  and  responsibilities  of  the  Commission  itself;  and 
they  thought  that  in  a  report  of  the  governor  it  was  not  necessary — 
I  can  not  say  that  I  should  use  the  expression  not  proper,  although 
perhaps  they  meant  to  use  it — to  include  in  the  report  of  the  governor 
anything  that  was  of  the  larger  scope — that  is,  the  subjects  that 
concerned  the  Commission  or  myself  as  a  member  of  the  Commission. 
The  part  that  they  omitted  was  the  part  that  related  to  the  broader 
questions  of  constructing  the  Panama  Canal. 

I  felt  dissatisfied  with  the  way  they  had  left  me  in  that  respect.  I 
felt  that  if  I  was  to  appear  as  having  made  a  report  at  all,  the  report 
ought  to  be  complete.  I  said  to  the  Commission  that  I  was  content  to 
have  the  whole  report  suppressed;  that  I  had  no  objection  to  that; 
but  that  if  the  report  was  printed  I  thought  the  whole  of  it  ought  to 
be  printed.  They  did  not  agree  with  me.  I  appealed  to  the  Secre-. 
tary  of  War,  and  he  read  the  report  and  directed  that  the  remainder 
of  it,  excepting  the  couple  of  pages,  be  printed ;  and  it  was  done  by 
his  direction,  and  it  now  appears  in  the  first  annual  report  of  mine 
as  "  Supplemental  report  of  General  Davis,  governor  of  the  Canal 
Zone." 

There  were  two  or  three  pages  omitted,  and  all  the  appendix  matter 
was  omitted,  which  contained  the  full  history  of  this  Zone  delimita- 
tion and  the  maps  which  describe  it — the  three  maps  which  are  here 
now.  That  is  one  of  them,  that  is  another,  and  another  is  here 
[indicating]. 

Senator  Morgan.  The  two  pages  that  were  stricken  out  never  did 
appear  in  print  ? 

General  Davis.  Xo,  sir;  so  far  as  I  know. 

Senator  Morgan.  You  have  got  those? 

General  Davis.  I  have. 

Senator  Morgan.  I  will  ask,  if  you  please,  that  you  show  us  that 
report  as  it  was  printed  and  the  two  additional  pages. 

General  Davis.  I  have  the  report,  but  I  have  failed  to  bring  with 
me  the  omitted  pages. 

Senator  Taliaferro.  The  De  Obaldia  letter  is  also  to  be  printed. 

General  Davis.  Yes,  sir;  this  is  it  here.  I  have  had  a  conversation 
with  Secretary  Taft  since  your  last  meeting,  and  I  mentioned  to  him 
tlds  particular  document,  the  De  Obaldia  letter,  with  which  he 
is  quite  familiar,  and  he  said  he  had  no  objection  to  this  paper 
being  printed,  and  the  reply  that  Mr.  Hay  made  to  the  De  Obaldia 
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letter,  and  that  he  intended  himself,  when  he  came  before  your  com- 
mittee, to  submit  those  documents. 

Senator  Hopkins.  If  he  is  going  to  do  that,  we  do  not  want  it  in 
twice. 

Senator  Kittredge.  It  is  properl}^  in  here. 

The  Chairman.  It  properly  lollows  in  here,  I  think. 

Senator  Morgan.  General,  I  have  here  a  pamphlet  entitled  "  Isth- 
mian Canal  Commission — Sundry  Technical  Reports  in  Relation  to 
the  Panama  Canal,  Covering  t6e  Period  1899  to  1904,  Inclusive, 
Compiled  under  the  Direction  of  the  Chief  Engineer,  January,  1905/' 
Was  that  printed  by  order  of  the  Commission? 

General  Davis.  I  think  not.  That  document,  as  I  remember,  was 
printed  on  the  government  press  at  Panama,  by  direction  of  the  chief 
engineer,  Mr.  Wallace.  The  general  subject  discussed  in  that  pamph- 
let, you  will  observe,  is  engineering,  and  he  collected  together  all  tho«* 
documents  in  Panama  and  had  them  printed  about  February  or 
March,  1905.  I  received  a  copy  from  Mr.  Wallace  in  Panama.  After 
that,  there  were  several  copies  sent  to  the  Commission.  The  Com- 
mission, so  far  as  I  know,  did  not  prder  the  printing  of  the  docu- 
ments. 

Senator  Morgan.  Mr.  Chairman,  this  document  contains  some  very 
important  papers  that  are  put  together  here.  I  speak  of  them  as 
being  important  in  respect  of  the  value  of  the  information  that  they 
convey,  including  the  report  of  Major  Black,  made  to  the  Panama 
Canal  Commission,  I  suppose. 

General  Davis.  Made  to  Admiral  Walker,  who  was  then  chairman. 

Senator  Morgan.  Yes. 

General  Davis.  I  think  they  were  made  to  him  while  Admiral 
Walker  was  chairman  of  the  first  Commission,  not  as  chairman  of  the 
second.  At  all  events,  some  of  those  reports  were  addressed  to  him 
in  his  former  capacity. 

Senator  Morgan.  This  document  contains  the  report  of  Monsieur 
Choron,  chief  engineer  of  the  New  Panama  Canal  Company ;  an  ab- 
stract from  the  report  presented  to  the  council  of  administration  of 
the  company  by  the  technical  committee,  constituted  by  virtue  of 
article  31  of  the  statutes  of  the  New  Panama  Canal  Company ;  a  po<;- 
sible  source  of  water  supply  for  Colon  and  Panama,  by  Major  Black, 
April  2,  1904,  and  a  statement  of  preliminary  projects  for  sanitary 
work  of  Colon,  formation  of  entrance  channel  to  the  canal  and  inner 
harbor  at  Colon,  by  Major  Black ;  report  of  work  done  by  the  party 
under  the  charge  of  Major  Black,  dated  April  2,  1904,  which  party 
was  sent  to  the  Isthmus  in  anticipation  of  the  turning  over  of  the 
propertv ;  and  then  the  general  report  of  Maior  Black,  made  to  Ad- 
miral Walker,  when  Major  Black  concluded  tiis  work  there  and  wa? 
relieved  from  duty,  and  a  project  outlined  in  a  report  of  the  Isth- 
mian Canal  Commission  of  1899-1901,  by  Rear-Admiral  John  G. 
Walker,  U.  S.  Navy,  president. 

All  of  those  papers  appear  to  be  important,  and  this  d<XMunent  i^ 
also  accompanied  with  an  appendix. 

I  move  that  this  paper  be  printed,  to  stand  as  an  appendix  to  the 
report  of  the  committee  that  we  will  make  to  the  Senate,  in  order  to 
present  to  the  Senate  a  condensed  statement  of  very  important  fact< 
that  otherwise  would  perhaps  be  unavailable  to  Senators. 
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The  Chairman.  Suppose  we  could  get  a  sufficient  number  of  these 
to  answer  the  requirements;  would  that  do,  or  would  you  prefer  to 
have  it  printed  as  a  public  document? 

Senator  Morgan.  When  we  make  up  our  reports  and  send  this 
great  mass  of  papers  to  the  Senate,  this  should  be  an  appendix  to 
that.  I  do  not  mean  to  put  it  as  an  appendix  to  General  Davis's 
testimony. 

The  Chairman.  I  understand  that. 

Senator  Morgan.  But  as  a  general  appendix;  and  I  make  that 
motion. 

The  Chairman.  That  it  be  printed  as  a  document  ? 

Senator  Morgan.  Yes. 

Senator  Hopkins.  As  a  part  of  the  hearings  before  the  committee? 

Senator  Morgan.  As  an  appendix  to  the  hearings  before  the  com- 
mittee. 

Senator  Taliaferro.  I  second  the  motion. 

(The  motion  was  carried.) 

Senator  Morgan.  The  next  document  that  follows  that  in  histor- 
ical or  chronological  order  is  the.  First  Annual  Report  of  the  Isthmian 
Canal  Commission,  and  a  letter  of  the  Secretary  of  War  transmitting 
that  report.  I  move  that  that  be  printed  also  as  an  appendix  to  the 
general  report,  to  succeed  the  paper  that  I  have  just  read.  That  pre- 
serves the  chronological  order  of  all  the  reports  as  they  come  up. 

Senator  Hopkins.  That  is  to  be  published  to  follow  the  last  paper 
you  submitted,  as  a  part  of  the  hearings  before  this  committee  ? 

Senator  Morgan.  Yes. 

The  Chairman.  There  appears  to  be  no  objection,  and  that  will  be 
done. 

Senator  Morgan.  General,  the  other  day  I  asked  you  to  please  fur- 
nish an  answer  to  a  Question  that  I  wrote  out  and  handed  to  you. 
Are  you  prepared  to  do  it  now  ? 

General  Davis.  I  can  answer  it. 

Senator  Morgan.  I  shall  be  very  glad  if  you  will  read  the  question, 
and  then  answer  it. 

General  Davis.  I  will  say,  as  a  preliminary,  that  to  answer  a  ques- 
tion of  a  technical  nature  like  this  offhand  is  not  very  easy,  but  I 
have  done  the  best  I  could.  If  the  answer  was  to  be  made  the  basis 
of  any  action,  I  should  wish  to  revise  it,  because  I  have  not  had  time 
to  study  some  phases  of  it,  or  a  good  many  phases  of  it.  This  is  the 
question : 

"A  sea-level  canal  from  the  40- foot  contour,  in  the  Bay  of  Limon, 
hugging  the  hills  on  the  right  bank  of  the  Chagres  to  a  point  about 
1  mfle  from  Gamboa,  where  a  lock  of  30- foot  lift  is  to  be  built.  The 
spoil  from  the  canal  channel  to  be  embanked  on  the  line  next  to  the 
river,  to  protect  against  the  waters  of  the  Chagres  and  its  affluents 
that  enter  through  its  left  bank.  This  embankment  to  be  used  in  con- 
nection with  a  drainage  channel  to  carry  off  the  overflow  of  the 
Chagres,  when  needed. 

"'2.  A  dam  at  Gamboa,  of  the  dimensions  given  in  the  report  of 
the  minority  of  the  Board  of  Consulting  Engineers,  and,  connected 
with  it,  the  viaduct  and  regulation  works  suggested  by  Menocal. 

"  3.  The  viaduct  to  lead  into  a  lock  with  Eft  of  30  feet  connected 
with  it  on  its  eastern  entrance,  making  two  locks  of  30-foot  lift  and. 
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say,  1  mile  apart,  to  connect  the  sea-level  part  of  the  canal  with  the 
summit  level  of  the  lock  section,  which  will  be  in  the  viaduct  and 
extend  to  Miraflores,  or  Pedro  Miguel,  where  two  locks^  each  with 
30-foot  lift,  will  connect  the  lock  section  of  tiie  canal  with  the  sea- 
level  canal  from  the  point  of  junction  out  to  the  Bay  of  Panama. 

''  4.  The  drainage  channel  rrom  Gamboa,  to  take  care  of  the  flood 
waters  of  the  Chagres,  will  occupy  the  present  bed  of  the  river,  where 
it  is  not  taken  into  the  sea-level  section  of  the  canal,  and  those  parts 
of  the  present  bed  of  the  Chagres  connected  with  each  other  by  short 
diversion  channels,  and  the  canal  embankments  will,  probably,  "be  car- 
ried through  the  Gigante  watershed  to  the  swamps,  and  out  to  the 
sea." 

In  answer  to  that  question  I  will  say : 

First,  that  the  word  "  minority,"  where  it  appears  in  the  second 
paragraph,  is  probably  a  misprint  for  the  word  "  majority,"  for  the 
minority  do  not  propose  a  dam  at  Gamboa. 

Senator  Morgan.  Yes;  it  should  be  majority. 

General  Davis.  The  idea  as  I  understand  it  is  (reading)  : 

"  (a)  To  make  the  Atlantic  maritime  section  extend  to  1  mile 
below  Gamboa,  or  to  about  the  point  where  the  sea-level  canal  as 
projected  last  crosses  the  Chagres,  the  channel  to  hug  the  foothiUs 
on  the  right  bank  of  that  stream  all  the  way  and  to  be  shut  out  from 
the  same  by  an  embankment  or  levee;  the  first  lock  of  30  feet  lift  to 
be  placed  near  mile  30,  sea-level  map. 

"  (6)  To  build  the  Gamboa  dam  as  proposed  by  the  majority  and 
make  it,  in  addition,  a  viaduct,  to  which  the  channel,  approaching 
from  below,  would  join,  the  regulated  flow  of  the  Chagres  to  \^ 
carried  under  the  viaduct  and  aischarge  into  the  pool  below,  sup- 
posed to  have  been  created  above  the  lower  lock  close  by. 

"  (c)  To  build  a  lock  at  the  southern  end  of  the  viaduct  with  30 
feet  lift,  so  raising  the  surface  level  to  plus  60  feet/ 

"  (d)  To  then  carry  the  canal  through  the  summit  cut  Culebra  at 
level  00  for  water  surface,  or  plus  20  above  sea  level  for  bottom  of 
canal,  and  lock  down  to  the  south  of  Culebra  with  two  30-foot  locks, 
one  at  Pedro  Miguel  and  one  at  Miraflores;  the  Pacific  sea-level  sec- 
tion, with  width  of  300  feet,  to  extend  to  the  lower  lock  at  Miraflores, 
which  would  serve  as  a  tide  and  lift  lock  combined." 

Is  that  a  fair  statement  of  it.  Senator  ? 

Senator  Morgan.  That  is  a  fair  statement  of  it. 

General  Davis  (continuing)  :  ''  The  plan  does  not  seem  to  me  to  be 
a  practicable  one,  for  the  following  reason : 

"  The  first  or  northernmost  lock  lift,  30  feet,  would  be  situated 
just  outside  or  on  the  convex  side  of  the  bend  of  the  Chagres  to 
the  northeast  of  the  mile  mark  30.  Just  at  mile  30  the  sea-level  loca- 
tion crosses  the  Chagres,  and  the  bed  of  the  stream  at  this  point  is  a 
little  more  than  30  feet  above  the  sea.  A  half  mile  above  that  point, 
where  the  same  location  crosses  the  Chagres  the  last  time,  the  river 
bed  is  nearly  40  feet  above  the  sea. 

"  Since  the  lock  is  to  have  only  30  feet  lift,  the  water  level  above  it 
in  the  canal  will  be  40  to  50  feet  below  the  bed  of  the  Chagres  just 
alongside  or  very  near. 

"  Having  passed  this  lock,  the  bed  of  canal  still  10  feet  below  the 
level  of  the  sea,  navigation  across  the  line  of  the  Chagres  is  to  be 
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secured  by  a  viaduct,  its  floor  at  the  same  le^v^el  as  the  canal,  but  the 
present  surface  of  the  earth  in  the  valley  where  the  Gamboa  dam  and 
the  viaduct  are  to  be  placed  is  now  50  leet  above  the  level  of  the  sea, 
or  it  will  be  60  feet  above  the  floor  of  the  viaduct  which  is  to  be  built 
alongside  of  and  in  connection  with  said  dam.  Then  there  are  to  be 
sluices  beneath  the  viaduct  for  carrying  away  the  regulated  Chagres 
flow,  and  they  are  to  be  inclosed  in  masonry,  according  to  Mr.  Meno- 
cal's  design,  this  masonr}^  serving  as  viaduct  floor  also.  The  thick- 
ness of  the  concrete  mass  from  the  floor  to  the  invert  of  the  sluices 
is  given  as  16  feet,  so  that  the  bottom  of  the  sluices  will  be  76  feet 
below  the  general  ground  surface  and  26  feet  below  sea  level ;  in  other 
words,  it  would  be  necessaiy  to  excavate  26  feet  into  the  rock  for  the 
viaduct  foundation,  or  else  the  sluices  would  have  to  be  sunk  into 
the  rock  to  that  depthj  and  the  top  of  the  circular  sluice  openings 
would  be  06  feet  below  the  present  river  bed. 

'•  It  is  thus  made  manifest,  I  think,  that  the  plan  proposed  would 
not  practically  be  realizable." 

It  is  a  technical  matter,  and  it  is  rather  difficult  to  follow,  but  1 
have  tried  to  make  it  clear. 

Senator  Kittredge.  This  question  practically  contemplates  what  is 
known  as  the  Monocal  survey? 

General  Dav^s.  I  have  a  little  more  to  say  in  respect  to  that  matter. 

Senator  Kittoedge.  I  thought  you  had  finished. 

General  Davis.  I  have  finished  in  answering  that  question.  I  have 
a  little  more  to  say  on  this  Menocal  idea ;  but  of  course,  I  do  not  wanl 
to  thrust  it  upon  you. 

Senator  Kittredge.  We  would  be  very  glad  to  have  it.  General.  [ 
thought  you  had  finished. 

General  Davis  (continuing)  :  '*  Menocal's  idea  was  to  cross  the 
Chagres  by  a  viaduct  with  water  level  at  +96  feet  or  66  feet  above  the 
level  proposed  by  the  question.  For  such  a  disposition  of  prism  and 
levels  the  viaduct,  considered  by  itself,  is  all  right.  He  proposes  three 
locks  to  the  north  of  Gamboa,  on  the  line  of  suggested  route,  always 
on  the  right  bank  of  the  Chagres,  which  it  never  crosses  until  Gamboa 
is  re^iched." 

Senator  Kittredge.  If  it  will  not  bother  you,  General,  and  you  have 
not  touched  upon  the  question  in  your  answer,  will  you  indicate  on 
the  map  where  Menocal's  three  locks  were?  I  have  forgotten  just 
where  they  were  located. 

General  Davis.  He  has  one  lock,  as  I  now  remember,  about  oppo- 
site mile  28;  I  am  not  (^uite  sure,  but  it  is  about  there.  He  na» 
another  lock  opposite  Frijoles,  somewhere  in  here  [indicating  on 
map],  and  his  third  lock  is  right  in  those  hills,  near  Tiger  Hill. 
ITiose  are  his  three  locks. 

Senator  Kittredge.  That  is  about  3  or  4  miles  from  Gatun? 

General  Davis.  Well,  about  3  miles  from  Gatun,  or  a  little  less. 

Menocal's  line  from  near  Gatun  to  Gamboa  would  always  be  in  ex- 
cavation, with  many  high  spurs  or  ridges  to  cut  through  shown  as  of 
height  above  canal  floor  up  to  235  feet.     These  can  only  be  considered 
approximations,  for  we  know  very  little  about  the  topography  away- 
from  the  surveyed  routes  in  the  middle  of  the  Chagres  Valley. 

"  If  the  ground  were  generally  level,  with  gentle  slope  all  the  way 
from  Gatun  to  Gamboa,  which  it  is  not,  a  lock  canal  might  well  be 
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built  on  his  plan,  with  tiie  Gamboa  viaduct,  but  always  with  the  idea 
of  converting  it  into  a  sea-level  proposition  on  line  of  present  sea- 
level  plan,  the  lock  canal  to  be  abandoned  when  the  other  should  be 
realized,  and  utilized  thereafter  as  a  drainage  or  diversion  channel 
for  the  disposal  of  the  flow  of  the  Chagres  and  other  minor  streams 
on  the  right  bank  from  Gamboa  to  Ti^er  Hill,  but  with  existing 
knowledge  of  the  topography  and  strata,  it  is  impossible  to  say  what 
the  cost  would  be,  for  every  yard  required  to  be  removed  in  makmg 
the  final  sea-level  canal  would  ultimately  have  to  be  taken  out.  I 
know  the  author  of  this  suggestion,  and  have  a  high  respect  for  him 
as  an  engineer." 

That  covers  all  that  I  have  to  say  on  that  subject 

Senator  Morgan.  If  I  understand  your  proposition  or  your  conclu- 
sion about  this  matter,  the  viaduct  that  is  proposed  by  Mr.  Menocal 
could  not  be  lowered  below  a  66-foot  level. 

General  Davis.  I  think  it  is  impracticable,  Senator.  You  can 
think  of  it,  that  you  would  have  to  take  the  water  down  vertically 
about  60  feet  below  the  present  level  of  the  surface  before  you  could 
get  it  into  the  sluices. 

Senator  Morgan.  Leaving  out  the  question  of  the  regulation  by 
valves,  or  whatever  it  is  he  has  got  in  there,  is  it  your  judgment  that 
a  lock  canal  at  a  level  of  60  feet  can  be  connected  with  a  sea-level 
canal  below  Gamboa,  or  in  the  vicinity  of  Gamboa,  and  carried  across 
the  Chagres  River  on  a  viaduct? 

General  Davis.  No,  sir ;  I  do  not  think  it  can  be  on  a  viaduct.  By 
the  word  "  viaduct "  you  mean  what  in  other  parlance  you  might  call 
a  flume,  made  of  concrete  ? 

Senator  Morgan.  Yes. 

General  Davis.  In  which  the  navigation  would  be  conducted,  while 
the  flow  of  the  river  would  pass  under  it.  That  is  what  we  under- 
stand by  "  viaduct "  in  that  sense. 

Senator  Morgan.  The  regulation  flow — ^that  is,  the  overflow 

General  Davis.  The  spilled  water  of  the  river  above  to  pass  under 
the  viaduct. 

Senator  Morgan.  It  would  not  fill  the  viaduct  if  it  passed  under  it. 

General  Davis.  It  would  pass  underneath  it  entirely  and  have  no 
connection  with  it.  You  see  that  in  hundreds  of  cases  of  our  own 
canals  all  over  the  country  when  the  stream  coming  from  the  hills 
pavsses  under  the  canal. 

Senator  Morgan.  I  understand  that ;  but,  leaving  the  dam  at  Gam- 
boa, as  it  is  projected  by  the  majority  of  the  Board  of  Consulting  En- 
gineers, of  the  same  height  and  thickness  and  width  and  everything 
of  that  sort;  impounding  the  waters  to  the  extent  that  you  have 
already  described  in  your  deposition ;  is  it  practicable  to  locate  two 
locks  in  the  vicinity  of  Gamboa,  between  that  and  Matachin,  having 
80- foot  lifts,  so  as  to  make  a  60- foot  transit  across  the  Chaffres  River 
at  that  place  through  a  viaduct,  leaving  the  regulation  works  out  en- 
tirely, and  leaving  them  to  be  disposed  of  by  some  other  proce>5? 
Can  two  locks  be  put  in  there,  in  your  judgment,  to  raise  the  level  of 
the  canal  to  60  feet  above  sea  level,  convey  the  water  across  the  Cha- 
gres River  and  on  out  to  Miraflores?     Is  that  practicable? 

General  Davis.  I  do  not  think  it  is,  Senator. 

Senator  Morgan.  You  think  not? 
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General  Davis.  No;  I  do  not  think  it  is.  The  trouble  with  your 
viaduct  is  that  it  is  not  high  enough ;  it  is  not  high  enough  up.  . 

Senator  Morgan.  Far  enough  upstream? 

General  Davis.  Xo,  sir;  not  sufficiently  elevated.  It  is  not  raised 
enough  to  serve  the  best  purpose.  In  other  words,  you  do  not 
gain  anything  by  using  it.  \  ou  would  a  ereat  deal  better  come 
up  with  a  lock  canal  along  the  valley  of  the  Chagres,  coming  up  with 
your  locks,  one  or  two  below  Gamboa  and  one  at  Obispo,  and  throw  out 
the  viaduct  altogether,  because  it  does  not  seem  to  me  that  the  viaduct 
fulfills  any  useful  purpose  in  that  connection. 

Senator  Morgan.  Is  such  a  plan  as  you  have  just  suggested  prac- 
ticable, at  a  60- foot  level! 

General  Davis.  No,  sir;  I  should  go  higher. 

Senator  Morgan.  Haw  much  higher? 

General  Davis.  To  90  feet,  if  you  must  make  a  lock  canal;  and  I 
have  a  little  something  to  say  about  that,  if  you  wish  to  hear  it. 

Senator  Kittredge.  You  mean,  along  the  line  of  the  Menocal  plan? 

General  Davis.  No,  sir. 

Senator  Kittredge.  That  is  some  other  feature? 

General  Davis.  This  is  entirely  separate  and  distinct. 

The  most  readily  transformable  lock  canal  that  I  can  think  of 
would  have  about  90  feet  for  summit  level,  one  lock  of  30  feet,  say  at 
San  Pablo 

Senator  Morgan.  That  is  between  Matachin  and  Gamboa,  is  it  not? 

General  Davis  (indicating  on  map).  There  is  Bohio;  there  is  San 
Pablo,  and  here  is  Gamboa;  just  aoout  halfway.  The  other  day  I 
said  it  was  about  one-third  of  the  way.    It  is  about  halfway. 

Senator  Kittredge.  How  many  miles  north  of  Gamboa  is  San 
Pablo? 

General  Davis.  San  Pablo  is  halfway  between  24  and  25;  the 
Chagres  at  Gamboa  is  halfway  between  30  and  31. 

Senator  Kittredge.  About  7  miles? 

General  Davis.  It  is  6  miles,  about. 

I  was  just  saying  that  the  most  readily  transformable  lock  canal 
that  I  can  think  of  would  have  about  90  feet  for  summit  level,  one 
lock  of  30  feet,  say  at  San  Pablo,  another  2  or  3  miles  above,  and  a 
third  at  Obispo  on  the  Atlantic  side,  with  the  same  number  on  the 
Pacific  side,  the  most  southerly  one  at  Miraflores — all  the  locks 
practically  on  sea-level  line. 

Senator  Morgan.  What  would  be  the  lift  of  those  locks? 

General  Davis.  Thirty  feet  each — 90  feet. 

Senator  Morgan.  That  would  be  90  feet  elevation  ? 

General  Davis.  Yes,  sir. 

The  cost  of  the  locks  and  spillways  would  be  in  the  neighborhood 
of  40  million  dollars 

Senator  Morgan.  The  three  locks? 

General  Davis.  Six  double  locks. 

Senator  Kittredge.  How  does  that  cost  compare  with  the  cost  of 
the  locks  at  Gatun  and  at  Miraflores 

General  Davis.  It  is  more  or  less  the  same.  I  have  made  it  a  little 
higher  than  their  figures.     They  are  all  separate,  you  know. 

Senator  Kittredge.  I  understand. 

General  Davis.  There  are  none  of  them  associated  together.  They 
are  not  in  steps. 
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Senator  Morgan.  They  are  not  in  flights? 

General  Davis.  No,  sir;  they  are  not  in  flights,  like  a  staircase. 

The  cost  of  the  locks  and  spillways  woula  be  in  the  neighborhood 
of  40  million  dollars,  or,  if  not  in  pairs,  about  20  million,  while  the 
saving  in  excavation  and  tidal  lock,  covered  by  sea-level  estimate. 
woulcT  probably  reach  100  million,  resulting  in  a  net  saving  of  about 
00  million  in  the  one  case  and  80  million  in  the  other;  but  these  fi^ires 
are  but  a  very  rough  approximation.  It  might  possibly  be  finished 
in  three  or  four  years  less  time  than  the  sea-level  work,  or  in  five 
years  if  single  loclts  were  used. 

Single  locks  are  not  suggested  as  desirable;  but  as  such  a  lock 
canal  would  be  a  provisional  aff'air,  to  be  replaced  by  the  ideal  type 
within  a  few  vears,  single  locks  might  be  tolerated  for  those  years, 
during  which  it  may  be  expected  the  traffic  will  not  be  large. 

I  think  that  is  a  correct  statement.  The  traffic  in  anj'  canal  or  work 
of  that  kind  will  not  jump  to  enormous  proportions  at  once. 

To  transform  such  a  waterway  into  on6  at  sea  level  would  cost  200 
million,  unless  devices  for  excavation  and  removal  should  be  greatly 
improved  over  present  types  and  methods. 

The  only  arguments  in  favor  of  the  provisional  arrangement  are 
present  decreased  cost  and  a  few  years'  saving  in  time.  Ultimately 
the  cost  will  be  very  greatly  augmented. 

Senator  Morgan.  Your  proposition,  then,  or  j'our  conclusion  is 
that  no  lock  canal  can  be  constructed,  we  will  say,  between  Gamboa 
and  Miraflores  to  be  supplied  by  the  waters  of  the  Chagres  at  a  level 
lower  than  90  feet? 

General  Davis.  Oh,  yes;  it  could  be  done,  but  it  would  not  be  as 
good  a  canal  as  this.  It  could  be  done.  There  is  no  doubt  about 
your  being  able  to  do  it,  but  the  viaduct  idea  would  be  of  no  use  to 
you. 

Senator  Morgan.  I  understand.  Leaving  out  that  entirely,  I  am 
speaking  of  a  lock  canal  40  feet  deep  and  of  the  width  as  proposed 
by  the  minority. 

General  Davis.  That  is  what  is  contemplated. 

Senator  Morgan.  Could  such  a  canal  as  that  be  constructed  at  a 
lower  level  than  90  fe«t  to  be  supplied  by  the  waters  from  the  Gram- 
boa  Lake  at  a  lower  level  than  90  feet  above  sea  level  ? 

General  Davis.  Oh,  yes,  sir.  On  this  map  that  was  covered  up 
just  now  the  widths  are  all  exaggerated,  so  that  it  is  not  to  a  natural 
scale.  By  bringing  a  sea  level  to  this  point,  which  is  just  above 
Obispo,  putting  a  lock  there,  which  is  shown  on  this  map,  and  another 
lock  there,  which  is  shown  on  this  same  map,  jou  then  reach  60  feet 
above  the  sea  and  pass  through  the  Culebra.  At  Paraiso  you  put  in 
another  lock  here  and  drop  down,  and  a  mile  below  another  lock  here, 
at  Pedro  Miguel,  and  then  you  have  a  sea  level  Pacific  marine  section. 

Senator  Morgan.  That  would  be  how  many  locks? 

General  Davis.  Four  at  30  feet. 

Senator  Morgan.  Four  twin  locks? 

(leneral  Davis.  Yes.  But  it  would  not  save  a  great  deal  of  exca- 
vation, because  they  are  separated  and  the  bottom  of  the  canal  will 
only  be  20  feet  above  the  level  of  the  sea. 

Senator  Morgan.  Twenty  feet  at  90- foot  elevation  ? 

General  Davis.  Xo,  sir.  With  a  60- foot  elevation  the  bottom  of  tlie 
canal  would  onlv  be  20  feet  above  the  level  of  the  sea. 
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Senator  IIoroan.  And  how  much  with  a  90- foot  elevation? 
General  Davis.  Thirty  feet  more — 50  feet. 

Senator  Morgan.  Yes. 

General  Davis.  I  made  a  profile  of  this  to  see  how  it  looked ;  but 
after  I  had  the  profile  made  I  discovered  the  idea.  You  come  up 
with  the  sea-level  idea,  say  to  here  [indicating] ;  then  you  come  up 
30  feet;  then  you  come  up  30  feet  more,  like  that;  then  you  go 
through ;  then  you  drop  down  30 ;  then  you  drop  30  more,  and  aJj 
there  is  left  to  take  out  is  a  comparatively  small  amount.  To 
save  excavation  and  to  save  time  as  respects  the  Culebra,  two  of  the 
locks  should  be  a  little  outside  of  Gamboa — that  is,  north  of  Gamboa, 
probably  at  San  Pablo  and  Matachin,  for  example,  two  of  them,  and 
a  third  one  at  Obispo.  That  brings  you  up  to  90  feet.  That  will 
save  more  money. 

Senator  Morgan.  The  main  point  in  my  mind,  at  least,  about  the 
whole  matter,  is  whether  or  not  a  lock  canal  can  be  constructed  be- 
tween Gamboa  and  Miraflores  to  be  fed  by  the  waters  from  Lake 
Gamboa. 

General  Davis.  Oh,  there  is  not  a  doubt  about  that.  There  is  three 
and  a  half  times  as  much  water  for  feeding  that  lock  canal  as  the  lock 
l)eople  have  from  Lake  Gatun. 

Senator  Morgan.  But  your  present  conclusion  would  be  that  it 
would  require  at  least  four  locks? 

General  Davis.  To  make  it  the  most  economical  type  of  canal — 
I  mean  to  save  the  most  money  and  the  most  time  now,  not  looking 
to  the  future,  but  now,  and  to  make  it  one  that  is  transformable. 

Senator  Morgan.  Yes. 

General  Davis.  I  regard  that  as  fundamental. 

Senator  Morgan.  Yes. 

General  Davis.  The  lock  people,  you  know,  do  not  regard  the  idea 
of  transformability  as  of  any  importance.  They  reject  that.  They 
say,  "A  lock  canal  built  now  should  be  built  for  a  long  time  to  come." 
I  tiike  the  other  view  as  to  that — that  we  should  construct  no  canal 
whatever  that  is  not  readily  adaptable  to  transformation. 

Senator  Morgan.  That  the  country  will  as  last  come  to  the  proposi- 
tion of  a  sea-level  canal? 

General  Davis.  Well,  of  course  it  is  foolish  to  prophesy;  but  I 
think  there  is  no  doubt  about  that. 

Senator  Morgan.  We  are  all  necessarily  compelled  to  rely  upon 
conjecture  or  calculation  as  to  what  is  to  occur  hereafter.  That  is 
the  trouble  we  are  in  to-day ;  we  are  trying  to  find  out  what  is  best  to 
be  done  with  reference  to  future  conditions.  So  that  if  the  Govern- 
ment should  come  to  the  conclusion  that  a  sea-level  canal  from  the  Bay 
of  Limon  to  the  vicinity  of  Gamboa  and  a  sea-level  canal  from  the 
Bay  of  Panama  to  the  vicinity  of  Miraflores  should  be  fixed  upon  as 
an  established,  permanent  proposition,  you  think  that  a  lock  canal 
is  practicable  between  Gamboa  and  Miraflores,  to  be  fed  by  the  waters 
of  Lake  Gamboa  ? 

General  Davis.  I  have  not  a  doubt  of  it;  not  a  doubt  of  it. 

Senator  Morgan.  I  afn  putting  this  proposition  before  the  com- 
mittee and  before  the  Senate  with  a  view  to  ascertaining  whether 
there  is  any  middle  ground  that  can  be  taken  by  the  Congress  between 
the  sea-level  advocates  and  those  who  wish  to  make  the  lock  canal  as 
ENG  1  c— 06 61 
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a  permanent  establishment,  and  extend  the  flow  of  water  by  means 
of  the  dam  at  Gatun  clear  across  to  Miraflores. 

General  Davis.  Yes,  sir. 

Senator  Morgan.  There  is  evidently  a  contrariety  of  opinion  as  to 
which  of  the  two  propositions  is  the  safe  one  and  the  better  one,  and  I 
was  trying  to  find  whether  there  was  a  middle  jjround  that  could  be 
taken,  establishing  a  sea-level  canal  from  the  Say  of  Limon  to  the 
vicinity  of  Gamboa  and  from  the  Bay  of  Panama  to  the  vicinity-  of 
Miraflores,  the  interval  to  be  supplied'  with  a  lock  canal  to  be  fed  by 
the  waters  of  Lake  Gamboa,  as  we  call  it. 

General  Davis.  Yes,  sir. 

Senator  Morgan.  That  was  what  I  was  trying  to  bring  to  the  at- 
tention of  the  country. 

General  Davis.  Yes,  sir. 

Senator  Morgan.  I  do  not  know  that  I  have  any  occasion  to  press 
that  question  any  further  upon  the  attention  of  General  Davis,  unless 
some  member  of  the  committee  wants  to  ask  about  it. 

General  Davis.  There  is  just  one  word,  Mr.  Chairman,  that  I 
might  say  as  bearing  upon  remarks  made  formerly  (that  is,  Friday) 
in  this  committee  respecting  the  idea  of  waiting  to  see  the  result  of 
this  excavation  as  regards  the  necessity  for  a  tidal  lock — ^that  was  one 
of  the  points — so  as  to  ascertain  what  rate  of  progress  might  be 
attained  in  the  excavation,  the  idea  being  that  the  work  as  it  pro- 
gressed might  furnish  examples  and  demonstration,  and  that  the  nnal 
realization  of  the  sea-level  plan  would  thus  be  made  manifest. 

That  is  all  right,  but  you  can  not  wait  very  long  before  you  deter- 
mine definitely  the  matter  of  type.  '  You  can  not  wait  very  long,  for 
it  is  going  to  take  a  good  while  to  build  those  locks.  You  can  not 
afford  to  stand  still  on  the  lock  proposition,  waiting  to  see  how  well 
you  get  on  in  excavation.  In  other  words,  you  must  begin  at  once 
to  make  those  lock  pits.  It  is  going  to  reauire  the  removal  of  an  enor- 
mous amount  of  earth  to  get  a  pit  in  which  to  put  the  locks.  It  is 
going  to  take  two  or  three  years  to  make  the  lock  pits. 

Senator  Kittredge.  You  mean  the  excavation  ? 

General  Davis.  Yes;  the  excavation  for  the  locks  is  going  to  take 
two  or  three  years.  The  minority  estimate  it  will  take  four  years 
to  make  the  Gatun  locks,  or  three  and  a  half — I  have  forgotten  now 
whether  it  is  three  and  a  half  or  four.  So,  if  you  are  looking  ahead 
to  a  date  when  you  can  see  your  canal  completed,  you  can  not  afford 
to  wait  very  long  before  you  begin  to  build  your  locks.  It  will  take 
a  good  manv  months  and  years  to  do  that.  Therefore  that  phase  of 
the  matter  should  not  be  overlooked. 

Senator  Morgan.  I  suppose  you  have  some  conception  (perhaps  not 
a  calculation)  of  how  long  you  would  have  to  wait  before  you  could 
determine  whether  you  would  make  a  sea-level  cut  between  Gamboa 
and  Miraflores,  or  wherever  you  would  interpose  a  lock  canal? 

General  Davis.  Yes;  of  course  I  could  not  say  about  that  I 
only  know  that  the  engineers  who  are  going  to  build  that  canal 
ought  to  know  as  soon  as  possible  whether  they  are  going  to  build 
locks  or  not.  They  ought  to  know  that.  As  to  the  idea  mat  is  ex- 
pressed in  this  paper  about  a  provisional  canal,  I  myself  think  that 
for  twenty  years  after  the  canal  is  opened  a  single  lock  will  serve 
all  or  nearly  all  the  purposes.  A  single  lock  served  at  the  Soo,  vou 
know,  from  1855  to  1886, 1  think  it  was,  or  1882.  I  have  f orgotten*the 
vear  now. 
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Senator  Moroa^.  Until  the  commerce  got  so  great 

General  Davis.  Until  the  commerce  got  so  great  as  to  force  them 
to  build  larger. ones.  Now,  if  you  build  a  single  lock  it  will  prob- 
nblv  pass  all  the  shipping  that  will  present  itself  there;  certainly  it 
will  pass  all  that  is  likefy  to  come  in  the  next  twenty  years.  And 
even  if  it  was  attended  with  some  difficulty  or  some  delav  you  would 
be  so  much  better  off  even  with  that  sort  of  a  plan  tnan  you  are 
without  any  that  you  would  be  willing  to  tolerate  some  inconven- 
ience and  then  look  to  the  ultimate,  which  is  the  taking  away  of  these 
provisional  locks  and  going  down  to  sea  level.  I  am  not  a  lock  man, 
as  you  know,  and  I  am  only  speaking  of  this  as  something  that  is  a 
sort  of  a  forced  compromise. 

Senator  Morgan.  The  situation  is  such  and  the  contrariety  of 
opinion — at  least  as  I  believe  it  to  be — at  this  board  is  so  great  that 
it  is  worth  while  to  look  for  some  plan  that  will  cause  the  opposing 
and  antagonistic  views  to  meet.  1  think  it  worth  while,  so  I  have 
been  trying  to  look  into  the  question  to  see  what  the  possibilities  are 
in  regard  to  the  construction  of  the  canal. 

General  Davis.  I  should  not  think  you  ought  to  take  my  offhand 
opinion  on  this  subject  as  settling  any  question  of  cost  or  expense  or 
time. 

Senator  Morgan.  Oh,  no;  I  am  not  trying  to  hold  you  to  it  as  a 
^ttled  and  fixed  opinion  at  all.  While  it  is  not  conjectural,  it  is  the 
statement  of  opinion  of  one  who  knows  all  about  the  local  situation, 
which,  of  course,  the  committee  can  not  know  personally. 

General  Davis.  In  the  course  of  ten  days,  I  suppose,  a  computation 
■could  be  made  so  as  to  give  you  figures  as  exact  as  those  the  majority 
and  the  minority  have  given  you. 

Senator  Morgan.  Yes. 

We  have  been  speaking  in  the  course  of  this  general  examination 
of  the  necessity  for  a  change  in  the  roadbed  of  the  railroad.  I  have 
not  as  yet  been  informed  as  to  what  change  is  proposed  to  be  made  or 
the  necessity  for  it.  The  railroad  as  it  is  now  built  runs  up  to 
Barbacoas  and  there  it  crosses  the  Chagres  River? 

General  Davis.  Yes,  sir. 

Senator  Morgan.  From  the  right  bank  of  the  Chagres  to  the  left 
bank? 

General  Davis.  That  is  right. 

Senator  Morgan.  How  far  does  that  railroad  pursue  what  we 
might  call  the  valley  of  the  Chagres  before  it  leaves  and  goes 

Creneral  Davis.  It  crosses  at  mile  24,  and  comes  on  here.  Now,  to 
what  point,  Senator?  You  say  how  far  is  it  from  where  it  crosses 
to  what  point  ? 

Senator  Morgan.  To  Miraflores. 

General  Davis.  Miraflores  is  at  mile  41 — 17  miles. 

Senator  Morgan.  The  length  of  the  railroad  from  the  time  it 
crosses  the  Chagres  at  Barbacoas  until  it  reaches  Miraflores  is 

General  Davis.  Is  20  miles. 

Senator  Morgan.  Is  20  miles;  and  that  is  to  the  westward  of  the 
canal  line? 

General  Davis.  It  is  at  the  westward  of  the  canal  line,  except  that 
at  mile  39  the  present  railroad  track  recrosses  the  line  of  the  canal, 
and  from  that  continues  on  the  northern  side  of  the  canal  line  all  the 
way  td  the  city  of  Panama. 
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Senator  Morgan.  So  that  the  railroad  as  at  present  constructed 
would  cross  the  canal  line  at  two  places — first  at  Bafbacoas  and  after- 
wards go  back  ? 

General  Davis.  Yes,  sir;  and  afterwards  co  back  on  to  the  same 
side  again  just  here  between  Pedro  Miguel  and  Paraiso. 

Senator  Morgan.  Now,  please  indicate  what  change  is  to  be  made 
in  the  location  of  the  line  of  the  railroad  in  the  heights  there  between 
Gamboa  and  Miraflores. 

General  Davis.  I  think  it  is  agreed  by  all  engineers  who  have 
studied  the  matter,  and  I  think  they  all  admit  this  is  a  fact,  that  the 
railroad  may  stay  just  where  it  is  until  you  are  ready  to  open  the 
canal  for  traffic.  Of  course  you  will  have  a  high  bridge  across  here 
at  Pedro  Miguel,  and  you  will  have  a  suitable  crossing  here  at  Bar- 
bacoas,  perhai)s  with  a  draw  in  it,  so  that  the  dredges  can  go  back- 
ward and  forward.  But  I  think  that  we  all  agree  that  the  railroad 
track  may  stay  where  it  is  until  your  canal  is  ready  for  use  as  a  canal. 

Senator  Morgan.  Having  draws  to  allow  the  passage  of  the 
dredges  ? 

General  Davis.  Yes;  during  construction. 

Senator  Kittredge.  That  is  on  the  $ea-level  plan.  General  ? 

General  Davis.  Yes ;  on  the  sea-level  plan,  and  I  do  not  know  but 
I  should  say  on  the  lock  plan,  except  that  on  the  lock  plan,  so  far  as 
Lake  Gatun  is  concerned,  when  that  lake  is  filled  (which  would 
not  be  until  just  before  the  canal  was  opened)  the  railroad  must  then 
be  carried  around  the  margin  of  the  lake  and  must  keep  away  from 
it.  It  is  the  proposition  of  the  lock-canal  advocates  to  divert  the 
railroad  from  Gatun  and  keep  on  nearly  uniform  ground,  or,  rather, 
ground  above  the  proposed  level  of  the  Gatun  Lake,  and  so  swing 
around  in  here,  crossing  the  Chagres  just  below  Gamboa,  where  the 
Frenchmen  built  the  railroad  bridge  which  some  of  you  gentlemen 
have  seen. 

Senator  Morgan.  That  will  be  on  a  bridge? 

General  Davis.  That  will  cross  on  an  iron  or  steel  bridge  that  is 
there  now,  and  then  swing  along  on  these  hills,  winding  around, 
avoiding  grades,  and  so  on  down  until  you  come  to  Pedro  Miguel ;  and 
then  it  will  run  where  it  was  first  intended  to,  and  where  it  has  b^en 
all  the  time,  to  Panama. 

Senator  Kittredge.  That  contemplates,  then 

General  Davis.  A  long  diversion. 

Senator  Kittredge.  Practically  a  diversion  for  practically  the  en- 
tire length  of  the  line  ? 

General  Davis.  Yes. 

Senator  Kittredge.  That  is,  from  Gatun  to  Miraflores? 

General  Davis.  Yes;  or  from  Gatun  to  Pedro  Miguel.  It  con- 
templates a  diversion  all  that  distance. 

Senator  Kittredge.  And  the  abandonment  of  the  villages  and 
tracks  betw  een  those  points  ? 

General  Davis.  Oh,  yes ;  certainly.  ^ 

Senator  Morgan.  It  is  practically  the  construction  of  a  new  road? 

General  Davis.  Yes. 

Senator  Morgan.  From  Gatun  to  Miraflores? 

General  Davis.  Yes ;  that  is  what  it  is. 

Senator  Morgan.  And  on  the  opposite  side  of  the  canal  from  where 
it  is  located  at  present? 
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General  Davis.  Yes,  in  part. 

Now,  as  a  sea-level  proposition,  the  railroad  question  seems  to  be 
this :  During  construction  the  railroad  is  going  to  be  of  immense  im- 
portance, 01  very  great  importance.  After  the  canal  is  finished  the 
railroad  is  simply  going  to  be  a  convenience  and  of  minor  importance, 
but  still  it  will  have  to  be  kept  up.  Probably  it  will  be  a  trolley  road. 
It  will  not  be  a  freight  road  except  for  small,  local  freight ;  but  it 
will  be  a  convenience  to  the  inhabitants  and  to  the  canal  officials,  and 
enable  them  to  get  quickly  from  one  side  to  the  other  of  the  Isthmus. 

AVhen  the  sea-level  canal  is  made,  it  has  always  been  contemplated 
^hat  from  Barbacoas  the  sea-level  canal  would  be  laid  right  on  the 
levee  alongside  of  the  canal,  close  to  it,  right  along  what  you  might 
call  (speaking  of  canals  as  they  exist  in  this  eastern  country)  the 
"  towpath." 

Senator  Morgan.  And  through  from  ocean  to  ocean  ? 

General  Davis.  Yes.  I  would  not  move  it  down  here  [indicating]  ; 
but  from  Barbacoas  on  it  would  simply  be  run  right  along  on  the 
edge  of  the  navigated  sea-level  canal  until  you  got  into  Culebra,  and 
then  it  would  go  right  through  on  that  bottom  terrace. 

Senator  Morgan.  Without  crossing  the  canal  ? 

General  Davis.  Xo,  sir;  you  could  not  cross  it  anywhere  at  all. 
It  would  follow  right  through  on  the  bottom  terrace  of  the  Culebra 
excavation. 

Senator  Morgan.  That  would  involve  also  the  reconstruction  of 
the  railroad  ? 

General  Davis.  It  would  involve  the  laying  of  the  track  on  a  grade 
already  prepared. 

Senator  Morgan.  That  means  reconstruction? 

General  Davis.  Yes,  sir;  it  would  be  a  new  track — the  old  rails 
simply  shifted  over. 

Senator  Hopkins.  In  both  instances,  then,  it  would  be  practically 
a  reconstruction  of  the  road,  would  it  not? 

General  Davis.  In  one  case  it  would  involve  a  very*  large  amount 
of  CTading  and  in  the  other  the  grading  would  be  saved;  that  is  the 
difference;  and  the  miles  would  De  less  on  the  sea-level  idea  than  on 
the  lock  idea. 

Senator  Morgan.  But  in  either  case  it  is  contemplated  that  when 
the  canal  is  finished  the  railroad  will  become  worthless  except  as  a 
convenience  for  the  canal  ? 

General  Davis.  Yes — as  a  "  tender,"  you  might  say. 

Senator  Morgan.  And  it  would  cease  to  be  a  channel  of  commercial 
intercommunication  between  the  oceans? 

General  Davis.  Quite  so;  quite  so.  It  would  be  similar  to  the 
railroad  that  now  traverses  the  whole  Suez  Canal  from  end  to  end; 
it  has  a  meter  gauge. 

Senator  Morgan.  Has  this  subject,  within  your  knowledge,  ever 
l>een  brought  to  the  attention  of  the  Government  of  Panama — the 
fact  that  on  the  completion  of  the  canal  they  would  lose  all  advan- 
tage of  the  railroad  as  a  freight  transporter,  as  a  business  line  of 
intercommunication  between  Panama  and  Colon?  Has  that  ever 
been  discussed? 

General  Davis.  It  would  or  it  would  not  be  lost,  depending  upon 
the  policy  of  the  United  States.  If  the  United  States  ran  trains 
there,  they  could  charge  fares  to  the  people  who  used  it,  and  they 
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could  charge  for  carrying  packages,  small  amounts  of  freight  that 
it  might  be  wished  to  ship  from  one  merchant  to  another.  It  would 
be  very  small. 

Senator  Morgan.  But  the  canal  would  supplement  the  railroad? 

General  Davis.  Oh,  yes. 

Senator  Morgan.  For  the  comm.ercial  convenience  of  Colon  and 
Panama  ? 

General  Davis.  Oh,  yes;  the  canal  would  be  open  for  any  kind  of 
vessels  that  wished  to  navigate  it,  small  or  large.  The  Suez  Canal 
is.  Even  sailboats  are  now  going  through  Suez,  you  know — little 
yachts,  and  naphtha  launches,  and  all  that  sort  of  thmg. 

Senator  Morgan.  My  recollection  of  the  Hay-Varilla  treaty  is  that 
that  canal  is  to  be  open  for  the  use  of  the  people  of  Panama  or  the 
Government  of  Panama  without  anv  charge  for  its  use. 

General  Davis.  I  have  not  its  verbiage  exactly  in  my  mind,  but  I 
think  that  provision  relates  to  the  present  custom  of  giving  passes 
to  officials  of  the  Panama  Government  and  employees  of  the  Panama 
Government. 

Senator  Morgan.  I  doubt  not  that  it  did  relate  to  that  in  the 
minds  of  the  negotiators  of  that  treaty ;  but  I  called  attention  at  the 
time  to  the  fact  that  the  language  was  so  broad  that  it  put  us  under 
the  obligation,  in  my  judgment  (at  least  that  is  my  present  opinion), 
of  transporting  all  vessels  of  every  description  that  might' be  called 
national  vessels  of  Panama  through  the  canal,  backward  and  forwards 
without  any  charges  for  lockage  or  anything  else. 

General  Davis.  I  think  that  would  bie  the  case  if  they  were  national 
vessels  and  had  no  commercial  character.  But  if  they  were  engaged 
in  commerce,  I  think  not. 

Senator  Morgan.  That  clears  up  the  situation  so  far  as  the  rail- 
road matter  is  concerned,  in  my  mind,  at  least.    I  had  it  confused. 

General  Davis.  You  spoke  about  the  necessity  for  double  tracking, 
did  you  not — that  you  could  not  understand  the  necessity  for  double 
tracKing  ? 

Senator  Morgan.  We  have  spoken  of  that  heretofore;  but  the 
double  tracking  that  is  to  be  put  on  the  railroad  is  evidently  for 
temporary  use. 

General  Davis.  Yes ;  that  is  it. 

Senator  Morgan.  For  purposes  of  transporting  and  hauling  for 
the  canal. 

General  Davis.  Yes. 

Senator  Morgan.  And  accommodating  the  commerce  that  now 
exists. 

General  Davis.  Yes;  that  is  right. 

Senator  Morgan.  So  that  in  me  contemplation  of  both  plans,  the 
sea-level  plan  and  the  lake  or  lock  plan,  the  railroad,  at  the  com- 
pletion 01  the  canal,  is  expected  to  cease  to  be  an  important  factor  in 
commerce  between  the  oceans? 

General  Davis.  I  think  so;  I  have  no  doubt  of  that.  It  will  be 
maintained  as  a  trolley  line. 

Senator  Morgan.  So  that  that  sacrifice,  if  we  may  call  it  such,  is 
to  be  added  to  the  cost  of  either  system  of  canalization,  either  by  the 
lock  system  or  the  sea-level  system! 

General  Davis.  Yes,  sir. 
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Senator  Morgan.  I  do  not  know  of  any  other  general  topic  on 
which  I  wish  to  ask  the  General  any  particular  questions.  There 
may  be  some  explanations  that  he  wants  to  give  of  his  deposition  as 
to  matters  that  may  have  escaped  our  attention  and  his  at  the  time. 
If  so,  General,  you  will  please  proceed  to  state  them. 

General  Davis.  I  have  made  a  few  notes  of  matters  that  have  oc- 
curred to  me  in  the  reading  of  the  testimony  of  others  as  bearing 
upon  administration,  not  as  affecting  the  type  of  the  canal  at  all,  but 
administration.  Some  of  them  have  been  covered  in  the  examination 
already  had,  and  others  have  not,  and  I  do  not  know  that  there  is 
any  very  great  importance  in  any  of  these  that  I  have  made  a  note  of. 
I  will  refer  to  a  few. 

One  subject  that  was  discussed  in  this  committee,  and  in  regard  to 
which  several  questions  were  asked  of  Governor  Magoon,  was  the 
matter  of  allotments  of  pay  by  employees  to  their  families  in  the 
United  States. 

Senator  Morgan.  Yes. 

General  Davis.  I  have  had  some  personal  experience  in  regard  to 
that  matter  in  the  Philippines.  Until  two  or  three  years  ago  (I 
have  forgotten  the  date  now)  it  was  customary  to  allow  soldiers — I 
do  not  think  officers  were  included — to  allot  a  certain  percentage  of 
iheir  pay  to  their  families  in  the  United  States.  That  was  continued 
during  my  time  in  the  Philippines,  although  I  think  it  has  since 
been  discontinued.  It  involves  considerable  clerical  and  adminis- 
trative work  and  some  difficulties  which  do  not  appear  on  the  surface. 

A  man  who  is  employed  by  the  United  States  at  a  stated  salary 
may  be  expected  to  have  a  credit  at  the  end  of  every  month  to  the 
amount  of  his  pay,  and  that  is  the  presumption  when  an  arrange- 
ment is  made  for  an  allotment.  But  a  man  in  the  Philippines,  7,000 
or  9,000  miles  away,  deserts  or  dies  or  is  fined  by  a  court-martial  in 
respect  to  his  pay,  so  that  he  has  no  pay  coming  to  him;  then  the 
allotment  immediately  falls.  But  as  the  distance  is  so  great,  it  is 
necessary  to  inform  the  accounting  officers  in  Washington  by  cable 
every  time  a  man's  pay  status  changes  in  the  way  or  reduction  of 
pay-^o  you  catch  the  idea  ? — and  that  cabling  bill  in  the  Philippines 
m  respect  to  soldiers'  allotments  was  a  very  large  one. 

It  cost  the  Government  a  great  deal  of  money  to  keep  the  Paymaster 
in.  Washington  informed  in  regard  to  the  many,  many,  many  cases 
of  men  whose  pay  status  was  entirely  changed.  The  orders  of  the 
War  Department  were  such  that  it  was  made  obligatory  upon  the 
commanding  general  and  those  who  were  under  his  orders  to  inform 
the  War  Department  in  every  case;  and  if  there  was  any  omission, 
and  the  information  was  not  sent  that  the  man  had  died  or  deserted 
or  been  fined  by  a  court,  the  commanding  general  or  the  officer  at 
fault  had  to  pay  that  money.     That  has  been  done  time  and  again. 

So  that  if  you  establish  a  system  of  allotments  for  the  employees 
at  Panama,  vou  must  also  have  a  system  of  checks  or  reports  that 
will  reach  Washington  before  the  time  comes  for  the  Washington  dis- 
bursing officer  to  send  out  the  check  to  the  man's  family.  And  that 
comes  to  the  question  of  the  cable,  which  I  think  is  an  important 
matter. 

At  present  there  is  cable  communication  with  the  Isthmus  by  way 
of  Mexico  and  Central  America,  frequently  called  the  "  Galveston 
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Line."  The  name  of  it  is  the  Central  and  South  American  Cable 
Companj^.  There  also  used  to  be  communication  with  Panama  on 
the  Caribbean  side  by  the  line  of  a  British  company,  called  the 
West  India  and  Panama  Direct  Line;  but  that  went  down  some 
months  ago,  and  it  has  not  been  brought  up  since. 

Senator  Morgan.  ^\Tittt  made  it  go  down  ? 

General  Davis.  Oh,  I  do  not  know.  They  are  going  down  all  the 
time,  and  it  did  not  pay.  The  whole  matter  was  uiat  it  did  not  pay, 
because  the  Central  anS  South  American  cable  had  made  a  very  low 
rate  (that  is,  25  cents  a  word)  for  Government  messages — not  for 
private  messages,  but  for  Government  messages.  They  made  a  rate 
of  25  cents  a  word,  so  we  have  been  using  that  cable  since ;  and  there 
was  not  enough  business  so  that  the  British  line  cared  to  go  to  the 
trouble  of  raising  that  cable  and  J^plicing  it.  It  went  down  some- 
where south  of  Jamaica ;  I  have  forgotten  where. 

A  proposition  has  recently  been  made,  and  is  now  pending  in  Con- 
gress, to  build  a  Government  line  for  military  and  naval  purposes, 
connecting  Key  West  or  some  point  on  the  coast  with  Colon.  I  think 
that  is  a  very  worthy  suggestion,  a  very  excellent  idea;  and  it  will 
permit  free  and  constant  communication.  It  is  a  militarv  instrument 
of  great  importance,  and  in  time  of  war  would  be  oi  the  utmost 
importance.  It  will  also  enable  the  employees  of  the  United  States 
on  the  Isthmus  to  communicate  with  their  families  speedily  without 
paying  this  enormous  charge.  That  is,  I  think  the  Government 
ought  to  permit  its  own  employees  to  use  such  a  cable  at  a  nominal 
rate ;  and  now  it  is  a  very  expensive  one. 

That  is  all  I  care  to  say  on  that  subject. 

Senator  Morgan.  Was  not  this  cable  between  Jamaica  and  the 
coast  down  there  broken  at  the  time  of  this  recent  earthquake  ? 

General  Davis.  Oh,  no,  no ;  it  was  a  year  ago — a  year  ago. 

Senator  Taliaferro.  General,  I  will  state  that  a  favorable  report 
has  been  authorized  on  a  bill  to  construct  a  cable  from  Key  West  by 
way  of  Guantanamo  and  Porto  Rico,  and  presumably  on  to  the 
Isthmus. 

General  Davis.  It  is  a  very  excellent  idea. 

Senator  Taliaferro.  While  you  are  on  that  point  of  allotments,  is 
there  any  reason  why  an  employee  should  not  be  paid  in  a  Treasury 
draft  on  the  Isthmus? 

General  Davis.  I  do  not  know  of  any  reason  in  the  world. 

Senator  Taliaferro.  Do  you  not  think  it  ought  to  be  done  ? 

General  Davis.  I  think  so.     I  said  so  here  the  other  day,  I  think. 

Senator  Taliaferro.  I  understood  you  to  say  so. 

General  Davis.  Oh,  I  think  so.  I  think  that  if  a  man  has  saved  up 
some  money  down  there,  even  though  he  was  paid  in  currency,  and 
wants  to  remit  that  money  home,  ne  ought  to  be  able  to  go  to  the 
paymaster  and  get  a  check  without  paying  any  premium  for  it. 

Senator  Taliaferro.  I  agree  with  you. 

General  Davis.  It  seems  to  me  it  is  one  of  the  simplest  kinds  of 
accommodation  that  the  Government  ought  to  give  its  employees. 

Senator  Morgan.  There  is  another  matter  suggested  to  my  mind  by 
your  statement  there,  and  that  is  the  apparent  necessity  of  having 
transactions  in  regard  t<J  the  payment  of  laborers  and  employees  of 
every  kind  finally  closed  at  the  Isthmws  without  their  being  referred 
here. 
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General  Davis.  That  is  the  way  it  is  done  now.  They  do  not  use 
:any  allotment  system  now. 

Senator  Morgan.  They  do  not? 

General  Davis.  Oh,  no;  but  some  gentleman  was  urging  that  there 
ought  to  be  a  system  of  allotments.  I  am  only  speaking  about  allot- 
inents  to  show  that  there  are  some  difficulties  attending  their  opera- 
tion. 

Senator  Morgan.  But  the  payments  now  can  be  made  to  all  classes 
of  employees,  and  their  accounts  all  settled  up  at  the  time  that  the 
payment  is  due  without  a  previous  audit? 

General  Davis.  Oh,  yes ;  certainly.  Thej^  are  now  settled  promptly. 
There  is  no  trouble  about  that. 

Senator  Taliaferro.  General  Morgan,  the  point  we  were  trying  to 
get  around  was  the  charge  made  by  the  banks  on  the  Isthmus  as 
exchange  where  an  employee  wanted  to  remit  part  of  his  money  home. 

Senator  Morgan.  I  unclerstand  that. 

Senator  Taliaferro.  That  charge  is  excessive. 

Senator  Morgan.  I  think  that  is  a  very  burdensome  exaction  upon 
the  employee. 

General  Davis.  I  have  been  in  the  Army  all  my  life,  and  I  have 
been  in  a  good  many  parts  of  the  world,  and  there  never  has  been  a 
time  when  I  or  anyone  under  me,  or  any  private  soldier  who  had  pay 
coming  to  him,  could  not  go  to  the  paymaster  and  get  a  check  on  Isew 
York  or  somewhere  to  send  his  money  home.  There  never  was  a  time 
when  that  could  not  be  done.  We  could  always  do  it,  and  I  think 
the  employees  on  the  Isthmus  ought  to  have  the  same  privilege. 

Senator  Taliaferro.  The  greater  the  conveniences  you  aflFord  them 
the  better  satisfied  they  will  be? 

General  Davis.  A^^ly,  certainly;  and  it  does  not  cost  anything  to 
do  that.  It  makes  necessary  the  writing  of  a  few  checks;  that  is  all 
it  does. 

The  feeding  of  laborers  has  been  referred  to  here  as  something 
that  ought  to  be  done  by  contract.  I  do  not  agree  with  that.  I  do 
not  believe  you  will  ever  get  a  system  of  feeding  laborers  on  the  Isth- 
mus in  any  messing  plan  that  will  be  satisfactory.  They  are  the 
most  cantankerous  people  in  the  world.  There  is  no  such  thing  as 
satisfj^ng  the  notions  of  those  people  about  their  food.  If  they  are 
charged  an  upset  price  for  it,  they  are  never  satisfied  with  it.  The 
only  way,  it  seem  sto  me,  is  to  pay  them  their  wages  and  let  them 
feecl  themselves.  I  am  talking  now  about  the  common  labor — the 
negro  labor. 

Senator  Morgan.  Then  you  would  have  to  have  supplies  of  pro- 
visions there  ? 

General  Davis.  Oh,  I  would  have  stores,  where  they  could  go  and 
buy  their  provisions ;  yes. 

Senator  Morgan.  Then  the  Panamans  would  dispute  your  right 
to  do  that,  would  they  not? 

General  Davis.  They  would  not  if 

Senator  Morgan.  They  have  done  it  heretofore. 

General  Davis.  But  they  have  kept  the  commissaries  going. 

Senator  Morgan.  General,  was  this  reservoir  at  Colon  built  during 
your  administration  there  ? 

General  Davis.  You  refer  to  a  recent  press  report  saying  some- 
thing about  a  failure  of  water  supply  ? 


946  INVESTIGATION    OF   PANAMA   CANAL   MATTEBS. 

Senator  Morgan.  Yes. 

General  Davis.  I  am  not  quite  sure  that  I  have  all  the  facts;  but 
my  impression  is  this : 

The  Panama  Railroad  has  had  a  water  supply  for  Colon  for  the  last 
fifty  years.      It  is  obtained  from  the  natural  drainage  of  some  hills  that 

§0  by  the  name  of  the  Monkey  Hills.  It  is  about  2  or  2^  miles  from 
le  city  of  Colon.  A  lake  was  made  there,  impounding  enough  water 
to  furnish  the  raih'oad  with  its  r^uirements,  the  vessels  in  the 
harbor,  and  the  native  inhabitants.  The  increase  of  population  and 
the  consumption  of  water  in  Colon  since  the  taking  over  of  the  work 
by  the  United  States  has  brought  about  a  condition  of  affairs  that 
indicates  inadequacy  of  water.  The  engineers  are  building  a  new 
supply  (they  commenced  it  before  I  left),  impounding  water  in  a 
stream  2  or  3  miles  farther  out.  I  think  about  200  or  300  million 
gallons  are  proposed  to  be  impounded,  a  pump  erected,  a  standpipe 
also,  and  a  distribution  system  laid  down  for  Cristobal  and  for  Colon. 

I  do  not  think  that  work  has  yet  been  completed ;  but  a  provisional 
supply  was  procured,  as  I  learned  when  I  was  there  in  September  of 
last  year;  a  temporary  dam  was  built  on  this  same  stream,  and  a 
provisional  supply  obtained,  which  supplemented  the  Panama  Rail- 
road supply  from  Monkey  Hill.  I  read  in  the  newspapers  that  this 
supply  lias  failed ;  and  somebody  has  sent  a  sensational  dispatch  up 
here  to  the  effect  that  there  is  a  water  famine  there,  and  great  trouble 
and  tribulation. 

Last  year,  when  I  was  governor,  at  the  dry  season  (which  is  now; 
this  is  the  dry  season  there),  we  had  the  very  same  condition  of 
things;  and  they  have  had  it  every  year.  They  have  had  it  there 
every  year  for  years  and  years;  and  the  way  the  situation  is  met  is 
to  economize  as  well  as  they  can  with  the  water,  and  then  for  the 
Panama  Railroad  to  run  water  tanks  out  to  Tavemilla  and  bring  in 
three,  four,  five,  or  six  carloads  of  water  every  day,  for  which  Siey 
have  cars  specially  built. 

Senator  Morgan.  How  far  out  is  that? 

General  Davis.  Oh,  about  20  miles  or  25  miles,  where  the3'  water 
their  engines. 

Senator  Morgan.  It  is  above  Bohio? 

General  Davis.  Oh,  yes;  it  is  above  Bohio,  and  they  bring  in  the 
water.  They  did  last  year,  and  I  suppose  they  are  doing  it  now; 
and  that  to  which  you  allude,  I  think,  is  nothing  but  sensation.  I  do 
not  think  that  it  amounts  to  anything  of  any  senous  importance. 

Senator  Morgan.  And  if  there  has  been  a  failure  or  the  reservoir 
there,  it  is  this  temporary  structure? 

General  Davis.  This  temporary  structure  that  has  gone  drj-,  prob- 
ably, or  nearly  so. 

Senator  Morgan.  Has  that  reservoir  stood  during  the  fifty  years 
that  the  French  had  the  supply  for  their  railroad? 

General  Davis.  Oh,  yes.  That  Monkey  Hill  reservoir  has  been  in 
use  there  all  the  time,  and  they  have  been  making  use  of  these  tank 
cars  to  bring  water  in  from  Tavernilla  whenever  they  happened  to 
run  short.  They  run  the  cars  out  and  fill  them  up,  and  men  run 
them  alongside  of  the  ship  and  put  a  hose  into  the  ship  and  fill  the 
ship's  tank — ships  that  are  going  on  .foreign  voyages. 

Senator  Morgan.  I^  it  good  water? 
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General'  Davis.  Oh,  yes ;  it  is  very  good  water,  and  it  is  like  the 
water  we  are  using  now  in  Panama.  It  comes  from  the  head  of  the 
Rio  Grande. 

Senator  Morgan.  As  a  rule,  the  water  in  Panama  is  good  when  you 
get  it  coming  out  of  the  hills  i 

General  Davis.  Oh,  ves;  it  is  all  right.  It  contains  a  little  bit  of 
j^ediment  and  some  little  vegetable  matter,  but  nothing  that  has  ever 
done  any  harm.  Typhoids  and  dysenteries  there  are  almost  unknown. 
There  have  been  one  or  two  cases  of  typhoid  fever  in  the  Panamau 
hospitals  in  a  year;  that  is  all.     There  are  very  few  cases. 

The  matter  of  the  Zone  delimitation,  which  is  covered  by  the  re- 
port which  the  committee  has  ordered  to  be  printed,  will  require  for 
the  elucidation  of  that  idea  the  printing  of  these  three  maps  to  which 
I  have  alluded,  if  you  care  to  have  it  done.  I  think  I  ought  to  de- 
scribe to  you  what  that  Zone  delimitation  means,  so  far  as  Colon  is 
concerned,  because  it  is  shown  by  this  map.  This  [indicating]  is 
Limon  Baj'^ ;  this  is  Manzanillo  Island ;  this  is  the  line  that  the 
Frenchmen  proposed  for  their  canal. 

Senator  Morgan.  For  the  sea-level  canal? 

General  Davis.  Yes;  or  any  canal.  That  is  the  French  plan  of 
canal.  The  American  plans— ^that  is  to  say,  the  plans  of  the  Board 
of  Consulting  En^neers,  the  majority  and  the  minority — come  in 
here,  like  that  [indicating]. 

The  Chairman.  It  is  marked  up  there,  General  ? 

General  Davis.  Yes;  it  is  shown  here  also.  It  joins  in  here  at 
Mindi. 

Senator  Morgan.  Have  you  any  doubt  that  under  any  plan  of 
canal  we  may  adopt,  it  ought  to  enter  the  Bay  of  Limon,  instead  of 
going  by  Colon  ? 

General  Davis.  Oh,  I  think  this  idea  here  is  an  absurdity.  The 
French  idea  of  entering  this  canal  is  an  absurdity.  You  can  get  an 
idea  of  the  curve  by  following  that  bend,  the  way  a  ship  has  got  to 
proceed.  That  curve  there  has  a  radius  of — I  have  forgotten  what 
it  is — about  1,600  feet ;  that  is,  that  ship  has  to  make  two  turns,  one 
here  and  one  there,  before  she  can  straighten  out  and  go  into  the  canal. 
It  is  utterly  out  of  the  question.     I  think  everyone  agrees  on  that. 

In  reerard  to  this  matter  of  Zone  delimitation,  it  is  specified,  as  you 
will  find  in  that  agreement,  of  which  you  have  a  copy,  that  the  line  of 
delimitation  between  the  Republic  of  Panama  and  the  United  States 
for  the  Canal  Zone  shall  follow  this  general  plan : 

The  Hay-Bunau-Varilla  treatj^  specifies  that  the  city  of  Colon  shall 
remain  in  the  jurisdiction  of  Panama  and  its  harbor  shall  remain  in 
the  jurisdiction  of  Panama.  Those  conditions  are  stated.  Now, 
therefore,  I  negotiated  with  the  Government  to  find  the  mode  by 
which  we  could  come  to  an  understanding. 

The  city  of  Colon  consists  of  this  sort  of  a  strip  of  houses  here. 
That  is  all  that  really  is  built  up  into  a  city.  This  is  a  mangrove 
swamp  covered  with  water  at  high  tide  and  nearly  bare  at  low  tide, 
the  tide  being  only  about  2  feet.  It  was  provided  in  the  agreement 
that  I  made  with  the  Government  that  the  line  of  demarcation  should 
begin  at  this  point — Cristobal  Point — that  from  that  point  a  line 
should  be  projected  across  Limon  Bay  to  its  west  shore  in  a  due 
westerly  direction — ^this  point  being  fixed  and  determined ;  a  monu- 
ment stands  there  to  Cristobal  Colombo.    That,  then,  is  a  due  west 
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line,  and  everything  lying  inside  of  this  line  belongs  to  the  Zone. 
Everything  outside  of  it  pertains  to  the  harbor  of  Colon,  except  as 
I  will  state  a  little  later  on. 

From  that  point  the  line  of  delimitation  follows  the  shore  line 
at  low  water  until  it  arrives  at  the  intersection  of  a  certain  street  in 
the  citv  which  is  described  in  the  agreement.  It  follows  the  center 
line  of  that  street' for  that  short  distance  [indicating]  and  crosses 
the  Panama  Railroad  track.  It  then  follows  on  a  line  parallel  with 
the  Panama  Railroad  track 

Senator  Kittredoe.  On  which  side  of  the  track? 

General  Davis.  On  the  east  side  of  the  track — the  city  side;  the 
Manzanillo  Island  side,  as  I  remember — always  at  150  meters  from 
the  center  line  of  that  track,  until  it  reaches  the  shore  of  the  Fox 
River  here;  then  following  around  the  shore  of  the  Manzanillo  Is- 
land back  here  to  the  light-house. 

Now,  what  is  inclosed  is  in  the  city  of  Colon  and  not  within  the 
iurisdiction  of  the  United  States.  What  is  on  the  south  side  of  that 
line,  including  all  these  railroad  tracks  and  this  Cristobal  Point  and 
a  considerable  corner  of  the  city  itself,  where  all  the  shops  and  the 
new  wharves  are  here,  is  in  the  Zone. 

It  also  provided  in  the  same  agreement  that  a  zone  6(50  meters 
wide,  from  the  open  sea,  passing  through  this  harbor  on  any  line 
that  the  canal  may  ultimately  take,  even  the  part  that  passes  through 
the  harbor  of  Colon,  shall  be  under  the  exclusive  jurisdiction  of  the 
United  States,  so  that  under  this  agreement  a  vessel  can  enter  the 
Zone  and  always  be  entirely  within  the  United  States  jurisdiction, 
even  though  it  traverses  the  harbor  of  Panama. 

I  thought  that  was  a  very  important  matter  to  secure  perpetual  con- 
trol over  ships  entering  the  canal  and  not  have  any  dispute  about 
right  in  regard  to  that  matter,  so  that  is  covered  by  that  agreement. 
So  wherpver  the  entrance  to  the  canal  is,  a  zone  2,000  feet  wide  through 
the  harbor  of  Colon,  Republic  of  Panama,  will  be  under  United 
States  jurisdiction. 

The  map  on  the  Panama  side  contains  a  description  of  the  Zone 
lines  also;  but  it  is  rolled  up  now,  and  if  it  is  printed  you  can  always 
consult  it. 

There  was  a  subject  mentioned  in  the  statement  of  Governor  Ma- 

f^on  about  a  dispute  that  occurred  in  the  city  of  Panama,  in  which 
e  Panama  police  intervened,  and  I  received  a  letter  from  the 
chairman  of  the  Commission  saying  that  you  would  probably  wish 
to  ask  me  some  questions  in  regard  to  that.  It  was  a  sort  of  a  riot 
that  occurred  in  the  city  of  Panama  during  my  time  there.  Was  that 
the  rase,  Mr.  Chairman  ? 

The  Chairman.  Yes,  sir. 

General  Davis.  As  bearing  upon  that,  I  have  here  a  copy  of  a  letter 
that  I  wrote  to  Mr.  Wallace  on  the  3d  of  May,  1905,  in  which  there  is 
a  description  of  the  incident  referred  to,  and  all  of  the  facts  concern- 
ing it  are  there  stated.  I  do  not  know  that  it  is  a  subject  that  you 
<5are  particularly  about. 

Senator  Hopkins.  Let  it  become  a  part  of  his  testimony. 

The  Chairman.  It  might  become  a  part  of  the  record  unless  the 
<jeneral  wishes  it  read. 

General  Davis.  I  do  not  care  to  say  anything  about  it. 
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(The  paper  referred  to  will  be  found  printed  at  the  end  of  to-day's 
proceedings.) 

General  Davis.  There  is  one  other  small  matter : 

When  I  went  to  the  Isthmus,  under  the  order  of  the  President  of 
May,  1904,  one  of  the  duties  imposed  upon  me  was  to  announce  in  a 
public  manner  the  purposes  for  which  the  government  of  the  Zone 
was  established.  I  arrived  on  the  17th  day  of  May  and  paid  my 
respects  to  the  President  of  the  Republic,  and  on  the  19th  of  May  I 
made  a  publication  to  the  inhabitants  of  the  Canal  Zone,  which  was 
in  print;  and  this  is  the  document  in  my  hand.  It  is  the  first  public 
announcement  of  the  purposes  for  which  the  government  of  the  Zone 
was  being  established  bv  the  United  States. 

Senator  Kittredge.  1  think  that  might  as  well  be  printed  in  con- 
nection with  the  statement. 

(The  paper  above  referred  to  will  also  be  found  at  the  end  of  to- 
day's proceedings.) 

General  Davis.  There  is  one  other  small  matter.  It  is  as  to  a  de- 
scription of  the  functions  of  the  officials  who  are  transacting  the 
business  of  the  Government  on  the  Zone  in  an  engineering  way,  or 
in  any  other  way  that  involves  the  use  of  property,  and  as  respects 
the  designation  of  that  property.  It  is  the  custom  now  to  speak  of  it 
as  the  property  of  the  Isthmian  Canal  Commission. 

The  locomotives,  the  dredges,  the  steam  shovels,  and  the  cars  are  all 
marked  "  I.  C.  C,"  and  it  is  in  the  common  language  of  the  day  that 
that  is  the  property  of  the  Isthmian  Canal  Commission.  It  is  a 
custom  that  grew  up  from  the  very  beginning.  What  its  origin  was 
I  have  no  idea  of,  only  that  it  has  been  confirmed  by  constant  usage. 

It  seems  to  me  that  such  a  description  of  that  property  is  inaccu- 
rate. If  there  is  any  mark  on  a  car  or  a  locomotive  or  a  steam  shovel 
it  seems  to  me  it  ought  to  be  marked  "  U.  S.,"  as  the  property  of  the 
United  States. 

It  is  not  a  matter  of  great  importance,  but  it  seemed  to  me  to  be 
quite  anomalous,  inasmuch  as  the  Commission  does  not  own  anything, 
has  no  ownership  whatever,  and  as  the  brand  on  it  indicates  owner- 
ship, it  struck  me  as  more  appropriate  to  speak  of  a  contract  being 
made  between  the  United  States  as  party  of  the  first  part  and  John 
Smith  as  party  of  the  second  part  rather  than  as  between  the  Isth- 
mian Canal  Commission  as  party  of  the  first  part  and  John  Smith  as 
party  of  the  second  part.     It  is  only  a  very  small  matter. 

I  have  nothing  else  that  I  care  to  refer  to. 

Senator  Morgan.  There  was  a  charter  party  for  the  two  ships  that 
were  bought  by  the  Isthmian  Canal  Commission  between  the  Canal 
Commission,  representing  the  United  States,  and  the  Panama  Rail- 
road Company? 

General  Davis.  I  have  understood  so. 

Senator  Morgan.  Yes.  I  had  copies  of  that  charter  party  pub- 
lished the  other  day.  That  is  equivalent  to  a  contract  by  the  United 
States  with  itself? 

General  Davis.  It  seems  so  to  me. 

Senator  Morgan.  If  it  should  get  into  a  court,  it  would  be,  of 
course,  impossible  to  enforce  it.  The  transactions  that  have  been 
conducted  by  the  railroad  company  there,  or  the  railroad  directors 
nnd  their  superintendent  or  general  manager,  or  whatever  it  is,  have 
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been  nominally  between  the  railroad  company  and  the  Isthmian 
Canal  Commission.  Now,  in  the  direction  of  the  operations  of  that 
railroad — in  the  fixing  of  freight  rates,  in  the  transportation  of  goods 
across  the  Isthmus,  and  in  the  connections  that  are  made  with  the 
commercial  ships  that  come  into  either  of  the  bays — is  it  a  fact  that 
the  railroad  directors  and  managers  have  the  exclusive  control  and 
charge  of  those  matters,  or  are  they  regulated  and  controlled  by  the 
Isthmian  Canal  Commission  ? 

General  Davis.  The  board  of  directors  of  the  Panama  Railroad,  as 
I  understand,  are  all  nominees  of  the  stockholders — all  represented 
by  one  individual — the  Secretary  of  War.  The  board  of  directors  of 
that  railroad  therefore  must,  as  a  matter  of  necessity,  carry  out  the 
policy  of  its  stockholders.  In  other  words,  the  Secretary  of  War  has 
the  right  and  the  authority  to  dictate  to  those  directors  what  policy 
shall  be  pursued  in  the  management  of  the  railroad,  since  every  share 
of  stock,  as  I  understand,  stands  in  his  name. 

It  so  happens  that  all  the  members  of  the  Isthmian  Canal  Com- 
mission are  members  of  that  board.  They  have  two  duties.  One 
duty  is  to  perform  what  is  assigned  to  them  as  members  of  the 
Isthmian  Canal  Commission.  The  other  is  to  do  their  duty  as 
directors  of  the  Panama  Railroad.  I  think  all  the  members  of  the 
Commission  are  members  of  the  board  of  directors — at  least  I  have 
understood  so. 

Mr.  Shonts,  who  is  the  chairman  of  the  Isthmian  Canal  Commis- 
sion, is  also  the  president  of  the  board  of  directors  of  the  Panama 
Railroad.  An  executive  committee  has  been  formed  amon^  those 
directors.  I  think  it  has  three  members,  but  I  am  not  quiie  sure 
about  it;  and  that  executive  committee  has  delegated  to  it  bj  the 
board  certain  functions  which  enable  it  (the  committee)  to  dispose 
rapidly  of  any  questions  that  may  arise. 

Senator  Morgan.  Who  comprise  that  executive  committee? 

General  Davis.  I  could  not  tell  you  offhand,  for  it  never  has  been 
of  any  concern  to  me.  I  onlv  know  that  Mr.  Shonts  is  the  chairman 
of  the  board  of  directors  and  is  also  chairman  of  the  executive  com- 
mittee, and  I  think  Mr.  Drake,  the  vice-president  of  the  Panama 
Railroad  Companj^,  and  who  has  been  for  many  years,  is  also  a  mem- 
ber of  that  executive  committee.  Who  the  other  members  are  I  do 
not  know.  I  presume  Mr.  Cromwell  is  a  member,  although  that  I 
do  not  know  of  any  personal  knowledge.  But  there  is  an  executive 
committee  consisting  of  either  three  or  five  members,  I  am  not  sure 
which,  and  they  meet  weekly,  I  think,  as  a  matter  of  rule,  and  may 
meet  oftener.  The  board  of  directors  only  meets  monthly;  once  a 
month. 

Senator  Morgan.  This  board  of  directors  and  this  executive  com- 
mittee of  the  railroad  company  transact  and  control  all  of  the  busi- 
ness of  the  railroad  companj^  unless  the  Secretary  of  War  or  the 
Isthmian  Canal  Commission  undertake  to  give  special  directions 
about  some  matter  ? 

General  Davis.  I  suppose  that  in  the  transaction  of  the  business 
of  the  board  it  is  like  all  other  boards — ^that  somebody  makes  a 
motion,  and  then  that  motion  is  seconded,  and  it  is  discussed  and 
voted  upon. 

Senator  Morgan.  The  point  I  was  getting  at  is  more  particularl}- 
this — I  perhaps  did  not  indicate  it  clearly  enough:  The  Isthmian 
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Canal  Commission,  as  a  commission,  does  not  undertake  to  direct 
the  board  of  directors  of  the  railroad  company  ? 

General  Davis.  No,  sir ;  not  as  it  now  exists.  Under  the  orders  of 
the  President,  which  were  made  in  May,  1904 — that  was  a  direction 
that  he  then  gave — ^that  all  the  members  of  the  Isthmian  Canal  Com- 
mission should  be  elected  on  the  board  of  directors  of  the  Panama  Rail- 
road, and  that  the  policy  of  the  railroad  should  conform  to  the  policy 
of  the  United  States.  But  as  I  understand,  under  the  modified 
orders  of  the  President,  issued  since  I  left  the  Commission  or  about 
the  time  I  left  it,  about  which  I  have  no  personal  knowledge,  that 
has  been  changed.  That  is,  that  method  of  procedure  has  been 
changed,  although  I  am  not  quite  sure  about  that;  I  do  not  want  to 
assert  that  as  a  tact. 

Senator  Morgan.  What  method,  do  you  understand,  has  been  sub- 
stituted for  it? 

General  Davis.  Simply  that  the  Secretary'  of  War,  as  the  only 
stockholder — that  is,  the  United  States  as  the  only  stockholder,  the 
Secretary  of  War  as  its  trustee — indicates  to  the  board  of  directors 
of  the  Panama  Railroad  the  policy  that  he  wishes  pursued. 

Senator  Morgan.  And  that  takes  it  out  of  the  reach  of  the  Com- 
mission ? 

General  Davis.  Not  out  of  the  reach  of  the  Commission,  because 
every  member  of  the  Commission  is  on  the  board. 

Senator  Morgan.  I  understand  that;  but  it  takes  it  out  of  the 
reach  of  the  Commission  as  a  commission  ? 

General  Davis.  I  should  think  so:  yes,  sir;  I  should  think  so. 

Senator  Morgan.  And  transfers  that  power  of  general  control  and 
direction  to  the  Secretary  of  War? 

General  Davis.  I  do  not  know  that  it  transfers  it;  it  inherently 
lies  in  him. 

Senator  Morgan.  It  leaves  it  in  him,  then  ? 

General  Davis.  Yes,  sir. 

Senator  Hopkins.  That  is  simply  a  conclusion  of  yours,  is  it  not, 
General?  All  you  know  about  it  is  that  the  members  of  the  Com- 
mission are  directors? 

General  Davis.  I  only  know  that  by  public  report. 

Senator  Hopkins.  Yes. 

General  Davis.  I  do  not  know  that  officially. 

Senator  Hopkins.  And  as  to  whether  they  are  subservient  entirelj' 
to  the  Secretary  on  every  question  that  comes  up  on  the  road,  or 
whether  they  have  independent  opinions  is  a  matter  you  do  not 
know  of? 

General  Davis.  No,  sir.  I  presume  that  he  trusts  those  men  as 
wise  men,  and  he  wants  their  judgment,  and  relies  upon  them  to  act 
wisely. 

Senator  Morgan.  But  you  do  know  that  as  a  commission,  as  an 
Isthmian  Canal  Commission,  a  body  called  the  Commission  does  not 
undertake  by  any  resolution  or  otherwise  to  control  the  board  of 
directors  of  the  Panama  Railroad. 

General  Davis.  I  know  that  by  common  report.  I  have  no  other 
knowledge. 

Senator  Morgan.  You  were  familiar  with  the  records  while  you 
stayed  there? 
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General  Davis,  ^\^len  I  was  on  the  Isthmus  I  never  attended  a 
board  meeting  of  the  Panama  Railroad  directorate. 

Senator  Morgan.  Although  you  were  one  of  the  directors? 

General  Davis.  Although  t  was  one  of  the  directors;  but  their 
meetings  were  in  Xew  York,  and  I  was  in  the  Tropics. 

Senator  Morgan.  But  while  you  were  governor  there  and  a  member 
of  the  Commission,  was  any  order  passed  by  the  Commission  to  the 
board  of  directors  of  the  railroad  company  that  they  should  do  any 
particular  thing,  or  do  thus  and  so? 

General  Davis.  No.  no;  no,  sir. 

Senator  Morgan.  That  is,  no  control  was  attempted  to  be  exercised 
by  the  Isthmian  Canal  Commission  over  the  board  of  directors  of  the 
Panama  Railroad? 

General  Davis.  No.  sir:  I  think  not. 

Senator  Morgan.  Or  over  its  superintendent  or  general  manager? 

General  Davis.  No,  sir.  Mr.  Wallace  was  elected  or  appointed 
superintendent  of  the  Panama  Railroad  during  my  time.  He  did 
not  wish  to  serve  in  that  capacity,  but 

Senator  Morgan.  But  the  two  establishments,  in  all  their  trans- 
actions and  in  their  accounting  and  everything  of  that  sort,  are  en- 
tirely separate  ? 

General  Davis.  Entirely  separate  and  distinct;  yes,  sir;  although 
now,  I  think,  their  accounts  are  audited  by  the  auditor  of  the  Isth- 
mian Canal  Commission. 

Senator  Morgan.  They  come  under  the  Canal  Commission  ? 

General  Davis.  Yes,  sir. 

Senator  Morgan.  But  there  is  a  separate  audit  for  their  accounts? 

General  DA\^s.  I  think  they  have  an  auditor  of  their  own  in  New 
York ;  but  of  that  I  am  not  sure. 

Senator  Morgan.  Yes;  but  the  accounts  in  their  origin  and  in  their 
payment  of  demands  and  liabilities  and  whatever  takes  place,  including- 
purchases  for  the  railroad,  are  all  conducted  through  that  corpora- 
tion ?  , 

General  Davis.  I  am  afraid  you  are  gettinjg  beyond  my  knowledge, 
I  have  an  impression — I  have  heard  it  said — that  the  purchasing 
agent  of  the  Isthmian  Canal  Commission  is  also  purchasing  agent  for 
the  Panama  Railroad.  I  think  one  of  your  witnesses  here  stated  that. 
I  think  I  have  read  it  here. 

Senator  Morgan.  I  have  a  different  impression.  I  thought  they 
had  a  purchasing  agent  for  the  Panama  Railroad  there  who  some- 
times acted  for  the  Commission. 

General  Davis.  I  think  I  have  read  it  that  way,  although  I  do  not 
know ;   I  am  not  quite  sure. 

Senator  Morgan.  The  coal  supply,  for  instance,  that  goes  into  the 
Isthmus  over  the  railroad  and  is  conveyed  by  its  steamers,  is  a  sej)- 
arate  account  between  the  Canal  Commission  and  the  railroad  coni- 
])any.  the  railroad  company  furnishing  the  coal  at  a  certain  price  to 
the  Commission  ? 

General  Davis.  Yes,  sir. 

Senator  Morgan.  That  applies  to  pretty  much  all  the  coal  that  has 
even  been  used  there? 

General  Davis.  I  think  to  all,  except  one  cargo,  or  something  like 
that. 
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Senator  Morgan.  That  only  illustrates  the  separation  and  inde- 
pendence of  action  of  those  two  bodies. 

General  Davis.  Yes.  I  think  the  corporation  is,  in  a  legal  sense, 
or  is  intended  to  be,  entirely  separate  from  the  Commission. 

Senator  Morgan.  I  believe  tnat  this  is  the  day,  is  it  not,  for  the 
election  of  a  new  board  of  directors? 

General  Davis.  I  only  know  that  it  is  early  in  April.  I  am  not 
quite  certain  about  that. 

Senator  Morgan.  I  think  it  takes  place  to-day  in  New  York. 

General  Davis.  I  know  it  is  early  in  April. 

Senator  Morgan.  I  think  Mr.  Taft  has  gone  there  now  for  the 
purpose  of  electing  a  new  board  of  directors  of  the  Panama  Eailroad 
Company.  Of  course  you  have  no  idea  who  will  be  chosen  or  who 
are  the  candidates? 

General  Davis.  No;  I  have  no  idea  at  all.  I  presume  the  old 
board  will  be  reelected,  although  I  have  no  knowledge  about  that. 

Senator  Morgan.  I  have  very  grave  apprehensions  that  they  will 
not  be,  if  I  may  state  it  in  that  way. 

You  mentioned.  General,  the  opinion  that  it  would  be  preferable 
for  certain  reasons  (and  very  important  reasons,  too,  I  acknowledge), 
if  we  entered  upon  the  contract  system  of  building  this  canal,  to  put 
the  entire  canal  under  the  charge  of  one  company  or  establishment 
or  contractor. 

General  Davis.  I  thought  so,  sir.  I  am  certain  that  if  this  canal 
was  to  be  built  by  private  capital  that  is  the  course  they  would  pursue. 

Senator  Morgan.  Yes;  and  that  a  subdivision  of  the  contracts 
might  lead  to  conflict? 

General  Davis.  I  think  it  would ;  I  think  it  would. 

Senator  Morgan.  And  particularly  in  the  use  of  the  railroad  ? 

General  Davis.  Yes,  sir;  I  think  that  is  a  thing  that  is  vital  to  itr^ 
like  the  Siamese  twins,  you  can  not  cut  them  apart. 

Senator  Morgan.  It  would  seem  to  be  a  very  diflScult  proposition  to 
leave  the  railroad  in  the  hands  of  one  company  or  contractor  amongst 
many. 

General  Davis.  Oh,  yes;  it  would  be  very  difficult  I  do  not  think 
that  the  idea  of  turning  it  over  to  a  contractor  would  result  in  any 
friction  or  difficulty. 

Senator  Morgan.  To  one  contractor? 

General  Davis.  To  one  contractor. 

Senator  Morgan.  But  it  would  be  very  likely  to  do-  it  in  case  sev- 
eral contractors  were  interested  in  the  transportation  to  be  furnished 
by  the  road? 

General  Davis.  Yes. 

Senator  Morgan.  That  would  be  very  likely  to  lead  to  conflict? 

General  Davis.  Yes ;  I  think  it  would,  unless  the  control  of  it  lay 
in  the  hands  of  the  chief  of  the  whole  contract  business,  the  one  that 
had  the  responsibility  of  the  building  of  the  whole  canal.  Of  course 
that  would  DC  a  corporation.  It  woiud  not  be  any  one  man ;  it  would 
be  a  syndicate  of  capitalists. 

Senator  Morgan.  The  question  is  an  important  one  in  connection 
with  the  matter  of  laying  out  the  contract  if  we  conclude  to  farm  out 
the  work,  and  I  was  interested  in  trying  to  understand  about  it  as 
well  as  I  could.    It  would  be  possible  for  the  Government  to  retain 
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the  separate  and  exclusive  control  of  all  transportation  by  the  rail- 
road and  all  of  its  branches  and  spurs,  and  to  Keep  an  account  with 
the  different  contractors  of  the  use  that  they  might  make  of  the  road 
in  the  transportation  of  material,  for  instance,  and  supplies,  or  what- 
ever else  they  had  to  transport  over  it    That  would  be  possible? 

General  Davis.  Oh,  of  course  it  is  possible,  yes;  but  the  fewer  em- 
ployees the  Government  has  on  its  pay  roll  on  the  Isthmus  the  better, 
I  think. 

Senator  Morgan.  In  the  case  of  doinff  the  work  by  contract,  the  em- 
ployees there  would  comprise  chiefly,  isuppose,  a  board  of  engineers 
for  direction  ? 

General  Davis.  That  is  all ;  and  inspectors. 

Senator  Morgan.  And  a  corps  of  engineers  for  inspection  ? 

General  Davis.  Yes,  sir. 

Senator  Morgan.  And  reports,  and  all  that? 

General  Davis.  Yes. 

Senator  Morgan.  And,  then,  of  course,  an  oflSce  of  audit? 

General  Davis.  The  auditor  of  the  Government  here  in  Washington 
ought  to  be  sufficient. 

Senator  Morgan.  And  a  paymaster's  office? 

General  Davis.  Well,  ves ;  there  would  be  a  local  disbursing  officer 
down  there,  but  he  would  not  have  very  much  money  to  disburse  there. 

Senator  Morgan.  He  would  only  have  to  pay  the  employees  of  the 
Government  ? 

General  Davis.  That  is  all.  The  contract  payvients  would  all  be 
made  here  by  the  Treasury  Department  in  Wasnington. 

Senator  Morgan.  And  in  a  case  of  that  kind  we  could  get  rid  of  all 
questions  of  supplying  finances? 

General  Davis.  Oh,  yes ;  we  would  not  have  anything  to  do  with 
finance  at  all. 

Senator  Morgan.  But  it  would  be  very  important,  I  should  think, 
in  the  event  that  we  let  out  the  contract  to  one  contractor  or  to  many, 
that  the  United  States  should,  by  positive  enactment,  establish  a  fiscal 
bystem  down  there. 

General  Davis.  I  think  there  ought  to  be  something  definite  about 
what  the  circulating  medium  shall  be. 

Senator  Morgan.  It  ouffht  to  be  under  the  control  of  the  Govern- 
ment of  the  United  States  1 

General  Davis.  Well,  yes;  I  should  think  so. 

Senator  Morgan.  And  not  a  partnership  with  Panama  in  any 
respect? 

General  Davis.  No  ;  I  do  not  see  any  need  of  it  I  do  not  see  any 
need  of  having  but  one  direction. 

Senator  Morgan.  Do  you  think  that  it  is  safe,  in  the  construction 
and  control  of  that  canal  work,  at  least  up  to  the  time  of  its  comple- 
tion, that  there  should  be  any  joint  interest  between  the  Government 
of  Panama  and  the  United  States  in  that  Canal  Zone? 

General  Davis.  I  do  not  think  there  should  be  an^  joint  responsi- 
bility. I  do  not  think  there  should  be  any  intervention  or  any  power 
of  intervention.  As  the  United  States  possesses  all  the  powers  that  a 
sovereign  could  exercise,  to  the  entire  exclusion  of  those  powers  bv 
the  Republic  of  Panama,  I  see  no  basis  for  any  partnership ;  but  \ 
think  it  is  highly  important  that  they  should  be  good  neighbors. 
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Senator  Morgan.  And  there  should  be  a  good  understanding  be- 
tween them  ? 

General  Davis.  That  there  should  be  harmony  and  pleasant  rela- 
tions. 

Senator  Morgan.  Mutual  assistance? 

General  Davis.  Yes,  sir;  this  business  of  chasing  criminals — extra- 
dition— is  beset  with  difficulties.  When  I  was  governor  of  the  Zone 
all  that  I  did,  and  all  that  the  head  of  the  Government  of  the  Repub- 
lic did  in  regard  to  extradition,  was  simply  to  turn  over  the  criminals, 
one  to  the  other,  and  say  nothing  about  it.  We  did  not  have  any 
protocols  or  agreements  or  treaties  or  anything.  They  said :  "  Here 
IS  a  fellow  that  has  escaped. over  into  the  Zone,  and  we  want  him; 
can't  we  get  him?  He  is  charged  with  having  committed  robbery, 
or  something;"  and  if  the  chief  of  police  could  pick  him  up  we 
turned  him  over  to  them;  and  they  did  just  the  same  for  us. 

It  was  entirely  a  matter  of  perfectly  voluntary  work.  Each  as- 
sisted the  other.  There  was  a  good  deal  of  cattle  stealing  from  out- 
side of  the  Zone,  and  they  would  try  to  run  the  cattle  into  the  Zone, 
have  them  slaughtered,  and  have  the  meat  sold  there.  I  always 
assisted  the  Panama  authorities  in  catching  those  thieves  if  we  could ; 
and  did  everything  I  could  to  simplify  it,  and  they  responded.  It 
is  quite  important  that  we  should  be  on  good  terms  with  the  Panama 
authorities,  and  it  is  easy  to  be  so.  There  is  no  difficulty  about  secur- 
ing such  an  entente  cordiale. 

SenatorTALiAFERRO.  Are  there  many  cattle  on  the  Isthmus? 

General  Davis.  No;  very  few;  you  might  say  almost  none;  but 
there  are  a  good  many  in  the  Repulilic  outside. 

Senator  Kittredge.  I  think  Senator  Taliaferro  is  speaking  of  the 
Isthmus. 

General  Davis.  Oh,  in  the  Isthmus — ^in  the  Republic — I  have  not 
the  basis  of  getting  accurate  information  about  it,  but  I  have  heard 
people  say  that  in  the  Republic  of  Panama  out  towards  Chiriqui  and 
in  tnat  direction  there  are  200,000  or  300,000  head  of  cattle.  I  have 
heard  the  number  stated  at  200,000  or  300,000.  They  are  brought 
into  the  2k)ne  and  slaughtered  there  continually. 

I  think  Senator  Kittredge  has  seen  them.  They  are  nice,  sleek, 
smooth,  well-conditioned  animals,  small  in  size,  of  light  color  and  thin 
hair.  I  have  eaten  their  meat,  and  it  is  very  good.  It  is  not  abun- 
dant, but  it  is  wholesome.  Mules  and  horses  are  few  and  scarce  and 
expensive.  The  market  for  horses  is  South  America,  principally 
Chile.  Some  of  the  mules  that  we  are  using  there  now  in  hauling, 
drayage,  and  cartage  are  mules  that  were  raised  in  Chile,  and  they 
are  very  nice  animals. 

Senator  Morgan.  I  will  not  ask  the  General  any  further  questions, 
although  the  field  opened  before  me  is  a  very  inviting  one;  but  I 
think  we  have  perhaps  gone  far  enough. 

General  Davis  was  thereupon  excused,  with  the  thanks  of  the  com- 
mittee; and  after  an  executive  session  the  committee  adjourned  until 
to-morrow,  Tuesday,  April  3,  1906,  at  10.30  o'clock  a.  m. 
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Written  statement  of  B.  M.  Harrod^  esq. 

The  lake  idea  is  logically  connected  with  a  lock  canal.  A  lock  canal 
is  not  built  for  the  sake  of  the  locks.  They,  per  se,  are  objectionable, 
unless  they  provide  compensating  advantacfes  in  the  lakes  thev  form. 
The  lock-canal  advocates  bad  in  this  case  the  opportunity  of  aevelop- 
ing  the  lake  idea,  or  an  unobstructed  navigation  to  the  greatest  extent, 
so  as  to  present  for  29  out  of  the  4rl  miles  tetween  the  shore  lines  of  the 
Isthmus  a  channel,  ideal  in  width  and  depth,  practically  equal  to  navi- 

fation  in  the  open  sea.  On  the  other  band,  the  sea-level  advocates 
ave  been  forcea  by  circumstances  connected  with  time  and  money  to 
reduce  their  channel  throughout  to  the  least  possible  dimensions — in  ract, 
to  dimensions  which  do  not  comply  with  the  strict  injunctions  of  the 
act  of  Congress. 

The  sea-Tevel  canal,  as  designed,  will  not  **aflFord  convenient  passage 
for  vessels  of  the  largest  tonnage  and  greatest  draft  now  in  use  and  such 
as  may  be  reasonably  anticipated."  The  dimensions  of  the  project  will 
not  allow  vessels  even  now  building  to  pass  each  other.  Ships  of  aver- 
age size  can  not  pass  each  other  without  one  stopping  and  tving  up, 
but  for  this  no  spaces  or  "gares"  are  provided.  Neitner  is  tnere  any 
widening  of  channel  proposed  at  curves.  These  conveniences,  or  rather 
necessities,  can  be  readily  provided,  but  only  with  considerable  increase 
in  the  estimates  for  both  construction  and  operation.  The  demand  for 
enlargement  will  be  heard  as  soon  as  the  inadequacy  of  the  proposed 
dimensions  is  developed  by  operation. 

It  is  proposed,  during  tne  construction  of  a  sea-level  canal,  to  con- 
duct the  Chagres  and  its  eastern  tributaries  to  the  Caribbean  Sea 
through  diversion  channels.  These  have  been  partially  excavated  by 
the  French,  but  many  million  cubic  yards  of  excavation  and  embank- 
ment are  required  for  their  completion.  Until  the  Gramboa  dam  is 
completed  they  must  have  capacity  for  the  flood  discharge  of  the  Cha- 
gres and  its  tributaries.  After  the  canal  is  completed  the  Chagres  will 
be  regulated  by  the  Gamboa  dam,  and  all  its  tributaries,  except  the 
Cano  and  Gigante,  will  be  turned  into  its  prism.  These  two  will  be 
dammed  and  diverted  in  another  direction.  There  will  therefore  be  in 
the  canal  a  current  toward  the  Caribbean  varying,  according  to  the 
discharge  stage  of  the  rivers,  estimated  at  from  1  to  2f  miles  per  hour. 
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Of  the  tributaries  to  be  received  into  the  prism  of  the  canal  there 
are  22  of  considerable  size.  Two  are  known  to  have  a  flood  discharge 
of  over  3,000  cubic  feet  per  second;  eight  more  have  discharges  of 
over  1,000  cubic  feet  per  second.  Their  flood  discharges  between 
Gamboa  and  Bohio  may  aggregate  30,000  second-feet.  Tney  descend 
into  the  canal  from  heights  varying  from  13  to  160  feet  above  sea  level. 
The  sea-level  plan  proposes  to  overcome  this  diflTerence  of  level  by 
masonrv-stepped  aprons,  metallic  pipes,  or  by  sloping  and  lowering 
the  beds  of  the  innuent  streams,  although  no  designs  are  presented. 
Professor  Burr  in  his  testimony  describes  basins  at  the  mouths  of  these 
streams,  to  strain  out  the  sediment  and  debris,  allowing  only  the  water 
to  enter  the  canal,  but  that  is  a  personal  suggestion  and  does  not  appear 
in  the  plan.  This  would  certainly  add  materially  to  the  estimate,  and 
it  is  doubtful  whether  it  would  not  be  more  costly  to  clean  out  the 
several  basins,  which  would  rapidly  fill  up,  than  to  dredge  the  deposit 
from  the  canal  itself. 

I  believe  that  the  discharge  of  3,000  cubic  feet  per  second  into  the 
canal  prism  of  8,000  feet  cross  section  would  cause  cross  currents 
which  would  prove  an  absolute  obstruction  to  navigation  as  long  as 
they  prevailea.  No  ship  could  hold  a  direct  course  under  such  condi- 
tions. She  would  be  driven  against  the  opposite  bank.  Even  lesser 
discharges  would  prove  proportionately'  obstructive  to  navigation. 

I  believe  that  tne  injection  of  3,000  cubic  feet  per  second  into  a 
canal  prism  of  only  8,000  or  10,000  square  feet  of  sectional  area  would 
cause  deposit  on  one  side  and  would  abrade  the  opposite  bank  unless  it 
were  in  rock,  and  that  these  eflTects,  in  combination  with  it  current 
varying  from  1  to  2f  miles  per  hour  would  give  to  those  pails  of  the 
projected  sea-level  canal  through  earthen  banks  the  characteristics  of 
an  alluvial  stream  which  would  ultimately  establish  meanders  or  sinu- 
osities that  would  seriously  impair  the  navigability  of  the  canal  for  all 
larger  ships,  unless  these  banks  were  artihcially  protected,  and  the 
bars  constantly  dredged. 

It  is  proposed  in  tne  sea-level  plan  to  divert  the  Cano,  Gigante,  and 
Gigantito  irom  the  canal  route  by  four  dams  and  a  spillway.  These 
are  all  in  a  region  of  which  little  is  known  by  survey.  The  largest  of 
these  dams  holds  a  head  of  water  about  70  feet  above  sea  level,  only  a 
few  feet  less  than  the  Gatun  dam,  and  is  about  3,000  feet  long.  No 
intimation  is  given  of  the  method  of  construction,  whether  of  earth, 
masonrv',  or  a  combination  of  the  two. 

The  estimate  for  completing  21  miles  of  temporary  diversion  and  of 
several  miles  of  permanent  diversion,  aggregating  many  million  yards 
of  excavation;  for  controlling  the  descent  of  twenty  or  more  tribu- 
taries, by  masonry  structures,  inte  the  canal,  and  for  the  building  of 
four  dams  and  a  spillway,  for  which  no  plan  is  proposed,  in  a  region 
where  no  investigation  of  foundations  has  been  made,  is  three  and 
one-half  millions  plus  20  per  cent,  which  1  believe  will  prove  entirely 
inadequate. 

I  prefer  the  Gatun  to  the  Bohio  location  for  a  dam  because  the 
foundation  is  more  impervious;  because  the  site  at  Gatun  admits  of 
three  locks  of  the  required  size,  while  that  at  Bohio  will  not  hold  two 
of  the  same  length;  because  it  is  doubtful  if  the  supply  of  water  at 
Bohio  is  sufficient  with  the  larger  locks  for  a  tramc  of  more  than 
10,000,000  tons,  while  at  Gatun  it  is  sufficient  for  40,000,000  tons„ 
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and  because  the  Gatun  location  affords  10  miles  more  of  absolutely 
unobstructed  navigation. 

I  have  confidence  in  the  absolute  stability  and  sufiBcient  imperme- 
ability of  the  Gatun  dam  as  designed.  The  experiments  made  and 
recited  by  Mr.  Stearns  and  Mr.  Noble  give  a  scientific  basis  to  such  an 
opinion.  It  is  not  an  engineering  guess,  in  the  present  state  of  knowL- 
eage,  to  claim  that  percolation  may  be  reduced  to  almost  any  extent  by 
the  increase  of  resistance  through  additional  material  and  by  the  reduc- 
tion of  the  hydraulic  gradient. 

My  experience  with  the  levees  of  the  Mississippi  River,  with  which 
1  was  connected  for  twenty-six  years  as  engineer  for  the  State  of 
Louisiana,  and  afterwards  as  a  member  of  the  Mississippi  River  Com- 
mission, confirms  me  in  this  view.  These  structures  deal  with  the  same 
problems  of  the  stability  of  the  embankment,  and  seepage  through  the 
foundations  as  does  the  Gatun  dam.  There  are  levees  there  holding 
heads  of  water  up  to  40  feet,  with  bases  of  only  about  ei^ht  or  ten 
times  the  pressure  height,  and  back  slopes  of  one  on  five  or  six.  They 
are  proved  safe  by  experience.  The  Gatun  dam,  as  designed,  has  a  base 
thirty -one  times  the  pressure  height  and  a  back  slope  of  one  on  twenty- 
five.  In  the  great  Mississippi  River  flood  of  1882,  wnen  the  levee  system 
was  in  its  worst  state,  entirely  inadequate  in  both  grade  and  section, 
there  were  in  a  certain  district  over  140  breaks,  of  which  every  one 
but  two  was  caused  by  the  water  overtopping  the  levee  crest,  and  the 
remaining  two  by  unknown  causes,  probablv  burrowing  animals. 
Neither  qf'  these  causes  can  affect  the  Gatun  dam  with  its  height  of 
50  feet  above  the  lake  and  its  thickness  of  374  feet  at  the  water  line. 

B.  M«  Harbod. 
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BEPOBT  OF  ENOINEEBINO  COMMITTEE. 

.  Ancon,  Isthmian  Canal  Zone, 

Executive  Ofjice^  Fehrxiary  H^  WOo. 

Sir  :  The  committee  on  engineering  of  the  Isthmian  Canal  Commis- 
sion sailed  from  New  York  on  January  17,  1905,  and  arrived  at  Colon 
on  January  24.  Under  resolution  of  the  Commission,  Ma j.  Gen. 
George  W.  Davis,  governor,  became  a  member  of  the  committee  during 
its  stay  on  the  Isthmus,  and  acted  continuously  in  that  capacity  until 
its  departure. 

The  committee  began  its  duties  immediately  upon  its  arrival,  and 
held  its  sessions  and  conferences  daily  at  the  omce  of  the  governor, 
except  when  engaged  in  examinations  of  the  actual  or  proposed  work 
along  the  canal  Tine. 

The  chief  engineer  of  the  Commission  laid  before  the  committee 
the  entire  data  collected  by  the  engineering  field  parties  of  his  force, 
and  such  maps,  plans,  and  other  records  as  had  been  prepared  in  his 
office  up  to  the  departure  of  the  committee.  He  was  also  in  attend- 
ance at  the  meetings  and  conferences  of  the  committee  and  on  the  field 
examinations,  which  included  visits  to  all  the  parties  on  the  entire 
line,  as  well  as  to  all  points  of  interest  and  importance  in  connection 
with  the  work. 

The  interior  harbor  at  the  Cristobal  entrance  to  the  canal  and  the 
adjoining  works  received  early  consideration  from  the  committee, 
because  extensive  harbor  accommodations  are  urgently  needed  at  once 
to  sei'\^e  ships  there  in  discharging  plant,  materials,  and  supplies  for 
the  construction  of  the  canal.  These  needs  are  already  pressmg,  and 
they  will  rapidly  increase  and  become  far  more  pressing  in  the  near 
future. 

The  committee  examined  in  detail  the  site  of  this  interior  harbor,  as 
well  as  the  entire  water  front  of  Colon,  on  Friday,  Januaiy  27,  while 
a  severe  norther  was  blowing,  and  its  membei-s  were  thus  fortunate  in 
viewing  conditions  bearing  most  impressively  on  the  design  and  con- 
struction of  the  necessary  works  at  the  Atlantic  end  of  the  canal. 

The  norther  began  blowing;  soon  after  noon  of  January  2G  with 
such  force  that  three  steamships  in  the  harbor  of  Colon  at  that  time 
were  compelled  to  seek  safety  W  putting  to  sea  and  remaining  away 
for  three  days.  The  U.  S.  S.  Dixie  was  preparing  to  leave  at  about 
that  time,  and  was  obliged  to  hasten  her  departure  to  escape  the  danger 
of  the  storm.  Not  a  vessel  of  any  description  remained  in  the  harbor 
except  two  schooners  in  the  slips  adjacent  to  the  Panama  Railroad 

961 


962  INVESTIGATION   OF   PANAMA  CANAL   MATTEBS. 

station,  which  were  tied  by  a  number  of  cables  at  a  suflScient  distance 
from  their  piers  to  prevent  damage  from  excessive  pitching  and 
rolling.  They  could  not  get  away,  and  were  compellea  to  riae  out 
the  gale  in  grave  danger  to  themselves  and  to  the  neighboring  piers. 

At  the  time  of  the  committee's  visit,  storm  waves  of  great  magni- 
tude and  force  were  rolling  directly  into  the  harbor,  breaking  over  the 
entire  water  front  of  that  part  of  Colon  known  as  Aspinwall,  and 
bloclring  the  marginal  streets  with  deluges  of  water  and  great  quanti- 
ties of  coral  rock  and  other  debris.  The  same  effects  were  produced 
on  Cristobal  Point,  seriously  injuring  a  number  of  houses  and  render- 
ing them  uninhabitable,  as  well  as  putting  out  of  use  the  marginal 
street.  The  magnitude  and  violence  of  the  wave  action  along  the 
entire  water  front  of  Colon  not  only  drove  to  sea  every  vessel  that 
could  get  away,  but  it  also  endanjgered  the  piers  or  wharves,  some  of 
which  have  been  heretofore  seriously  damaged  in  similar  storms. 
Further  than  this,  great  inconvenience  and  some  loss  was  caused*  not 
only  to  the  shipping  interests  affected,  but  also  to  the  canal  work  in 
interrupting  the  discharge  of  cargo  urgently  needed,  and  in  other 
ways  injuring  Isthmian  transportation. 

These  storms  occur  on  the  average  but  once  or  twice  a  year,  and 
during  some  years  they  do  not  occur  at  all.  For  probably  not  less 
than  fliree  hundred  and  sixty  days  in  the  vear  the  harbor  of  Colon  is 
free  from  any  objection  of  this  kind.  If  the  construction  of  the  canal 
were  a  purely  commercial  enterprise,  the  protection  of  an  outer  ter- 
minal harbor  open  to  storms  at  rare  intervals,  as  in  this  instance. 
would  not  be  iustified.  This  project,  however,  is  a  great  public  work 
by  the  United  States  Government,  in  which  no  feature  contributing 
effectively  to  either  safety  or  efficiency  should  be  omitted. 

It  is,  therefore,  the  unanimous  and  unqualified  judgment  of  the 
committee  that  a  harbor  directly  open  to  such  heavy  storm  seas  as  to 
drive  out  shipping  and  endanger  water-front  structures,  even  if  the 
storms  occur  on  the  average  but  once  or  twice  a  year,  is  clearly 
unsuitable  even  for  the  outer  harbor  at  the  entrance  of  the  Panama 
Calial  where  many  ships  must  from  time  to  time  necessarily  lie  at 
anchor. 

For  these  reasons  the  committee  unanimously  recommend  that  plans 
and  specifications  be  at  once  prepared  for  a  breakwater  extending 
across  the  mouth  of  Limon  Bay  approximately  on  the  line  drawn  from 
the  light  on  Toro  Point  to  the  Colon  light.  This  breakwater  will 
probably  be  designed  in  two  parts,  each  atout  4,000  feet  long,  with  an 
opening  between  them  700  to  800  feet  wide  for  the  entrance  of  ships. 

It  is  the  judgment  of  the  committee  that  the  construction  of  that 
portion  of  the  breakwater  nearest  to  Colon  should  be  commenced  at 
the  earliest  practicable  date.  This  would  insure  a  substantial  measure 
of  protection  in  the  near  future  for  the  piers  and  wharves  of  the  Colon 
water  front  where  ships  may  at  all  times  transfer  cargoes. in  safety. 
The  remaining  portion  of  the  breakwater  could  then  he  constructed. 
if  experience  should  show  it  to  be  necessary,  or  it  can  be  omitted  if 
there  should  prove  to  be  sufficient  harbor  protection  without  it. 

The  rock  required  for  the  breakwater  can  be  obtained  of  proper 
quality  and  in  any  desired  quantity  from  the  deep  portions  of  the 
summit  cut  of  the  canal  between  Obispo  and  Culebra,  n*om  the  quarry 
at  Bohio,  and  from  Kenneys  Bluff  on  the  west  shore  of  the  Bav  of 
Limon.    The  hard  rock  oi  the  summit  cut  is  well  adapted  to*  the 
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requirements  of  the  superstructure.  The  cost  of  quarrying  is  not, 
therefore,  an  element  of  cost  of  the  breakwater. 

The  interior  harbor  at  the  entrance  of  the  canal  immediately  south 
of  Cristobal  Point,  as  proposed  by  the  New  Panama  Canal  Company, 
is  ur^ntly  needed,  even  at  this  time.  Temporary  timber  pile  wharves 
at  Cristobal  and  adjacent  to  the  entrance  to  the  dry  dock,  half  a  mile 
farther  south,  have  already  been  completed  and  used,  but  they  are  of 
small  capacitv,  and  there  is  insufficient  depth  of  water  in  front  of 
them.  This  harbor  and  the  channel  from  the  outer  bay  should  be 
dredged  at  once,  and  substantial  timber  quays  or  wharves  should 
also  be  constructed  immediately. 

At  its  meeting  on  February  1,  this  committee  unanimously  passed 
the  following  resolution,  as  shown  by  the  minutes  of  its  meetings 
accompanying  this  report : 

1.  Resolved,  That  the  committee  approve  and  recommend  to  the  Commission 
30  feet  as  an  immediate  depth  for  the  inner  harbor  at  Cristobal  and  approach 
thereto,  beginning  at  the  30-foot  contour  in  the  outer  harl)or,  and  extending 
thence  to  station  51,  wliere  it  appears  that  Indurated  clay  will  be  met  at  that 
depth.  The  width  of  approach  channel  should  be  about  500  feet,  and  that  of 
the  inner  harbor  about  1.000  feet,  except  as  narrowed  at  the  north  end  of  Man- 
grove Beach  Island,  to  reduce  coral  rock  excavation,  and  widened  at  turn  to 
make  a  basin. 

This  harbor,  so  constructed  as  to  bring  conveniently  along  its  quays 
the  tracks  of  the  Panama  Railroad,  will  be  of  the  greatest  value 
during  the  entire  progress  of  the  canal  work. 

In  order  to  cover  all  possible  contract  work  w^hich  it  may  be  desir- 
able to  undertake  alon^  the  approach  channel  and  interior  harbor 
heretofore  contemplated  as  parts  of  a  finished  canal  and  entrance 
harbor,  this  committee,  at  tne  same  meeting  of  February  1,  unan- 
imously passed  the  following  resolutions  as  expressing  further  rec- 
ommendations to  the  Commission : 

2.  Resolved,  That  bids  be  invited  for  dredging  from  the  outer  harbor  to  sta- 
tion 51  on  the  widths  as  in  the  preceding  resolution,  and  from  station  51  to 
station  100  for  a  width  of  about  1,000  feet,  all  at  depths  of  30,  35,  and  40  feet. 

3.  Resolved,  That  the  material  be  classified  as — 

( 1 )  Coral  and  other  rock ; 

(2)  Indurated  clay ; 

(3)  Sand  and  mud; 

and  that  bids  be  asked  for  delivering  material  excavated  by  pumping  at  any 
point  within  2.(KX)  feet,  as  selected  by  the  engineer,  and  with  extra  prices  for 
each  1.000  feet  in  addition.  Hard  material  shall  be  carried  to  and  dumped 
at  sea  within  a  maximum  distance  of  3  miles  from  Cristobal  Point,  as  directed 
by  the  engineer. 

4.  Resolved,  That  the  chief  engineer  be  directed  to  prepare  the  plans  and 
specifications  for  the  work,  as  indicated  by  resolutions  Nos.  1,  2,  and  3. 

Although  the  interior  harbor  and  approach  channel  as  planned  and 
recommended  should  be  built  immediately,  it  is  the  unanimous  judg- 
ment of  this  committee  that  with  the  construction  of  the  breakwater 
a  direct  entrance  to  the  canal  at  or  near  Boca  Mindi  with  a  straight 
approach  channel  from  the  outer  harbor  has  such  substantial  advan- 
tages that  it  should  be  adopted,  independently  of  and  in  addition  to 
the  canal  connecting  with  the  inner  harbor  as  heretofore  planned. 
Ships  ma^  then  proceed  directly  through  the  outer  harbor  into  the 
canal,  or  into  the  inner  harbor  for  coal  or  other  purposes,  and  thence 
into  the  canal.  The  proposed  direct  entrance  and  approach  channel 
are  shown  on  the  plans  submitted  herewith  by  the  chief  engineer. 
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The  estimated  quantities  of  material  required  to  be  excavated,  or 
to  be  used  for  the  construction  of  the  breakwater,  are  as  follows : 

Common  rock  fill,  3,000,000  cubic  yards. 

Hard  rock,  400,000  cubic  yards. 

At  the  present  time  the  waters  of  the  Gatuncillo  River  flow  througb 
a  diversion  channel  south  of  Gatun  into  the  Chagres  River  at  that 
point.  The  combined  flow  of  the  Chagres  and  Gatuncillo  is  taken 
almost  entirely  into  the  channel  of  the  former  to  the  point  where  it 
cuts  the  canal  excavation,  a  short  distance  north  of  Gatun,  where  the 
joint  discharge  divides,  the  larger  part  following  the  Chagre^s  to  the 
sea  and  the  remainder  flowing  through  the  canal  excavation  to  Boca 
Mindi,  where  it  escapes  through  the  enlarged  mouth  of  the  Mindi 
River  into  Limon  Bay,  The  natural  result  has  been  the  formation 
of  a  large  bar,  filling  almost  the  entire  canal  channel  immediately 
north  of  Boca  Mindi.  This  action  has  been  intensified  when  floods 
have  filled  the  Gatuncillo  and  Chagres  rivers. 

The  Old  Panama  Canal  Company  nearly  completed  what  is  known 
as  the  Gatuncillo  diversion  channel,  located  east  of  and  mainW  near 
to  the  canal  line  from  the  Gatuncillo  River  to  Puerto  Escondido  in 
Manzanillo  Bay.  The  continuation  of  this  diversion  southerly  was 
partially  excavated  at  numerous  points  from  Gatun  to  Gamlxm, 
easterly  of  the  canal  line,  and  it  will  probably  have  to  be  completeil 
throughout  that  entire  distance.  Immediate  attention,  however.  i> 
directed  to  that  portion  already  described  and  called  the  Gatuncillo 
diversion,  which  receives  the  waters  of  not  only  the  Gatuncillo  River, 
but  also  of  the  Mindi  and  other  smaller  streams  flowing  down  from 
the  high  ground  in  that  vicinity,  and  thus  prevents  them  from  enter- 
ing the  canal. 

Whatever  may  be  the  final  plans  of  the  canal,  or  of  its  subsidiary 
works,  this  diversion  must  be  completed  and  employed  to  discharp* 
the  waters  it  receives  into  Manzanillo  Bay.  The  bottom  width  t»f 
the  present  excavation  is  about  115  feet,  and  it  originally  had  a  depth 
of  water  of  about  15  feet.  Silt  and  mud  have  now  settled  in  it  to  a 
depth  of  one  to  three  or  four  feet,  leaving  from  ten  to  thirteen  or  four- 
teen feet  of  water.  Two  short  stretches  still  remain  to  be  excavated, 
one  back  of  Monkey  Hill,  about  1,600  feet  in  length,  of  hard,  indu- 
rated clay,  and  the  other  about  2,000  feet  in  length,  mostly  of  mud. 
silt,  and  sand,  near  the  Mindi  River,  where  the  railroad  crosses  ii> 
line ;  besides  any  enlargement  of  section  that  may  be  necessary. 

Two  small  dams  must  also  be  constructed  about  2,500  feet  apart. 
across  the  Chagres  River  near  Mindi,  to  retain  within  the  diversion 
channel  the  waters  which  must  not  enter  the  canal.  A  diversion  of 
the  Chagres  on  the  westerly  side  of  the  canal,  in  the  same  vicinity, 
must  be  retained  to  take  the  flow  of  the  Chagres  directly  to  the 
ocean.  Another  dam  must  be  built  across  the  Boca  Mindi,  on  the  line 
of  railroad,  to  prevent  the  discharge  of  the  Gatuncillo  diversion 
through  that  opening  which  its  waters  now  follow.  These  three  dams 
and  the  Chagres  diversion  are  neceSvSary  to  complete  the  separation 
of  the  waters  intended  to  flow  through  the  Gatuncillo  diversion  and 
the  Chagres  River. 

All  the  works  thus  far  discussed  are  quite  independent  of  the  ty[>» 
or  dimensions  of  the  canal  south  of  Gatun,  and  tneir  construction  is 
imperative;  therefore,  this  committee  unanimously  recommends  their 
immediate  completion. 
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Before  other  subsidiary  questions  can  be  decided  or  even  considered, 
a  determination  must  be  reached  as  to  the  elevation  of  the  summit 
level.  The  plan  of  the  French  company,  under  which  they  were 
working,  placed  this  level  at  97.5  feet  above  mean  tide,  to  be  supplied 
with  water  from  a  storage  lake  at  Alhajuela,  which  was  also  to  regu- 
late the  Chagres.  The  former  Isthmian  Canal  Commission  consid- 
ered a  summit  level  at  85  feet,  to  be  maintained  by  a  large  dam  at 
Bohio,  making  a  lake  with  an  area  of  38.5  square  miles,  and  thus  regu- 
lating Chagres  floods. 

When  the  present  Commission  was  created  it  was  realized  that 
before  a  final  determination  could  be  made  with  propriety  additional 
data  should  be  obtained  other  than  that  possessed  by  the  French  com- 
pany or  secured  by  the  former  Commission,  and  esjpecially  that  posi- 
tive information  should  be  had  as  to  the  probable  cost  of  "excavation, 
for  on  such  cost,  both  as  to  time  and  money,  will  the  type  of  the  canal 
in  large  part  depend. 

Survey  parties  were  at  once  established  and  contracts  let  for  the 
installation  at  Culebra  of  a  modern  excavating  plant. 

The  work  of  excavation  in  the  summit  or  Culebra  cut  has  been 
actively  prosecuted  under  the  direction  of  the  chief  engineer,  so  that 
the  total  quantity  excavated  during  the  month  of  January  of  the  cur- 
rent year  was  about  71,000  cubic  yards.  The  first  three  steam  shovels 
of  the  17  recentlv  contracted  for  in  the  United  States  are  now  set  up 
and  at  work,  although  the  third  one  had  not  made  a  beginning  of  its 
work  on  the  1st  of  February.  A  shovel  has  exceeded  a  daily  output 
of  rock  excavation  of  1,000  cubic  yards.  The  operations  of  the 
shovels  have  been  entirely  satisfactory,  and  they  have  already  proved 
themselves  to  be  machines  of  high  e&iciency.  Indeed,  the  results  so 
far  obtained  indicate  that  there  is  no  other  type  of  machine  better 
adapted  to  the  class  of  work  to  be  done  yi  the  summit  cut  or  which 
can  reach  a  greater  eificiency.  The  French  excavators  have  also  been 
put  in  a  much  more  eificient  condition,  so  that  in  clay  excavation  a 
single  machine  has  also  reached  a  daily  output  of  nearly  1,400  cubic 
yards,  but  they  are  not  well  adapted  to  rock. 

As  a  result  of  the  experience  thus  far  gained  in  the  actual  rock  and 
clay  excavation  at  Culebra,  the  average  monthly  cost  per  cubic  yard 
has  fallen  below  50  cents.  The  chief  engineer,  therefore,  is  confident 
that  the  average  cost  of  all  the  excavation  in  the  summit  cut  will  not 
exceed  50  cents  per  cubic  yard,  and  this  committee  concurs  in  that 
opinion.  The  former  Isthmian  Canal  Commission  assumed  in  its 
estimates  that  the  average  cost  of  excavation  in  the  great  summit  cut 
would  be  80  cents  per  cubic  yard.  The  demonstrated  cost  of  this 
Commission's  actual  work  at  "Culebra,  if  applied  to  the  quantities 
emploved  by  the  former  Commission,  would  reauce  the  total  estimated 
cost  oi  the  canal  about  $15,000,000.  This  large  saving  in  cost  makes 
a  fundamental  reconsideration  of  canal  plans  by  this  Commission 
essential.  It  is  obvious  that  this  actual  reduced  cost  of  excavation 
justifies  a  reduction  in  the  elevation  of  the  summit  level  of  the  canal 
by  a  correspondingly  greater  volume  of  excavation.  After  a  careful 
consideration  of  all  the  elements  of  this  portion  of  the  canal  problem 
this  committee,  as  an  expression  of  its  judgment,  passed  unanimously 
the  following  resolution  at  its  meeting  on  February  1 : 

7.  Resolved,  That  the  elevation  of  the  summit  level  of  the  canal  flhould  not 
exceed  60  feet. 
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As  will  be  seen  by  the  accompanying  report  of  the  chief  engineer, 
he  has  prepared  full  statements  of  estimated  costs  of  construction  of 
the  canal  for  three  different  summit  elevations : 

1.  With  summit  elevation  at  60  feet  above  mean  tide. 

2.  With  summit  elevation  at  30  feet  above  mean  tide. 

3.  A  sea-level  canal. 

The  total  estimated  costs  of  these  three  types  of  canal,  including  the 
breakwater,  direct  approach  channel,  and  interior  harbor  at  Colon 
will  be: 

Summit  level  at  60  feet  elevation $178,013,406 

Summit  level  at  30  feet  elevation 194,  213,406 

Sea  level J    230.475,725 

These  totals  include  a  margin  of  20  per  cent  for  contingencies, 
administration,  sanitation,  ana  engineering. 

The  effective  control  of  the  Chagres  River,  especially  during  its 
floods,  which  are  frequently  sudden  and  of  great  volume,  has  also 
been  considered  in  all  its  relations  to  the  plans  of  the  canal  which 
may  ultimately  be  adopted.  Inasmuch  as  tne  elevation  of  the  water 
in  the  Chaffres  River  at  Gamboa  is  about  55  feet  above  mean  tide,  or 
but  5  feetoelow  a  summit  level  placed  at  60  feet  above  mean  tide, 
it  is  the  judgment  of  this  committee  that  the  control  of  the  Chagres 
River,  with  a  summit  level  at  an  elevation  of  60  feet  or  less,  ^ould 
be  effected  at  or  in  the  immediate  vicinity  of  Gamboa,  which  the  ex- 
aminations made  bv  the  field  party  operating  at  that  location  and  in 
the  valley  of  the  Cnagres  above  Gamboa  show  to  be  entirely  feasible. 

For  these  reasons  the  committee  unanimously  passed  the  "following 
resolution,  expressing  its  recommendation  to  the  Commission  at  the 
meeting  of  February  1 : 

8.  Resolved,  That  In  the  event  of  the  Commission  approving  resolution  No. 
7,  that  the  Chagres  River  be  retained  by  a  dam  located  at  Gamboa,  and  built 
to  a  crest  height  of  about  200  Teet 

The  complete  data  secured  by  the  surveys  and  examinations  of  that 
field  party  are  given  in  the  accompanying  report  of  the  chief  engineer. 
They  show  that  the  high  hills  on  both  sides  of  the  river  at  Gamboa, 
in  connection  with  the  maximum  depth  of  bed  rock  in  the  river,  about 
56  feet  below  low  water,  render  the  construction  of  the  dam  across 
the  Chagres  at -this  location,  with  the  attendant  works  of  pipes  and 
^ates  and  waste  weir^  reasonably  free  from  serious  difficulties,  and 
bring  construction  within  reasonable  cost.  Surveys  show  that  the 
area  inclosed  within  the  flow  line  of  the  lake  formed  by  this  dam  for 
the  elevation  of  water  surface  at  200  feet  above  mean  tide,  would  be 
43.3  square  miles;  at  the  elevation  of  170  feet,  30.8  square  miles;  and 
at  the  elevation  of  132  feet,  14.9  square  miles. 

Accurate  flood  records  for  the  Chagres  River  have  been  kept  during 
the  past  thirteen  or  fourteen  years  only.  The  greatest  flood  which 
has  occurred  since  the  beginning  of  the  construction  of  the  Panama 
Railroad  in  1851  was  that  of  1879.  No  authoritative  record  of  the 
highest  water,  either  at  Bohio  or  at  Gamboa,  or  at  any  other  point, 
nor  of  the  maximum  discharge  of  that  storm  exists.  The  storm 
which  caused  this  flood  lasted  about  six  days,  and  approximate  evi- 
dence of  its  highest  stage  at  Bohio  is  preserved  in  tne  memories  of 
some  persons  now  living.  All  the  reliable  information  that  can  be 
ascertained  has  been  used  to  determine  approximately  the  greatest 
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rate  of  discharge  of  the  Chagres  at  Bohio,  which  is  supposed  to  have 
been  about  136,000  cubic  feet  per  second.  It  has  further  been  con- 
cluded that  the  average  discharge  for  forty-eight  hours  was  about 
112,000  cubic  feet  per  second.  While  these  results  are  approximate 
only,  it  appears  that  they  may  be  safely  employed  for  the  determina- 
tion of  some  general  features  of  control.  The  results  for  Gamboa 
are  somewhat  less,  both  in  rate  and  in  total  volume,  than  at  Bohio. 
If  an  average  discharge  of  100,000  cubic  feet  per  second  for  seventjr- 
two  hours  be  assumed  at  Gamboa,  the  resulting  computations  will 
certainly  lead  to  safe  conclusions  regarding  the  capacity  for  control 
of  the  proposed  Gamboa  lake.  If  that  amount  of  water  flowed  into 
the  lake  formed  by  the  proposed  Gamboa  dam,  with  an  initial  water 
surface  of  the  lake  at  an  elevation  of  160  feet,  such  a  three  days'  in- 
flow, with  no  outflow,  would  raise  that  surface  not  more  than  30  feet, 
or  to  the  elevation  of  about  190  feet.  If,  on  the  other  hand,  a  uniform 
outflow  of  20,000  cubic  feet  per  second  were  maintained  during  the 
same  length  of  time,  the  resulting  rise  of  lake  surface  would  be  but 
a  little  over  20  feet,  thus  raising  the  elevation  of  that  surface  to 
slightly  above  180  feet.  The  Gamboa  lake,  therefore,  may  be  used 
in  this  manner  as  an  effective  control  of  the  Chagres  River,  even  dur- 
ing the  highest  flood  which  there  is  any  reason  to  anticipate. 

The  greatest  volume  of  continuous  inflow  into  the  lake  which  could 
take  place  under  the  authentic  records  of  the  past  fourteen  years 
is  about  365,000  acre-feet  per  month  for  six  consecutive  months  in 
1892,  and  of  700,000  acre-feet  for  one  month  in  1894.  A  continuous 
outflow  of  not  more  than  10,000  cubic  feet  per  second  during  these 
two  periods  of  inflow  would  enable  the  lake  to  take  care  of  both  these 
periods  of  great  discharge,  without  raising  the  surface  of  water 
more  than  a  few  feet  and  tor  a  short  period  only. 

While  further  detailed  studies  beyond  those  which  were  available 
to  the  committee  on  the  Isthmus  are  required  to  determine  the  exact 
elements  of  this  problem  of  the  control  of  the  Chagres  during  varying 
periods  of  high  rates  of  inflow,  the  examination  made  by  this  commit- 
tee shows  conclusively  that  the  lake  proposed  has  sufficient  capacity 
to  afford  abundant  regulation  of  the  Chagres  floods. 

The  necessary  rates  of  the  outflow  from  the  lake  during  flood 
periods  may  be  obtained  by  means  of  large  pipes  and  gates  built  into 
the  dam  itself,  together  with  a  waste  weir  at  the  same  point,  or  by 
means  of  a  tunnel  about  3.4  miles  long  through  the  dividing  ridge 
between  the  Chagres  and  Gatuncillo  watersheds,  or  by  both.  The 
elevation  of  the  invert  of  this  tunnel  at  the  Chagres  end  may  be  placed 
at  132  feet  above  mean  tide.  If  such  a  tunnel  were  built  at  the  ele- 
vation named,  with  a  diameter  of  30  feet,  it  could  be  depended  upon 
to  discharge  15,000  cubic  feet  per  second,  with  the  elevation  of  water 
surface  between  180  and  185  feet,  the  mean  velocitv  of  water  through 
the  tunnel  being  about  20  feet  per  second.  At  least  the  same  rate 
of  discharge,  and  a  greater  one,  if  required,  may  be  obtained  through 
properly  controlled  pipes  at  the  dam,  discharging  either  into  the  canal 
or  into  a  diversion  channel  on  the  easterly  side  of  the  Chagres  River, 
constructed  the  entire  distance  to  the  (ratuncillo  diversion,  or  into 
both. 

Surveys  for  the  location  and  estimate  of  cost  of  the  tunnel  for  dis- 
charging into  the  upper  waters  of  the  Gatuncillo  have  already  been 
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completed,  as  well  as  for  a  similar  tunnel  to  discharge  into  the  Pacific, 
Complete  surveys  are  about  to  be  undertaken  to  ascertain  the  exact 
amount  of  work  which  has  been  done  on  the  Chagres  diversion? 
between  Gainboa  and  Gatun,  so  as  to  make  an  accurate  estimate  of  the 
cost  of  their  completion.  As  soon  as  these  latter  surveys  are  com- 
pleted the  exact  estimates  of  cost,  both  for  the  tunnel  and  for  the 
diversion  discharge,  can  be  made,  and  all  the  details  of  these  feature«^ 
of  the  regulation  works  can  be  determined. 

Work  on  the  foundation  for  the  dam  at  Gamboa  can  be  begun  at 
pnce.  This  portion  of  the  construction  of  the  dam  will  probably 
require  from  a  year  to  a  year  and  a  half  of  time,  and  it  is  the  unani- 
mous judgment  of  the  committee  that  it  should  be  undertaken  imme- 
diatelv,  and  that  the  construction  of  the  entire  dam  should  be  com- 
pletedT  as  soon  as  practicable. 

The  building  oi  the  dam  at  Gamboa  will  not  only  furnish  complete 
and  effective  means  of  control  for  the  Chagres  floods,  but  it  has  the 
further  advantage  of  being  entirely  accessmle  by  the  Panama  Rail- 
road for  the  transportation  of  men  and  materials.  The  plan  of  the 
dam  will  probably  require  a  masonry  core,  with  a  great  mass  of  earth 
and  rock  fill  on  either  side  of  it,  n-om  the  waste  excavation  of  the 
summit  cut.  The  plan,  therefore,  has  marked  merits  of  both  effi- 
ciency of  control  and  economy  of  construction. 

The  conditions  attending  tne  construction  of  this  dam  are  in  no  way 
unprecedented.  The  depui  of  bed  rock  below  water  surface  is  only 
about  one-third  that  at  Bohio  and  no  greater  than  has  already  been 
reached  by  the  use  of  heavy  timber  sheet  piling  for  founding  masonry 
structures  in  the  United  States. 

The  proposed  height  of  this  dam  from  its  foundation  to  its  top  is 
far  less  thfin  found  in  a  number  of  masonry  dams  already  built,  and 
the  making  of  the  earth  embankments  on  the  two  sides  of  the  masonry 
core  is  simply  wasting  the  material  from  the  summit  cut.  The  con- 
struction of  the  Gamboa  dam,  therefore,  involves  no  formidable 
obstacles  not  heretofore  successfully  encountered  in  engineering 
practice. 

The  practicability  of  certainly  and  satisfactorily  controlling  the 
floods  of  the  Chagres  by  so  simple  and  economical  a  method  as  the 
Gamboa  lake  and  its  outflow  channels,  and  the  reduced  cost  of  exca- 
vation as  actually  demonstrated  by  the  work  of  the  Commission  in  the 
Ciilobra  cut,  makes  the  construction  of  a  sea-level  canal  at  a  reason- 
able cost  far  more  available  than  has  heretofore  appeared  possible. 
These  recent  developments  in  the  conditions  attending  the  construc- 
tion of  the  canal  are  so  important  as  to  be  almost  controlling  in  char- 
acter. The  remaining  element  is  that  of  the  time  required  to  make 
the  great  summit  excavation.  It  is  to  be  carefully  observed  that  the 
results  thus  far  obtained  in  the  Culebra  cut  have  been  reached  under 
disadvantageous  conditions  of  both  organization  of  plant  and  force. 
The  railroad  tracks  serving  the  excavators  are  yet  fragmentar}-  and 
tentatively  placed  to  serve  the  purposes  of  investigation.  In  both 
respects  the  disposition  of  plant  is  far  more  unfavorable,  both  to 
economy  and  celerity  of  operations,  than  will  be  the  case  when  a  com- 
I)lete  track  system  has  been  arranged  and  laid  down  to  serve  a  large 
number  of  steam  shovels  operated  by  an  experienced  force.  In  the 
face  of  these  disadvantageous  conditions,  the  cost  of  excavation  ha« 
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been  reduced  far  lower  than  was  anticipated,  and  it  has  been  demon- 
strated that  each  steam  shovel  may  be  counted  upon  to  yield  an  aver- 
age record  of  at  least  1,000  cubic  yards  per  working  day.  The  chief 
(engineer  estimates  that  with  100  steam  shovels  installed  with  a  com- 
plete system  of  tracks  serving  them,  a  yearly  record  of  30,000,000 
cubic  yards  of  excavation  may  oe  reached  without  reauiriiig  a  greater 
output  per  shovel,  or  a  greater  speed  in  working,  tnan  has  already 
been  attained.  This  rate  of  working  could  probably  be  reached 
within  two  years  from  the  present  time. 

With  the  rate  of  progress  which  now  appears  reasonable  to  antici- 
pate, this  committee  believes  that  a  sea-level  canal,  with  a  tidal  lock 
1,000  feet  long  and  100  feet  usable  width,  at  Miraflores,  can  be  com- 
pleted within  ten  to  twelve  years  from  this  time,  the  bottom  width 
of  the  canal  being  150  feet  and  the  minimum  depth  of  water  35  feet 

These  considerations  have  induced  this  committee  to  express  to  the 
Commission  its  unanimous  judgment  that  with  the  contemplated  sys- 
tem of  working,  and  with  the  rate  of  development  which  appears  to 
be  justified  by  the  work  now  being  performed  at  Culebra,  a  sea-level 
canal,  free  from  the  restriction  of  locks,  should  be  adopted.  This 
committee  believes  that  such  a  canal,  with  terminal  harbors,  can  be 
constructed  for  a  sum  not  exceeding  $230,500,000. 

The  advantages  of  a  sea-level  canal  across  ttie  Isthmus  are  most 
obvious.  It  would  be  a  waterway  with  no  restriction  to  navigation 
and  which  could  easily  be  enlarged  by  widening  or  deepening  at  any 
time  in  the  future,  to  accommodate  an  increased  traffic,  without  any 
inconvenience  to  the  shipping  using  it.  Whereas,  a  lock  canal  is  in 
reality  a  permanent  restriction  to  the  volume  of  traffic  and  size  of 
ships  that  use  it.  Although  it  is  possible  to  design  and  construct 
locks  adapted  to  the  future  transformation  to  a  sea-level  canal,  that 
transformation  can  not  be  made  without  serious  inconvenience  to  navi- 
gation and  at  a  cost  so  great  as  to  be  excessive.  The  additional  cost 
of  a  sea -level  canal  over  that  of  a  canal  with  locks,  with  a  summit 
level  of  60  feet  above  mean  tide,  is  $52,462,000,  or  $79,742,000  more 
than  the  estimated  cost  of  the  lock  canal  with  a  summit  level  85  feet 
nbove  mean  tide,  proposed  by  the  former  Isthmian  Canal  Commission, 
sifter  allowing  $6,500,000  for  the  Colon  breakwater  and  direct 
entrance  not  previously  estimated.  This  committee  considers  this 
additional  expenditure  fully  justified  by  the  advantages  secured. 

This  committee  has  considered  most  carefullv  suitable  dimensions 
for  the  cross  sections  of  the  canal  to  be  built.  It  has  had  in  view  the 
dimensions  lof  the  ship  canals  now  built  and  in  use,  such  as  the  Suez, 
the  Manchester,  the  North  Sea,  and  other  similar  waterways.  The  fact 
has  also  been  carefully  borne  in  mind  that  the  city  of  New  York  is 
deepening  its  entrance  channel  to  40  feet.  On  the  other  hand,  it  is 
recognized  that  the  depth  of  the  Suez  Canal  is  less  than  30  feet,  that 
the  depth  of  the  Manchester  Canal  is  26  feet,  the  North  Sea  Canal 
32.8  feet,  and  the  Kiel  Canal  29.5  feet.  It  is  also  recognized  that  at 
the  present  time  no  loaded  ship  either  enters  or  leaves  the  harbor  of 
New  York  drawing  more  than  about  33  feet.  It  is  believed,  there- 
fore, that  for  many  years  the  commerce  seeking  the  Panama  Canal 
will  be  amplv  accommodated  by  a  depth  of  water  not  exceeding  35 
feet. 
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In  view  of  these  considerations,  this  committee  expresses  its  recom- 
mendation of  the  Commission  bv  the  following?  two  resolutions,  unan- 
imously passed  in  its  meeting  or  February  3 : 

9.  Resolved,  That  150  feet  be  reoomniended  as  the  minimum  bottom  width. 

10.  Resolved,  That  :^'>  feet  be  recommended  hh  a  minimum  depth,  but  that 
ecitimates  be  preimred  for  a  depth  of  40  feet  as  well. 

If  a  canal  with  locks  should  ultimately  be  determined  upon,  this 
committee  is  of  the  opinion,  in  view  of  the  restrictions  which  such 
structures  inij)ress  upon  a  growing:  commerce,  and  in  view,  also,  of 
the  difficult  and  costly  process  of  transformation  to  a  sea-level  canal 
under  any  practicable  conditions,  that  the  locks  should  be  made  of 
1,000  feet  usable  length  and  100  feet  usable  width,  but  fitted  with 
intermediate  gates  so  as  to  accommodate  small  ships  with  less  con- 
sumption of  water  and  less  time  required  to  pass  the  kx^ks. 

The  borings  along  the  sites  proposed  for  the  dam  across  the  Chagi*es 
near  Bohio  nave  shown  that  bed  rock  is  deeper  than  has  been  sup- 
posed at  all  the  sites  contemplated.  The  greatest  depth  to  rock,  both 
at  the  French  site  and  on  that  tentatively  proposed  by  the  former 
Isthmian  Canal  Commission,  is  about  158  feet  below^  sea  level,  and 
but  little  less  at  a  third  site  a  short  distance  upstream  from  the 
former,  as  shown  by  the  Iwrings  thus  far  made.  These  results  indi- 
cate greatly  incn»ased  difficulties  in  the  construction  of  any  dam  in 
the  vicinitv  of  Bohio.  Further  borings  are  now  being  made  at  a 
site  near  liueiuivista,  little  more  than  half  a  mile  alx)ve  the  French 
site,  where  the  depth  of  bed  rock  seems  to  be  at  sensibly  less  depth. 
The  investigations  now  in  progress  will  soon  \ye  completed.  Their 
completion  is  necessary  to  determine  the  most  advantageous  dam  site 
in  the  vicinity  of  Bohio  or  Buenavista,  if  such  a  dam  should  be 
required.  These  borings,  like  others  previously  made  in  this  location. 
have  disclosed  coarse*,  gravelly  material,  freely  water  l)earing  down  to 
bed  rock  at  many  points,  as  well  as  occasional  frajgments  of  timber. 
This  clearly  indicates  the  necessity  of  cutting  off  subsurface  flow 
along  the  deepest  bed  rock,  in  case  a  dam  should  be  built  at  this  loca- 
tion. These  conditions  are  formidable  because  they  are  found  at 
such  great  depths. 

The  surveys  and  examinations  which  have  been  made  in  regard  to 
a  possible  dam  site  across  the  Chagres  River  at  (xatun  show  that  such 
a  structure  is  not  feasible.  The  width  of  the  floor  of  the  valley  at 
that  point  is  about  5,000  feet,  and  two  borings  made  at  what  applears 
to  be  the  most  favorable  section  penetrated  to  a  depth  of  172.7  feet 
and  189.2  feet  below  sea  level,  respectively,  without  finding  bed  rcK'k. 
Other  examinations  and  borings  have  also  been  made  at  other  sections 
of  the  Chagres  Valley  where  a  dam  site  seemed  possible,  between 
Gatun  and  Bohio,  but  with  equally  unfavorable  results.  It  is  clear, 
therefore,  that  it  is  not  feasible  to  construct  a  dam  across  the  Chagres 
River  at  any  point  lower  down  in  its  course  than  at  Bohio. 

As  will  be  seen  by  the  report  of  the  chief  engineer,  the  examinations 
made  along  the  alternative  line  between  Bohio  and  Gatun,  known  a> 
the  Tiger  Hill  cut-off,  show  that  it  will  be  costly  to  construct,  and  that 
for  a  considerable  distance  between  Tiger  Hill  and  Bohio  it  would  be 
necessary  to  retain  the  water  in  the  canal  by  embankments  not  less 
than  20  feet  hi^h,  in  some  cases  on  soft  ground.  This  committee  is, 
therefore,  unanimously  of  the  opinion  that  it  is  advisable,  both  on  the 
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score  of  economy  and  of  safety  of  construction,  to  retain  the  present 
canal  line  between  Gatun  and  JBohio. 

At  the  meeting  of  this  committee,  held  on  February  14,  the  follow- 
ing resolution  was  unanimously  adopted : 

13.  Resolved,  That  this  committee  approve  and  reoommend  for  adoption  by 
the  Commission  a  plan  for  a  sea-level  canal,  with  a  bottom  width  of  150  feet 
and  a  minimum  depth  of  water  of  35  feet,  and  with  twin  tidal  locks  at  Mira- 
flores,  whose  usable  dimensions  shall  be  1,000  feet  long  and  100  feet  wide,  at 
a  total  estimated  cost  of  $230,500,000.  Such  estimate  includes  an  allowance 
for  administration,  engineering,  sanitation,  and  contingencies,  amounting  to 
$38,450,000.  but  without  allowance  for  interest  during  construction,  expense  of 
Zone  government  and  collateral  costs,  and  water  supply,  sewers,  or  paving  of 
Panama  or  Colon,  which  last  items  are  to  be  repaid  by  the  inhabitants  of  those 
cities. 

Respectfully, 

Wm.  H.  Burr. 
Wm.  Barclay  Parsons. 
Geo.  W.  Davis. 
Rear- Admiral  John  G.  Walker,  U.  S.  N., 

Chairman^  Isthmian  Canal  Commission^ 

Washington^  D.  C. 
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Permeable    material 150, 231 

Retaining  walls  on  either  side 202 

Sediment 181 

Silt    deposits 182,  208,  209,  232 

Sliding  wet  clay 127,183,205 

Slopes  and  benches 204 

Submerged   channels 179,227,2.30 

Suez 169.180,203 

Summit    level 146, 158 

Tide,  mean  range  of 112 
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Doubt  of  stability 223 

Estimated  cost 122, 125 

Masonry  versus  earth 121,152,223,229 

Should  be  done  by  contract 188 

GatuQ  dam I 124 

Borings 148,154,226 
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978  INVESTIGATION   OF   PANAMA   CANAL   MATTERS. 

rniial — (Continued.  ^*«e*^- 

Boriiifrs   at   Mindl .318 

Breakwaters   RiS.iVH? 

Cliagres  River,  discharKe  into 278.270 

Curves  in,  avoldanw  of - 243 

Culebra  estimates,  use  of  steam  shovel,  etc 202 

Dimensions    of ^ 2JS1 

Distribution  of  sjioll  from  Culebra  cut 289-201 

EiRbty-flve  foot  level,  lake  system  of 311 

Kiiuipment  and  cost   thereof 8:<2.  .'ttl 

Estimates  of  cost  for  building  have  not  included  ex|iense  of  sjinita- 

tion,    etc 274.  27r> 

Evolution  of  plans  for 27«5-27M 

Military  asi»e<'t  of  end  Irn-ks 205.  20<;,  207 

ObisiK>    basin 287,288 

Panama   a|>i>TOacb,  depth  of 203 

Prism  of 278 

Helations  of  Culebra  section  to  transit  and  capacity ;»0 
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Ships   durln^r   earthquakes 438 

Ships   in   locks 380,  :^5 

Borings : 

Foundation  of  Gatun  dam 414 
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Construction,  canal  by  contract 402,404 

Culel>ra  cut,  amoimt  of  material  to  be  excavated 431 

Dam  : 

Gatim.   height  of____ 3fM) 

(Jatun : 

Water  i>ressure  on 391 

I>ocation  and  safety  of 404,413,416 

Gamboa,  location  and  foundation 420.422 

Dynamite,  its  i)<)wer  to  destroy  locks ;i84 

Earthquakes,  effect  upon  locks 38ii.  432,  437 

Excavation,    (»ost   of 401 

Gamboa  dam.  location  and  foundation 420,422 

(Jatun  dam : 

Foundation    of 414 

Location  and  safety  of 4(H,413,  419 

Height    of 390 

Water  i)ressure  on 391 

Gatun  locks : 

Dimensions    of 369,379,411 

location  of 372.412 

Safety  of 376,  ;«0,  38:^ 

Indurateii  clay  is  i)ermeal)le 412,414,417 

Kiel  ('anal,  length  of  locks 395 

Lands,  submerged,  cost  of 393,395 

Limon  Bay,  protec'tion  of 374 
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Gatun—  P«»«e- 

Danger  of.  In  operation 370, 37e,  381, 390. 39S 

Dimensions    of 369, 375,  .WW 

IxMMtion  of 372.412 

Desfi-iption  of  different  tyiJes 38i> 

Diiflciilt  for  large  ships  to  enter « liTT 

Exi>enKe   of 'SSii 

Obje<'tion8  to,  by  the  majority .*W<» 

Time  to  pass  through 388,3»i,428 

Kiel  Canal.  length  of 3J>.> 

Manchester  Canai .'i88 

Soo   Canai :i.si» 

Tidai.  in  sea-ievel.  the  destruction  of 384 

liOek  eaual : 

As  proiwsed  by  the  majority' 410 

Safety  of,  from  earthquakes 438 

Time  for  construction 3!*:> 

Minority  plan,  feasibility  of t 370,44R> 

Majorltj^  plan,  not  necessary  to  change.. :>71 

Manchester  Canal :    - 

Ac<idents  in 371,3»5.:«)2 

Locks  of_' 38S 

Compared  with  the  projjosed  sea-level  canal  at  Panama 421 

Operation  of  locks,  danger  of 370 

Parsons,  W.  B.,  biography  of :^u 

Sea-level  canal : 

Cost  of  constructing ;«)3 

Not  necessary  to  change 371 

Time  for  construction 393.  :tt>i> 

Time  for  passing  through 42t> 

Mr.  Stevens's  opinion  on 428,^430 

Stevens,  John  F.,  testimony,  the  criticism  of 428,  43(> 

Ships,  difficulty  of.  to  enter  locks 377 

Soo  Canal,  locks  of 389 

Suez  canal  compared  with  the  proposed  sea-level  canal  at  Panama 371, 

•   421,429,431 

Tidal  waves 373 

Tidal  locks : 

Sea-level  canal 384 

Time  for  passing  through 42G 

Topography  for  location  of  locks 390 

Volcanoes,  effects  on  locks 373 

Water  storage  for  lock  purposes 387 

STATEMENT  OF  ALFRED  NOBLE. 

[Pages  441  to  494.] 

Alhajuela  dam,  site  for 474 

Accidents  In  locks  at  different  canals 482^ 

Bohlo    dam 451 

Bates  plan  for  canal,  objections  to 453 

Borings  for  locks  at  Gatun  Hill 402,467,480 

Buoys,  establishment  of,  in  lock  canal 459 

Canal : 

Construction  of  either  type  is  exceptional 471 

Bunau-Varilla  type  and  location  of 449 

Lock,  advantages  of 455,484 

Des.truction  of  either  type  in  time  of  war 488 

Sea  level — 

Time  of  passing  ships 442 

Cost  of  operating . 445.447 

Sault  Ste.  Marie,  construction  of 483,485 

St.  Marys  Falls,  comparison  with 485 

Soo,  time  for  passing  through 48G 
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Chagres  River :  Page. 

Drainage  of 444 

Flood  waters  of 447, 44S 

Clay.    ( See  Indurated  clay. ) 

Construction,  difference  in  time  between  the  two  types 484 

Culebra  cut,  width  of,  under  different  types  of  canals 458 

Dam: 

Alhajuela,  site  for 474 

Bohio,  site  for 451 

Difference  of  opinion  on 478 

Foundations  for 453 

Gamboa,  site  for . 446 

Gatun,  site  for 452,454,469 

Mindi,  site  for 454 

One  preferred 477 

Dredging,  sea-level  canal 444,455 

Earthquakes,  its  effects  on  canal 476 

Gamboa  dam,  control  waters  of  Chagres  River 446 

Gatun   dam 452, 454, 469 

Indurated  clay 452, 466 

Lock  canal : 

Advantages  of  455 

Sui)erior  to  any  other 482 

Looks : 

Borings  for 462 

Description  of  different  types 489 

Dimensions  of 461, 472, 487 

Height  of 462 

Safety  of 453, 470, 481, 488, 490 

Lands,  cost  of  acquiring,  to  submerge 484 

Maintenance,  sea-level  canal 445 

Minority  report,  its  advantages 482 

Navigation : 

Danger  of,  in  locks 481 

Difference  in  time  between  the  sea-level  and  lock  canal 458 

Either  canal 488 

Safer  in  lock  canal 456 

Noble,  Alfred : 

Biography  of « : 441,472 

Previous  testimony  in  regard  to  Bohlo  dam 463,  465,478 

Operation,  sea-level  canal,  cost  of 445,484 

Revetment  of  walls  in  lock  canal 484 

Sault  Ste.  Marie  Canal,  construction  of 483,485 

Sea-level  canal : 

Cost  of  operating 445 

Features  of 442 

Feasibility  of 451 

Maintenance  of 447 

Transformation  of,  into  a  larger  one 490 

Seepage,  its  effect  upon  Gatun  dam 475 

Ships,  size  of '  456 

Silt,  disposal  of i 444 

Soo  Canal,  time  for  passing  through 486 

St.  Marys  Fall  Canal,  comparison  with 485 

Suez  Canal,  time  for  passing  through 457 

Water :  * 

Amoinit  refiuired  for  locks ^ 473 

Percolation  of 477 

STATEMENT  OF  FREDIRIC  P.  STEARNS. 

[Pages  496  to  566.]  • 

Austin  dam,  sliding  of 508 

Alluvial  material,  tests  made  different  times  as  to  it  being  water  tight 512 

Borings : 

Bohio    501 

Buena  Vista 501 
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Borings—Continued.  Pag«. 

Depth   of 498.500 

For   looks 551,  r»r>4 

Gntun   dam 497.  501.53.0 

Belle  Fourche  dam,  South  Dakota,  compared  with  others 516,530 

Blueprints  showing  soil  on  axes  of  proposed  dam  at  Gatun,  as  accepted 

by  majority  and  minority .'>23 

Bohio  dam,  papers  on,  by  G.  S.  Morrison r>:^ 

Burr,  W.  H..  testimony  criticised  by  Mr.  Stearns 511,530 

Obagres  River: 

Flow   of ^ 542 

Disiwsition  of  its  waters 526 

Clay.     (Sec  Indurated  clay.) 

Construction,  difference  in  cost  of  a  sea-level  or  lock  canal 540 

Dam: 

Gatun — 

Ah  proiwsed  by  the  minor! tj',  the  safety  of 5.^ 

Construction  of 526 

Discussions   of .537 

Foundation   of 506 

Height  of 496 

Not  an  engineering  guess 507 

Belle  Fourche.  South  Dakota,  compared  with  others 516.5:^ 

Bohio.  pai)ers  on,  by  G.  S.  Morrison 538 

Mill  River,  disaster  of 514 

Pilarcitos,  Cal..  comimred  with  others 521 

San  Andres,  Cal.,  compared  with  others 522 

S:\n  Leadro,  safety  of 518 

Dike : 

An  exi)erimental  one  built 514 

At  Holland,  the  hydrostatics  of 517 

Dredging,  expense  of  in  either  type  of  canal 542,  546 

Filtration,  insignificance  of 511 

Gorge,  causes  for ."lOO 

Indurated  clay 498,508,523.  521* 

Absolutely  water-tight^ 511 

Lock  canal,  transformation  into  sea-level  canal 546.548 

Locks : 

Accidents  to  ships 562-5t»6 

Their  usable  length j. , ,      .Vil 

Discussions  on 552.  559 

Material,  sci-uring  of,  for  the  construction  of  dam 520 

Maintenance,  cost  of  maintaining  a  sea-level  or  lock  canal 541 

Mllburn  reservoir.  New  York  City.  N.  Y.,  construction  of 5:*) 

Mill  River  reservoir,  failure  of 514 

Navigation,  safety  of,  in  locks 557 

Nichols,  his  reiJort  on  test  holes  to  Commission 504 

Pilarcitos  dam.  California,  comparison  with 521 

Reservoir:  Milbum,  New  York  City,  N.  Y.,  constiTiction  of 5.'?0 

Stearns,  Frediric  P.,  biography  of 4i^*> 

San  Andres  dam,  California,  safety*  of 522 

San  Leador  dam,  California,  safetj-  of_i 518 

Silt  from  Chagres  River  and  effect  on  canal 542 

Spillways,  discussions  of 526,536 

Suez  Canal : 

Comparison  of  revenues  with 547 

Grounding  of  ships 562 

Tidal  locks,  discussfons  on 5*V) 

Volcanoes,  actions  of 528 

STATEMENT  OF  JOHN  F.  WALLACE. 

[Pages  567  to  650. J 
Canal: 

Care  of  employees 634,  tvC 

Chagres  River  diversion 590 

Dues   -, t>4« 
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Canal — Continued.  I*age. 

If  50()  feet  wide  from  the  Pneilic  to  Miraflores  no  tidal  lock  needd— _       595 

Lock-level  plan,  modification  of OOH 

Time  needed  to  construct 569,571,609,010,611,612 

Type  of,  if  not  sea  level,  should  he  eajwible  of  ti'ansformatlon 570 

Sea-level  plan — 

Cheaper  to  maintain 606 

Cost  of  maintenance .    647 

Cost  of  widening "    59i5 

Method  of  construction 612-620 

Presents  no  unusual  or  untried  problems 642 

Safest 602 

Straight,  sea- level,  of  ample  width  and  depth  best 568 

Tidal  lo(*k8.  net-essity  for,  questionable 647 

Cromwell,  N.  W.,  presents  claim  of  New  Panama  Canal  Compajny 636-<>40 

Dams : 

Foundations  should  be  in  bed  rock 570-575 

Bohio— 

Borings    5M0 

Seepage    at 577 

Ganiboa — 

Foundation    576 

Csabie  for  lock-level  canal 597 

Gatun — 

Borings  at 583-588 

Foundation    insecure 575, 646 

Seepage    at 576,578.581,582,592,593,645,647 

La   Boca,  foundation 607,608 

Sosa.  foundation 607 

Locks  at  Gatim,  foundation  uncertain 599,647 

Panama  Railroad : 

Average  rate  i^er  ton  across  Isthmus 604, 643, 644, 648 

Increasing   business   of 572,573,644,645.648 

Suez  Canal,  commerce  passing  through,  etc 649,650 

Wallace,  J.  F.,  pai)ers  submitted  by 645-650 

STATEMENT  OF  COL.  O.  H.  ERNST,  U.  S.  ARMY. 

[Pages  651  to  696.] 
Canal : 

Borings  along  line  of (587,688 

Contract  plan  favored 691,692,693,696 

Excavating,  cost  of 689,690 

Maps,  etc.,  purchased 688 

Neutrality  of . 662,663,664  ^ 

Various  plans  for .' 675,676 

lA>ck  level — 

Angles  in  course  of 653,654 

Excluding  all  less  than  45  feet  dee^,  will  have  three  times  the 

volume  of  water  in  entire  sea  level 652,653 

Straight  course  advantageous 653 

Submerged  lands,  estimated  value  of 690 

Sea  level — 

Curves  objectionable 654 

Heavy  rock,  cutting  objectionable , 675 

Sea  gate  needed 673,674 

Dams : 

Bohio— 

As  to  favorable  location  for 676,677,678 

Seepage  at  and  prevention  of 679,(580 

Gamboa,  character  of 

(jatun — 

Availability  of  site  at (566 

Foundation  satisfactory 668 

Indurated  clay  near 695.69(5 

Seepage  trifling 668, 669 

Spillway  at 693. 694, 695 

ENG  I  c — 0(3 (J4 
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Dredges  can  accompllflb  more  work  than  shovels,  but  If  canal  Is  used  to    Page. 

dispose  of  spoil  at  sea  only  two  or  three  could  be  used 67u 

Ernst,  O.  H.,  favors  lock-canal  plan 651 

Excavation  by  French  company,  allowance  for . 664, 665. 66f.» 

Qamboa,  rock  at  sea  level 672 

Isthmian  Canal  Commission  *( Walker),  operations  of 681-689 

Laborers,  care  of 685,686 

Locks: 

Bohio,  site  will  not  accommodate  900  feet - 667 

Gatun — 

Danger  In  operating 662 

Foundation  for 666,667 

Usable  length  of 655-661 

Volcanoes 670 

Volcanic  origin  of  sugar-loaf  hills  near  Oatun 6d5.69t» 

STATEMENT  OF  BRIG.  GEN.  PETER  C.  HAINES.  U.  S.  ARMY  (RETIRED). 

[Pages  607  to  770.] 

Canal: 

Modified  plans  for,  considered  by  Commission 727,728 

Neutrality  of 721,  722 

Work  done  by  French  company,  statement  of 743,744,745 

Lock-level  plan  of — 

Can  be  deepened  readily  and  widened  at  less  cost  than  sea-level..      720 

Cost  for  maintenance  lowest 705 

Culebra  cut,  diminished  depth  of  decreases  danger  from  slides.  717. 718 

Danger  to  ships  in  using  locks  exaggerated 721 

Deeper  by  5  feet  than  sea-level 706 

French  commission  abandoned  sea- level  for 706 

Fresh-water  lake  in,  an  advantage  to  ships 720 

Water  supply  for 715,716 

Sea-level  plan — 

Borings    for.. 690.700 

Current  In 719 

Curvature  of 711 

Chagres  River  discharged  into,  effect  of 707-713 

Chagres  River  diversion  a  danger  to  construction  of  canal 714,  715 

Excavation,  magnitude  of  in  Culebra  cut  formidable 702, 

*                 703, 704,  722,  723 
Immense  cost  and  length  of  time  needed  to  construct  may  endan- 
ger appropriations  for 724 

Longer  than  lock  canal 724 

Not  sufficiently  wide ^^ 705,710,711 

Size  and  number  of  dams  objectionable 713,714 

Tide  will  possibly  require  sea  gates  to  be  closed  continually 721 

Canal  2k>ne,  laws  of 754,755 

Dams: 

Gatun — 

Foundation  of 728,729,730,7^1 

Indurated  clay 738,739 

Seepage  at  and  how  prevented 731-737 

Sufiiclency  of 737 

Earthquakes   738, 739,  740, 741 

Haines,  P.  C,  favors  lock  canal 698 

Indurated  clay,  varieties  of 738,739 

Isthmian  Canal  Commission  of  1901 : 

Why  it  rejected  sea-level  plan 698,699 

Work    of 701, 745-754 

Work  of  present  Commission 751 

Locks,  Gatun,  foundation  for 728 

New  Panama  Canal  Company,  claim  of,  and  matters  connected  there- 
with      756-770 

Panama  Railroad  Company,  management  of 755,756 
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GEN.  HENRY  L.  ABBOTT. 

[Pages  770  to  777.] 

Page 

Written  statement  of,  concerning  type  of  canal 770-777 

Dam  at  Gatun ; '    773 

Danger  from  assault  on  canal  less  In  lock-level  plan , 775 

Danger  from  earthquakes 775 

Favors  lock-level  plan 772 

Locks,  size  of ^ 774 

lockage   times 774 

Relative  merits  of  sea-level  and  lock-level  projects 770-773 

Tidal  locks,  open  gates  at 774 

Water  supply  for  lock  canal 776 

STATEMENT  OF  MAJ.  GEN.  GEORGE  W.  DAVIS. 

[Pages  779  to  955.] 

Banks : 

Contract  plan  of  building  canal  would  remove  need  for  supplying 

finances : 954 

Important  to  establish  fiscal  system 954 

Buildings,  old,  repair  of 909 

Cable  facilities  should  be  improved 944 

Canal : 

Any  canal  built  should  be  transformable 937 

Cost  of  maintenance  and  operation 812 

Curvature  at  entrance  to 947 

Data  re  curvature  of  existing  and  proposed  canals 830,947 

Effect  of  wind  on  tide  not  serious 831 

Expected  increase  of  population  a  factor  in  determining  type  of 784 

Free  to  people  of  Panama  or  the  Government 942 

Joint  interest  or  responsibility  with  Panama  undesirable 954,955 

Letter  from  President  of  United  States  to  Secretary  of  War  delegat- 
ing to  War  Department  the  duty  of  building  the  canal,  etc 875  to  881 

Neutralization  of 850, 851 

Time  required  for  ships  to  pass  through 800 

Why  type  should  be  decided  soon 938 

Width  of  berm  same  in  either  tjrpe 805 

Work  done  on,  at  time  of  transfer  to  United  States 903,904,905 

By  Chief  Engineer  Wallace 906 

Contract  plan > 839  to  842,953 

Contractor  should  be  free  to  get  labor 842 

To  fix  hours  of  labor 843 

To  control  Panama  Railroad \ 843 

Combination  lock  and  sea  level  plan 866 

Amount  and  cost  of  excavation  saved  over  entire  sea-level  type.  871, 872 

Condition  of  country  between  Matachln  and  Gamboa 869 

Dams  not  needed  at  60-foot  level 870 

Feasibility  of . 867 

Financial  considerations  of 868 

Foundations  between  Matachin  and-Bohio 869 

Foundations  at  Obispo ^ 868,869 

Menocal's  plan 933 

Not  deemed  by  General  Davis  to  be  practicable 932-935 

Question  of  practicability,  etc 868,931 

Saving  in — 

Cost 936 

Time   936 

Three  locks,  going  up  to  00-foot  level,  cheaper,  transformable,  and 

practicable 870, 935, 937 

Water  supply  ample 870,  a37 

Why  better  than  minority  plan 871,872 
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Ca  iia  1 — ( 'ontl  nued. 
Dams — 

Qamboa —  p»««- 

Effetrt  of  flood  waters  on 8*11 

Nec-eflsity  for  perumnent 8*>i» 

Proi)OHed  rei^latlon  works  involving  viaduct  across  Charges 

River 8fi8 

/     Water  can  l>e  used  to  generate  electric  power itU 

uatun.  foundation  unequal  and  insecure 8<)1 

Obispo,  retaining  Imsin  at,  calculated  to  relieve  pressure  on  Gani- 

lK)a  dam 858,  859 

Ix)cits — 

Of  Soo  canal,  dimensions  and  capacity 785.  78»» 

Water  for 786, 870 

Gatun,  amount  of  excavation  at 812 

Ijoclt-level  plan — 

Concerning  curvature  of 789,790 

Time  needed  to  construct 810.811 

Transformabillty  818.  mi 

liock  sites,  several  favorable  between  Gamlwa  and  Bohio 8(«» 

Sea- level  plan — 

Chagres  Uiver,  course  of,  followed  by 8*13 

Chagres  water  entering  from  Gamboa  will  be  clean 813 

Comparative  cost  of  maintaining  channel 814 

Comparison  with  Suez  Canal 817 

Cost  of  widening ^—       818 

Currents  formed  by  ebb  and  flow  of  tide 807 

Currents,  how  formed,  velocity,  etc 808,809 

Curvature  of,  (»ompared  with  others 789,828,8119 

Diagrams  of  shiiw  in 79<5 

Drefiges,  limited  sphere  of  usefulness 8(>4-80«5 

Diagrams  showing  ships  passing  on  curves 828 

Diversion  works  only  for  use  during  canal  construction 830.  SKU 

Estimate  of  cost  not  too  low 8(W 

General  Davis  favors  sea-level 781 

Passage  of  large  shiiw  through 797 

Restricted  channel  preventing  ships  turning SfXi 

Salt  water  in,  is  a  factor  in  determining  sufficient  depth  of 795 

Summary  of  cost  of  maintenance 810 

Tidal  lock,  re  need  of 8f»5, 80^5,808. 809,  810 

Could  l)e  determined  after  dredging 809 

Turn-outs,  cost  of  maintenance 815,827 

Water  supply  ample  from  Gamtx)a  dam 832,  8:W 

Width  of,  cost  of  increasing 7m>,  797,  798,  7J«> 

When  completed,  receives  all  flood  waters 8<lo 

Canal  Zone: 

Agreement  for  delimitation  of 92l-92»> 

Announcement  of  pun)oses  for  which  established !M9 

Citizenship  of  natives 881 

Citizenship  of  United  States  citizens  not  changed 881 

Commerce  on — 

TarilT,    etc 893 

Trade  relations  established  by  agreement 893, 8SU 

->Courts     874,885,891,892 

Api)eal  from,  to  Supreme  Court  United  States 8!i2 

Criminal  code 874 

Deportation  of  undesirable  ijeople 883,88-4,887,8*^ 

Elections    SS:i 

Flag  of  I'nited  States,  as  to  technical  right  to  he  raised 882 

Gambling   SSr2 

Government  of 872,889,890,891.921 

Jury  trial  not  resorted  to 874 

Laborers  on,  at  time  of  transfer  to  United  States 900 

Law^s  of 873 

Money — 

Character  of.  in  circulation,  etc 894.897 

Exchange  on  drafts 897 
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liiiborera  on,  at  time  of  transfer  to  I'uited  States — Continued.  T&ge. 

Fluctuations  in  price 89<» 

How  secured 895 

Pardoning  i)ower  vested  in  governor 886 

Penitentiary  on 885, 88(5 

Property  on,  marlied  "  I.  C.  C." 949 

Republic  of  Panama  claims  partnership  with  United  States  in  judicial 

functions  on 801 

Sovereignty  of  Republic  of  Panama  on 882 

United  States  has  absolute  authority  for  purposes  of  government 888 

West  Indian  negroes  temjjerate  but  lazy 888 

Chagres  River  Valley 854,855,85(5,857 

Diversion  of,  contemplating  use  of  viaduct  at  Gamboa SiiH 

Colon.  Jurisdiction  of.  in  Panama 947 

Part  excepted  by  agreement 948 

Davis,  George  W..  MaJ.  Gen. : 

Duties  of 77^78*2 

Favors  constructing  canal  by  contract 839.953 

Statement    of 779-955 

Status  of,  in  dealing  with  Republic  of  Panama 927 

Regarding  incomplete  report  of 919,920,921,9128,929 

De  Obaldia  letter 929 

Documents : 

**  Sundry  technical  reports  In  relation  to  the  Panama  Canal,  etc.",  to 

be  printed  as  appendix  to  hearings 931 

First  annual  reix>rt  of  Isthmian  Canal  Commission  and  letter  of 
Secretary  of  War  transmitting  It.  to  be  printed  as  apiiendix 
to  general  rejwrt 931 

Earthquakes   851. 852,  853 

Fuel,  secured  from  Panama  Railroad  Company 910 

Geological    gorges 802 

Isthmus  of  Panama  : 

Cattle  on 955 

Regarding  condition  of  countrj-  between  Bay  of  Llmon  and  Bay  of 

Panama    : SK)8 

Sickness  on,  and  means  to  iviieve 912 

Isthmian  Canal  Conunisslon: 

Conduct  of  aflPairs  by 915-919 

Meetings  on  Isthmus 913 

Reasons  for  changing  i)ersonnel  of 914 

Laborers : 

Chinamen    IK)8 

Feeding  of,  difficult  to  do  by  contract 945 

No  shortage  of 907,908 

Number  of,  on  Zone  at  time  of  transfer  to  United  States 900 

Went  to  Isthmus  voluntarily,  and  the  early  arrivals  at  their  own  ex- 
pense           fH)7 

New  Panama  Canal  Company: 

Claim  of,  against  United  States.     (See  Panama  Canal  Company.) 

Bonds   of 919 

Stockholders    in 919 

ObisjK),  character  of  foundations  near 869 

Old  Panama  Canal  Company,  stock  and  bonds  of 919 

Panama  Canal  Company  and  Railroad  Company  proi>erty 898. 899,  ;K)0 

Regarding  claim  against  United   States  acctmnt  construction  work 

done  on  canal  i)ending  negotiations  for  transfer 900-903 

Panama  Railroad : 

Accfmnts  of,  audited  by  Isthmian  Canal  Commission 952 

Double  tracking  of 912 

Imi)ortance  of,  In  rebuilding  of  canal 911,941 

Meetings  of  board  of  directors,  where  held 910 

Necessity  for  chief  contractor  of  canal  controlling 953 

Necessity  for  changing  location  of 939,940 

Resi)ecting  its  independence  of  the  Isthmian  Canal  Commission 950-953 

Rolling  stock  inadequate  to  move  freight 911 

Ships    of 945 

Unimportant  after  canal  ift  built 941,942 

Water  supply  at  Colon.-.^. 946 
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Pay  of  employees,  allotment  of,  to  families  is  troublesome  and  costly  to    PMe. 
United  States 94^945 

Sanitation,  character  of  work  of 909 

Submerged  lands : 

Tities   to 84i,845,»46 

Probable  cost  of 847,848,849 

Suez   Canal 782, 783 

Cost  of  operating  and  maintaining 822,823,824 

Cost  of  operating  turn-outs 799 

Dredging  needed  to  keep  channel  open 813 

Government  of  Canal  Zone . 834 

Navigation    of 790-794 

No  sea  gates 820 

Profits   of 825 

Size  of  vessels  using ^^ 821 

Width  of 819 

Unit   prices 803,804,826,827,872 

Vessels  of  12,000  tons  and  over 835,836,837 

Water  supply  at  Colon 945,946,947 

WRITTEN  STATEMENT  OF  B.  M.  HARROD. 

[Pages  956  to  958.] 

Ample  water  supply  at  Bohio  doubtful 957 

Confident  of  stability  of  dam  at  Gatun_— 958       i 

Gatun  dam  foundations  better  than  at  Bohio 957 

Gatun  dam  location  offers  10  miles  more  unobstructed  water 958       i 

Estimate  for  diversion  works  too  low 957 

Sea-level  canal  too  narrow 956 

Waters  entering  sea-level  canal  will  create  currents  sufficient  to  obstruct 

navigation   957 
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